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ABSTRACT 

The relationship of physical activity energy expenditure (P AEE) and cigarette 

smoking consumption (CSC) to lumbar spine (LS) and femoral neck (FN) bone mineral 

density (BMD, g/cm2
) was investigated in 2565 Canadian men (aged 25-96 years) from 

the Canadian Multicentre Osteoporosis Study (CaMOS). BMD was assessed using dual 

energy x-ray absorptiometry. Physical activity and cigarette smoking were assessed by 

interviewer-administered questionnaire. Physical activity was split into 3 categories and 

the total time (hours/week) for each category was multiplied by a corresponding 

anticipated multiple of resting energy expenditure or MET value to derive an overall 

estimate of average weekly energy expenditure (MET-hr/wk or kcallkg/wk). The MET 

values used for each physical activity category were as follows: 9 METs for strenuous 

sports, 5 METs for vigorous work, and 3 METs for moderate activity. Cigarette 

smoking was dichotomized into smokers (defined as men who had ever smoked daily 

for 6 months or more) and non-smokers (defined as men who had never smoked daily 

for at least 6 months). Separate hierarchical multiple regression analyses were 

performed for LS and FN BMD entering age, height, and weight as covariates on the 

ftrst step. The analyses revealed that the covariates accounted for 9.3% (p<O.OS) of the 

variance in LS BMD and 21.4% (p<0.05) ofthe variance in FN BMD. PAEE and CSC 

accounted for an additional 0.4% (p<0.05) of the variance above that of the covariates 

for both LS and FN BMD. Specifically, P AEE had a positive relationship and CSC had 

a negative relationship with both LS and FN BMD. Overall, the covariates and 

independent variables accounted for a total of9.7% (p<0.05) of the variance in LS 
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BMD and 21.8% (p<0.05) of the variance in FN BMD. The results of this study suggest 

that P AEE and CSC have significant but countering effects on both LS and FN BMD. 

However, the variance in LS and FN BMD accounted for above that of the covariates 

was minimal (i.e. probably insignificant at a practical level) and therefore might not be 

sufficient to recommend physical activity and abstinence from cigarette smoking as the 

only interventions for maintaining BMD or preventing BMD loss. 
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CHAPTER1 

1.1 Introduction 

Osteoporosis is the most common metabolic bone disorder affecting the elderly 

(Melton III et al., 1997) and is the leading cause of morbidity and disability among 

elderly populations in Western countries (Holbrook & Barrett-Connor, 1993). 

Osteoporosis is characterized by relatively low bone mineral density and increased 

susceptibility to fracture (Melton III, 1997). 

Fractures most commonly associated with osteoporosis occur at the hip, spine, 

and wrist (Goeree et al., 1996; Melton III et al., 1997). Fractures of the hip and spine are 

associated with a greater potential for morbidity and mortality as compared to other 

fractures (Cory & Gamble, 1995). Although men have less than 50% the risk of 

suffering a hip fracture than women, they are more likely to die as a result with twice 

the mortality rate of women (Lane et al., 2000). Fractures of the spine are associated 

with significant pain, deformity, and long term debility (Consensus Development 

Conference, 1993) while fractures of the hip are the most debilitating events in 

individuals with osteoporosis (Lane et al., 2000). Specifically, hip fractures are 

associated with an increased risk of permanent debility or mortality after the fracture 
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event (Consensus Development Conference, 1993). 

In 1990, more hip fractures occurred per capita in North America than occurred 

worldwide (i.e ..... 99,000 fractures in men and ,...260,000 fractures in women in North 

America) (Cooper et al., 1992). By the year 2050, the world population is estimated to 

be 9833 million (Gullberg et al., 1997). As the overall population increases, the absolute 

number of elderly people in the world is also expected to increase (Gullberg et al., 

1997). Because the elderly are at the greatest risk for osteoporotic fractures (Consensus 

Development Conference, 1993), osteoporosis will continue to affect an ever-increasing 

portion of the population. For most parts of the world, the increase in the number of 

men is expected to be greater than that of women (Gullberg et al., 1997). Therefore, the 

increase in hip fracture incidence is also expected to be greater in men than women 

(Anderson, 1998; Glynn et al., 1995; Gullberg et al., 1997). Specifically, Cooper et al. 

(1992) estimates a 56% and 52% increase in hip fractures in men and women, 

respectively from 1990 to the year 2050. 

Therefore, because osteoporosis and fractures will begin to affect a greater 

proportion of men in the future, this would appear to be an important population to 

focus on. However, at present, very little is known about the factors contributing to 

osteoporosis in men (Anderson, 1998). Although extensive research on osteoporosis has 

been undertaken, most of this research has focused on postmenopausal women and 

therefore much of the information on osteoporosis is based on these studies in women. 

The research in women shows that age-related bone loss increases dramatically after 

menopause for approximately ten years (Cory & Gamble, 1995). This change in 

hormonal status is believed to be the primary cause of osteoporosis in women (Seeman 

2 



et al., 1983). Men do not experience a dramatic change in hormonal status similar to 

that in women (Seeman et al., 1983) making early identification of men at risk for 

osteoporosis very difficult (Niewoehner, 1993). However, because men are free from 

the confounding effects of menopause, investigation of the risk factors for osteoporosis 

in men may provide more information and understanding about the risk factors for 

osteoporosis in both sexes (Seeman et al., 1983 ) . 

 Based on all of the evidence, osteoporosis is recognized as a major public health 

problem (Bauwens et al., 1986; Melton III, 1997; Nguyen et al., 1996; Pettersson et al., 

1999). Associated with this public health problem are the exponentially increasing costs 

projected for the treatment of osteoporosis related fractures worldwide (i.e. total world• 

wide costs in U.S. dollars estimated to be 131.5 billion in 2050 compared to 34.9 billion 

in 1990) (Johnel~ 1997). Due to the projected costs associated with osteoporosis and 

related fractures, studies researching the risk factors for osteoporosis are urgently 

required to develop and implement prevention strategies to prevent osteoporosis in the 

frrst place and, in turn, reduce the rapidly climbing fracture rate (Gullberg et al., 1997). 

Since bone mineral density is directly related to fracture risk (Avioli, 2000), the focus 

should be on bone mineral density for the prevention of osteoporosis and related 

fractures. 

1.2 Review of the Literature 

1.2.1 Extent of the Problem in Canada 

During 1987, the incidence of proximal femur fractures in Canada was estimated 

at approximately 18,000 (---13,000 in women and ....-5,000 in men) (Martinet al., 1991). 
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This number increased during the 1993-94 fiscal year, where it was estimated that 

approximately 23,000 fractures ofthe proximal femur occurred (-18,000 in women and 

--5,000 in men) in Canada (Papadimitropoulos et al., 1997). This represents an increase 

in fracture rate of approximately 31% in just a few years. Unfortunately, by the year 

2041, this value is expected to quadruple to approximately 88,000 fractures (ranging 

from -79,000 to -104,000) for both men and women in Canada (Papadimitropoulos et 

al., 1997). Because the overall incidence of osteoporotic fractures is less in men than 

women, the. pathogenesis and treatment in men is more difficult to study in single 

centres (Seeman, 1995), thus there is a need for large-scale studies investigating the 

possible risk factors for osteoporosis in Canadian men. 

In 1993-94 it was estimated that there were approximately 1600 deaths 

following proximal femur fractures in the acute health care setting (--1000 deaths in 

women and -600 deaths in men) in Canada. By 2041, the number of deaths related to 

proximal femur fractures is projected to increase to approximately 7000 ( --4000 in 

women and --3000 in men) (Papadimitropoulos et al., 1997)~ Although the overall 

number of deaths due to proximal femur fractures was found to be greater in women 

than men, a comparison of total deaths relative to the incidence of proximal femur 

fractures reveals that only 6% of women died due to these fractures compared to 10% in 

men. Therefore, even though the incidence of proximal femur fractures was less in men, 

they had a significantly higher mortality rate due to these fractures as compared to 

women (Papadimitropoulos et al., 1997). Goeree et al. (1996) also found that women 

had more overall deaths from hip fractures at all ages than men, and a comparison of 

total deaths due to hip fractures with the total number of hip fractures showed that at all 
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ages, men had a higher rate of death due to hip fractures than women. 

Many hip fractures occur as a result of a fall, which in itself can be fatal, but if 

the osteoporotic patient survives the fracture, cardiopulmonary and metabolic 

complications of immobilization after the event often cause death (Josse, 1989). 

Skeletal integrity prior to the fracture event (i.e. extent of bone loss throughout life up 

to the fracture event) largely determines functional status and may determine 

survivability after hip fracture (Josse, 1989). Mortality is·higher in patients who are 

older and more dependent prior to the fracture (Goeree et al. 1996). Because hip 

fractures in men occur very late in life (Seeman, 1995), perhaps age or greater 

dependency prior to the fracture can explain the higher mortality rate observed in men 

following hip fracture. 

In 1988, the cost for treating and providing both immediate and long-term care 

for patients with osteoporotic fractures in Canada was estimated to be greater than 240 

million dollars (Josee, 1989). This value increased during 1993 to approximately 465 

million, which included hospitalization, outpatient, and drug therapy costs (Goeree et 

al., 1996). However, this total did not include long term care costs (i.e. hospital, long 

term facility care, and chronic care hospital costs), which increased this total to 1.3 

billion dollars (Goeree et al., 1996). 

According to the projections by Papadimitropoulos et al. (1997), by the year 

2041, the Canadian health care system will have to deal with four times the amount of 

hip fractures it dealt with in 1993. This will drastically affect the health care system and 

in turn become an economic burden to all taxpaying Canadians. Therefore, because 

relatively little attention has been spent on the preventative interventions for 
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osteoporosis, serious consideration must be given to this area. As bone mineral density 

is directly related to fracture risk (Avioli, 2000), preventative measures need to focus on 

the attainment and maintenance of bone mineral density not only to help reverse the 

rl.sing trend of osteoporosis and fractures projected for Canada (Papadimitropoulos et 

al., 1997), but to help reduce the rising costs associated with their treatment in Canada 

(Goeree et al., 1996). 

The purpose of the present study is to investigate the relationship of the 

modifiable lifestyle factors, physical activity and cigarette smoking, to bone mineral 

density of the lumbar spine and femoral neck after adjusting for age, height, and weight 

in Canadian men. It is hypothesized that physical activity will positively influence bone 

mineral density while cigarette smoking will negatively influence bone mineral density 

of the lumbar spine and femoral neck beyond the influence of age, height, and weight. 

Physical activity and cigarette smoking might also interact in such a way that the 

negative influence of cigarette smoking will be greater than the positive influence of 

physical activity on bone mineral density of the lumbar spine and femoral neck (see 

section 1.3 for greater detail). 

1.2.2 Osteopenia and Osteoporosis 

Osteopenia is defmed as low bone mass (Mundy, 1999) or decreased 

calcification/density ofbone (Bauwens et al., 1986). Osteoporosis is a subcategory of 

osteopenia (Sartoris, 1996) and is defmed as a systemic skeletal disease characterized 

by low bone mass and microarchitectural deterioration of bone tissue with a consequent 

increase in bone fragility and susceptibility to fracture (Consensus Development 
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Conference, 1993). In other words, osteoporosis is a skeletal condition of decreased 

bone mineral density that impairs the strength ofbone (Glaser & Kaplan, 1997) 

resulting in a greater possibility of fracture as a resuh of minor trauma ( Goeree et al., 

1996). 

Osteoporosis is categorized into primary and secondary forms. Primary 

osteoporosis is designated in the absence of medical conditions known to increase bone 

loss (Blake et al., 1999; Mundy, 1999)~ Therefore, no observed disease state is 

accounting for the changes seen in bone mass (Lane et al., 1996). It is the most common 

type of osteoporosis affecting 95% of all osteoporotic patients (Mundy, 1999). 

Secondary osteoporosis is related to many etiologies (Siddiqui et al., 1999) and is 

designated in the presence of associated medical conditions, surgical procedures, or 

medications that are known to increase bone loss (Khosla & Melton III, 1995). This 

type of osteoporosis is extremely rare (Sartoris, 1996), but is more common in men than 

women (Mundy, 1999). 

Primary osteoporosis is divided into involutional and idiopathic osteoporosis 

with involutional osteoporosis being further divided into Type I and Type II 

osteoporosis and idiopathic osteoporosis being further divided into juvenile and adult 

osteoporosis (Gillepsy III & Gillepsy, 1991 ). Involutional osteoporosis is the most 

common form of primary osteoporosis that first occurs during middle age and 

progressively increases in frequency with increasing age (Khosla et al., 1995). 

Idiopathic osteoporosis is a rare form of primary osteoporosis that occurs without any 

known pathophysiology (Khosla et al., 1995; Mundy, 1999; Orwoll, 1999). 

Type I involutional osteoporosis also called post-menopausal osteoporosis 
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occurs most frequently in women with estrogen deficiency (Glaser & Kaplan, 1997). 

This type of osteoporosis affects approximately 10% of the female population during 

the first 20 years after menopause (ie. between the ages of 55 and 65) (Mundy, 1999). 

Type I osteoporosis also occurs in men, but much less frequently (i.e. less than half the 

incidence in women) (Mundy, 1999). Type I osteoporosis is characterized by high bone 

turnover (Sartoris, 1996) that results in bone losses exceeding the amount that would 

normally be lost with aging (Mundy, 1999). It mainly affects the axial skeleton and 

trabecular bone (see section 1.2.4 for defmition of trabecular bone) and is most often 

associated with vertebral fractures (Mundy, 1999; Sartoris, 1996). 

Type II involutional osteoporosis, also called age-related or senile osteoporosis, 

occurs in men and women as their bone density decreases with age ( Gillepsy III & 

Gillepsy, 1991). This type of osteoporosis is twice as common in women than men, 

affecting half of the population of aging women in comparison to a quarter of the 

population of aging men (Khosla et al., 1995; Mundy, 1999;). Although Type li 

osteoporosis can occur at any age, it typically occurs after the age of 70 in both men and 

women (Khosla et al., 1995). Unlike Type I osteoporosis, Type II osteoporosis is 

characterized by low bone turnover while bone formation is impaired (Mundy, 1999; 

Sartoris, 1996). It affects both the axial and appendicular skeleton with bone loss 

occurring in both trabecular and cortical bone (Mundy, 1999; Sartoris, 1996) (see 

section 1.2.4 for defmition of cortical bone)~ This type of osteoporosis is most often 

associated with hip and vertebral fractures (Khosla et al., 1995; Mundy, 1999). 

Idiopathic juvenile osteoporosis occurs during adolescence or in the 20s in both 

sexes (Mundy, 1999). This type of osteoporosis is characterized by high bone turn over 
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and tends to be transient (i.e. only lasting a few years) often clearing up after puberty 

(Mundy, 1999). Idiopathic adult osteoporosis occurs during middle age and is more 

common in men than women (Mundy, 1999). Like idiopathic juvenile osteoporosis, this 

type of osteoporosis is typically characterized by high bone turnover and it can also be 

transient (Mundy, 1999). 

This concludes the primary forms of osteoporosis, which occur in the absence of 

medical conditions known to increase bone loss (Blake et al., 1999; Mundy, 1999). As 

mentioned previously, osteoporosis is also categorized into a secondary form, which 

occurs in the presence of secondary conditions known to increase bone loss (Khosla & 

Melton III, 1995). The major categories of secondary conditions include endocrine 

diseases, gastrointestinal diseases, bone marrow disorders, connective tissue diseases, 

and medications (Gillepsy III & Gillepsy, 1991). While these secondary conditions may 

be the main cause of bone loss in some individuals, Khosla and Melton III (1995) 

suggest it is more realistic to consider these conditions as risk factors for osteoporosis 

such that their effects on bone loss are in addition to the effects of low peak bone mass, 

hypogonadism (i.e. deficiency in sex hormones), and age-related bone loss. 

1.2.3 Bone Remodeling and Metabolism 

Throughout life, bone continuously cycles through resorption and formation by 

a process known as remodeling (Cory & Gamble, 1995). Normally the remodeling 

process is balanced where the amount of bone resorbed equals the amount of bone 

formed (Gillepsy III & Gillepsy, 1991). An imbalance in the bone remodeling process 

between the rates of bone resorption and bone formation (i.e. either enhanced resorption 
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or impaired formation) leads to a net loss in bone mass and the gradual onset of 

osteoporosis (Avioli, 2000; Lane et al., 1996; Lane et al., 2000). In adults, bone 

remodeling is a necessary process in the maintenance of bone integrity because it 

repairs injuries (i.e. fractures, renewal of aging bone, and rearrangement of skeletal 

architecture) that occur due to stress placed on bone (Avioli, 2000; Gillepsy III & 

Gillepsy, 1991). 

Bone is a living matrix (Lane et al., 1996) that is made up of organic matrix (i.e. 

90% collagen), inorganic mineral cells (i.e. hydroxyapatite), cells (i.e. osteoblasts, 

lining cells, osteocytes, and osteoclasts), and water (Christiansen et al., 1998). 

Remodeling occurs through a cycle of resorption and formation, which is accomplished 

by the continuous turnover of organic bone matrix and inorganic bone (Josse, 1989). 

The remodeling process is under direct cellular control (Lane et al., 1996) and is carried 

out by three cellular components of bone known as osteocytes, osteoblasts, and 

osteoclasts (Gillepsy III & Gillepsy, 1991). 

The osteocytes are the most abundant of the three cells and are found encased 

within the mineralized bone matrix (Mundy, 1999). Osteoblasts, the bone forming cells, 

are found on the surface of bone where they synthesize bone matrix and are involved in 

its subsequent mineralization (Christiansen et al., 1998; Woolf & Dixon, 1998). 

Osteoclasts, the bone resorbing cells, are found on the surfaces of bone or in pits where 

they have resorbed calcified bone (Christiansen et al., 1998; Woolf & Dixon, 1998). 

Remodeling of bone occurs in five stages: activation, resorption, reversal, 

formation, and mineralization. At the beginning of each remodeling cycle, bone in the 

resting state is activated (i.e. bone lining cells are instructed to retract from the 
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mineralized surface ofbone) (Gillepsy III & Gillepsy, 1991; Josse, 1989). Osteoclast 

precursor cells are attracted to the exposed mineral surface and develop into osteoclasts 

(Blake et al., 1999; Josse, 1989). The osteoclasts then begin the resorption process by 

removing bone matrix (Gillepsy III & Gillepsy, 1991; Josse, 1989). Specifically, the 

osteoclasts secrete digestive enzymes (which break down the collagen matrix) and 

hydrogen ions (which dissolve hydroxyapatite crystals) (Christiansen et al., 1998; Josse, 

1989). The entire resorption process occurs over a period of approximately two weeks 

(Riggs & Melton III, 1986) and results in the formation of resorption cavities. 

After the resorption stage, a reversal stage occurs where cells clean out the 

resorption cavities and prepare them for bone formation (Josse, 1989). Osteoclasts are 

then replaced by osteoblasts, which then begin ftlling the resorption cavities by 

depositing bone (Gillepsy III & Gillepsy, 1991; Lane et al., 2000; Riggs & Melton III, 

1986). Specifically, new bone matrix within the resorption cavities is synthesized by the 

osteoblasts through the secretion of an organic (i.e. collagenous) matrix (Christiansen et 

al., 1998; Josse, 1989), which is eventually calcified with hydroxyapatite (Gillepsy III 

& Gillepsy, 1991). This occurs approximately ten days after the matrix is deposited 

(Bauwens et al., 1986). The process of bone deposition occurs until the resorption 

cavity is optimally filled with new bone (Josse, 1989)~ The entire process occurs over a 

period of approximately three to five months and at any given moment there are 

approximately two million active remodeling sites throughout the skeleton (Gillepsy III 

& Gillepsy, 1991). 

Osteocytes are then derived from the osteoblasts, which have successfully 

synthesized and become entrapped within the newly deposited bone matrix ( Gillepsy III 
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& Gillepsy, 1991; Mundy, 1999). Once mineralization has occurred, the sites return 

back to the resting state (Gillepsy III & Gillepsy, 1991) and the remodeling cycle 

repeats again starting with the activation stage. 

After the age of 40, every remodeling cycle results in a small amount of bone 

deficit due to the osteoblasts, which are rarely able to bring the bone surface back to the 

original starting point (Lane et al., 2000). The reason for the inability of the osteoblasts 

to completely fill the resorption cavities created by the osteoclasts differs in Type I and 

Type II osteoporosis. 

The high bone turnover associated with Type I osteoporosis (Sartoris, 1996) is 

associated with an increase in the number of osteoclasts which results in the formation 

of a larger than normal resorption cavity (Blake et al., 1999). Because the osteoclastic 

activity is increased relative to osteoblastic activity in Type I osteoporosis, the 

osteoblasts are incapable of completely filling the large cavity that was formed by the 

osteoclasts and the end result is destruction of trabeculae (Blake et al., 1999) (see 

section 1.2.4 for definition of trabeculae). In Type II osteoporosis, there is decreased 

osteoblastic activity relative to osteoclastic activity and therefore, the osteoblasts are 

incapable of completely filling a normal sized resorption cavity created by the 

osteoclasts with the end result being thinning ofthe trabeculae (Blake et al., 1999). 

1.2.4 Type.ofBone 

There are two different structural types of bone tissue found in the human 

skeleton: cortical (compact or dense) bone and trabecular (cancellous or spongy) bone 

(Gillepsy III & Gillepsy, 1991). Cortical bone comprises approximately 70-80% of 
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skeletal mass (Blake et al., 1999). It forms the outer layer or wall of long bones 

(Siddiqui et al., 1999) consisting primarily of compact plates that enclose the central 

marrow cavity (Snow-Harter & Marcus, 1991 ). Cortical bone predominates in the 

appendicular skeleton, particularly in the shafts of long bones (Monier-Faugere et al., 

1998; Mundy, 1999; Orwoll, 1999; Sartoris, 1996), is primarily loaded by torque and 

bending type stresses (Avioli, 2000), and has a low surface area to volume ratio (Lane 

et al., 1996). 

Trabecular bone, on the other hand, comprises approximately 20-30% of skeletal 

mass (Blake et al., 1999) and it forms the inner part ofbone consisting of a honeycomb

like configuration of intersecting vertical and horizontal bone (i.e. plates or rods) called 

trabeculae, which are interspersed between bone marrow (Monier-Faugere et al., 1998; 

Siddiqui et al., 1999; Snow Harter & Marcus, 1991). Trabecular bone predominates in 

the vertebrae, proximal ends of long bones, and ribs (Mundy, 1999) and is primarily 

loaded by impact type stresses (Avioli, 2000). This type of bone has a much greater 

surface area to volume ratio (i.e. contains more remodeling sites per unit volume) than 

cortical bone because of its honeycomb-like configuration (Bauwens et al., 1986; 

Gillepsy III & Gillepsy, 1991). 

1.2.5 Peak Bone Mass 

The magnitude of peak bone mass attained in young adult life, along with the 

rate and duration of post-menopausal and age-related bone loss, determine the risk for 

osteoporosis (Anderson, 1998; Consensus Development Conference, 1993). Peak bone 

mass is the maximum bone mass achieved during a lifetime (Chumlea & Shumei, 1999; 
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Siddiqui et al., 1999). It is generally agreed that peak bone mass is reached around the 

third decade oflife (Consensus Development Conference, 1993; Cory & Gamble, 1995; 

Siddiqui et al., 1999). Bone mass at any given point in time is a result of the balance 

between bone formation and resorption that has occurred (Avioli, 2000) and in 

adulthood is a result of the amount of bone obtained during growth along with the 

amount ofbone lost with aging (Seeman, 1997). Therefore, maximizing peak bone mass 

and reducing post-menopausal and age-related bone loss is crucial for the prevention of 

(Lane et al., 1996) and reduction in risk for osteoporotic fractures in the future 

(Niewoehner, 1993; Siddiqui et al., 1999). 

Men gain a greater amount of bone during growth than women resulting in a 

higher peak bone mass (Siddiqui et al., 1999). On average, women attain a peak bone 

mass approximately 30% lower than that attained by men (Christiansen, 1995). The 

most obvious influence on peak bone mass is hormonal as is seen through the gender 

differences that exist in pubertal development (Eastell et al., 1998) with boys' pubertal 

growth occurring at a faster rate and over a longer period of time (i.e. approximately 

two years longer than girls) (Seeman, 1993; Seeman, 1997). Therefore, men tend to 

have larger bones than women and this results in the higher peak bone mass observed in 

men (Seeman, 1993). This, however, does not mean that men always have a denser 

skeleton (Seeman, 1999a). In general, both the diameter of the vertebral bodies and the 

cross-sectional diameter of the long bones are larger in men (Seeman, 1995). The larger 

size of the bones also adds to their strength, making them less susceptible to 

osteoporotic fracture (Siddiqui et al., 1999). Therefore, gender seems to play a large 

role in determining peak bone mass, however genetics and environmental factors (Cory 
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and Gamble, 1995; Gillepsy III & Gillepsy, 1991) also largely affect peak bone mass. 

In a lifetime, men can expect to lose approximately 20% to 30% of their peak 

bone mass whereas women can expect to lose approximately 30% to 40% (Consensus 

Development Conference, 1993). Research shows that bone loss begins at an earlier age 

in women than in men and dramatically increases during the first ten years post

menopause (Cory & Gamble, 1995). Therefore, not only do women attain a peak bone 

mass that is on average 30% less than that attained by men (Christiansen, 1995), but 

they begin to lose their peak bone mass earlier artd more rapidly after menopause. This 

change in hormonal status during menopause is believed to be the primary cause of 

osteoporosis in women (Seeman et al., 1983). In healthy men, testosterone production 

continues until late into life and therefore men do not experience rapid bone loss 

equivalent to menopause in women (Seeman et al., 1983). Men begin to lose bone in 

their 40s or 50s at a gradual rate (i.e. 1% per year), however, the rates differ depending 

on the specific site and type ofbone involved (Anderson, 1998). This gradual bone loss 

observed in men continues throughout their lifetime (Gillepsy III & Gillepsy, 1991). 

1.2.6 Bone Loss 

Bone loss is an inevitable consequence of aging in all adults (Orwoll, 1999; 

Snow-Harter & Marcus, 1991) and it occurs in specific patterns. There are four patterns 

of bone resorption including trabecular bone resorption on the trabecular surfaces of 

bone, intracortical resorption within the cortices of bone, subperiosteal resorption on the 

periosteal surfaces (i.e. outer surface) of bone, and endosteal resorption on the endosteal 

surfaces (i.e. inner surface) ofbone (Kuijk & Genant, 1995; Orwoll, 1999). With 

15 



respect to the different types of osteoporosis, Type I osteoporosis is predominantly 

associated with trabecular.and intracortical bone resorption (Kuijk & Genant, 1995). 

Type II osteoporosis is predominantly associated with endosteal resorption (Kuijk & 

Genant, 1995; Orwoll, 1999). Subperiosteal resorption characterizes certain forms of 

secondary osteoporosis (Kuijk & Genant, 1995). 

In addition to the generalized patterns of bone loss are the patterns of cortical 

and trabecular bone loss. Specifically, both cortical and trabecular bone are lost in a 

biphasic pattern with a transient accelerated phase that occurs only in women after 

menopause and a slow phase that occurs in both sexes (Cory & Gamble, 1995; Riggs & 

Melton III, 1986). Therefore, men only undergo one phase of bone loss as compared to 

women who undergo two phases of bone loss (Riggs & Melton III, 1986). During the 

slow phase, bone is lost as a result of impaired bone formation. This differs from the 

transient accelerated phase where bone is lost as a result of accelerated resorption (Cory 

& Gamble, 1995). 

In both men and women, trabecular bone loss occurs approximately ten years 

before cortical bone loss (Cory & Gamble, 1995; Riggs & Melton III, 1986) and 

therefore, contributes to the overall bone loss that occurs with age and to the 

pathogenesis of fractures (Seeman, 1993). In absolute terms, loss in trabecular bone at 

the spine and iliac crest is similar between men and women, however, relative to peak 

bone mass, trabecular bone loss is less in men (Seeman, 1995). In a lifetime, women 

lose approximately 50% of their trabecular bone (Cory & Gamble, 1995) whereas men 

lose approximately 25% of their trabecular bone between the ages of 20-85 years 

(Mazess et al., 1990). Therefore, the absolute quantitative loss oftrabecular bone is 
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similar between men and women, but the quantitative loss relative to peak bone mass 

differs (Seeman, 1995). 

The pattern of trabecular bone loss also differs between the sexes (Seeman, 

1995; Siddiqui et al., 1999). At age 35, men and women have roughly the same 

trabecular number and thickness (Seeman, 1995). However, once bone loss occurs, a 

decrease in trabecular number (i.e. complete loss of trabecular elements) due to 

increased resorption predominates in women whereas a decrease in trabecular width 

(i.e. trabecular thinning) due to reduced bone formation predominates in men 

(Niewoehner, 1993; Orwoll, 1999; Seeman, 1997; Seeman, 1999a). Trabecular thinning 

is less detrimental to bone since the structure is relatively preserved, on the other hand, 

loss in trabecular number is particularly detrimental to bone because the loss of 

completely perforated trabeculae disrupts the structure and strength of trabecular bone 

(Woolf & Dixon, 1998). 

Therefore, the bone architecture in men is better preserved which results in a 

stronger structure for a given bone density (Anderson, 1998). This qualitative difference 

in trabecular bone loss between the sexes has important implications with regards to the 

treatment of osteoporosis because restoring trabecular thickness may be possible, but 

replacing completely perforated trabeculae is probably not (Niewoehner, 1993; Woolf 

& Dixon, 1998). Therefore, the potential exists for successful treatment in men since 

trabecular bone loss occurs mainly through trabecular thinning. The potential for 

successful treatment in women, on the other hand, is less promising since trabecular 

bone loss occurs mainly through loss in trabecular number. 

Trabecular perforation is believed to occur less frequently in men due to the 
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absence of an accelerated phase of bone remodeling like that which occurs in women 

during menopause (Orwoll, 1999). With rr.Lenopause in women, trabecular perforation is 

rapid and trabeculae are completely lost, therefore, trabecular bone loss eventually 

slows down because less trabecular surface:! (i.e. due to less trabeculae) is available for 

remodeling (Orwoll, 1999; Seeman, 1999a). Men experience the opposite because as 

progressive trabeculae thinning occurs, this can actually increase the surface area 

available for remodeling and therefore men often experience continued trabecular bone 

loss with age (Orwoll, 1999; Seeman, 1999a). 

With respect to cortical bone, wom.en lose approximately 35% of their cortical 

bone in a lifetime (Cory & Gamble, 1995) whereas men lose approximately 25% 

between the ages of20-85 (Mazess et al., 1990). Cortical bone loss is less in men than 

women because subperiosteal bone formation (i.e. bone formation on the periosteum or 

outer surface of bone) is greater in men and endosteal resorption (i.e. bone resorption on 

the inner surface of bone) is greater in wornen (Seeman, 1997). In other words, through 

greater production of cortical bone by subperiosteal deposition, men are better able to 

compensate for the cortical thinning that occurs through endosteal resorption (Seeman, 

1995; Seeman, 1997). Cortical bone is also lost through intracortical resorption, which 

increases the porosity of the cortical bone :resulting in more surface area available for 

further resorption (Orwoll, 1999). This increase in surface area may be responsible for 

the accelerated rate of cortical bone loss in the elderly (Orwoll, 1999). 

Between the two bone types, trabe(~Ular bone responds more rapidly to factors or 

diseases that negatively affect bone (i.e. osteoporosis) (Avioli, 2000; Lane et al., 1996). 

Specifically, trabecular bone has a greater surface area than cortical bone and since 
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bone turnover is a surface event, trabecular bone is remodeled more quickly (Cory & 

Gamble, 1995; Gillepsy III & Gillepsy, 1991; Jackson & Kleerekoper, 1990; Lane et al., 

1996; Riggs & Melton III, 1986; Seeman, 1993). Interestingly, the greater loss of 

trabecular density in men has not translated into a greater incidence of vertebral (i.e. 

predominantly trabecular bone) fractures versus hip fractures and the reasons for this 

are unclear (Jackson & Kleerekoper, 1990). In both men and women, the main process 

that appears to be responsible for vertebral fractures is trabecular perforation whereas 

trabecular thinning appears to be the main process responsible for hip fractures 

(Seeman, 1993; Seeman, 1995). Therefore, perhaps men resist vertebral fractures since 

the main process of trabecular bone loss tl1at occurs is through trabecular thinning 

which does not correspond to the main process responsible for vertebral fractures (i.e. 

trabecular perforation). In other words, perhaps vertebral fractures are resisted due to 

the better preservation of trabecular bone structure that occurs in men as a result of 

trabecular thinning (i.e. a less detrimental pattern of trabecular bone loss in comparison 

to trabecular perforation). Niewoehner et al. (1993) suggested that cortical bone might 

play an important role in maintaining the strength of the vertebrae in men, resulting in 

fewer fractures at this site. 

1.2. 7 Measurement of Bone Mineral Density 

Most of the research on osteoporosis has focused on bone mineral density 

because low bone mass accounts for about 80% of bone fragility and is therefore 

predictive of fragility fractures (Miller & ~vfcClung, 1996). More specifically, low bone 

mineral density has been shown to have an inverse relationship with osteoporotic 
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fractures in both men and women (Orwoll & Klein, 1995), therefore, the lower the bone 

mineral density in a given bone, the greatf'r the possibility of fracture and vice versa. 

Bone densitometry directly measures bonf~ mineral density, which is directly related to 

fracture risk (A vio li, 2000). 

The four most widely used non-invasive techniques to measure bone density 

include single photon absorptiometry (SP.A.), dual photon absorptiometry (DPA), 

quantitative computed tomography (QCT), and dual energy x-ray absorptiometry 

(DXA) (Cory & Gamble, 1995). The main disadvantage of SPA is that the bone must be 

surrounded by soft tissue of constant thickness in order to obtain a correct measurement, 

therefore, measurement is limited to the appendicular skeleton since the measuring sites

have to be immersed in water (Blake et al., 1999; Uffmann et al., 1998). The main 

disadvantages ofDPA are the length oftirne (i.e. 20-40 minutes) necessary to obtain 

high precision scans of the spine and femur and the production of poor quality images 

due to limited resolution (Blake et al., 1999). The main disadvantages for QCT are that 

measurements are limited to the spine, pre:cision error is inadequate to monitor patients 

longitudinally over time (Cory & Gamble, 1995), and radiation exposure is high (Blake 

et al., 1999). DXA is recognized as the most advanced of the dual energy techniques 

( Chumlea & Shumei, 1999; Snow-Harter lk Marcus, 1991) and is therefore 

recommended for the measurement of bone mineral density (Siddiqui et al., 1999). In 

other words, DXA has become the gold standard for measurement of bone mineral 

density (Kleerekoper & A violi, 1998). 

Important factors in any method of bone mineral density measurement are 

precision and accuracy. Precision is defined as the ability to obtain the same result from 
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repeated measurements and accuracy is deimed as the ability to obtain a result, which is 

similar to the "true value" (Christiansen, 1995). For example, accuracy of bone mineral 

density measurement is based on the ability of the instrument to measure the true 

amount of skeletal calcium (Christiansen, 1995). Of the four techniques, DXA offers 

the highest precision (0.5 to 2% precision c;:rror), highest accuracy (3 to 5% ), lowest 

radiation exposure (1 to 3 mrem), and quickest scan time (3 to 5 minutes) (Cory & 

Gamble, 1995) (see Appendix A for a co~parison of the four bone density 

measurement techniques with respect to precision, accuracy, radiation exposure, and 

exam time). Therefore, if available, the general consensus is to use DXA for the 

measurement ofbone mineral density in the treatment of patients (Lane et al., 2000). 

DXA measures the mass of bone mineral at a given site and is defined on a two

dimensional projection image generated by the scanning device (Blake et al., 1999). 

DXA involves two energy beams developed to discriminate between soft tissue and 

bone (Avioli, 2000). The low beam allows for the quantification of soft tissue and the 

high beam allows for the quantification of both soft tissue and bone, therefore, the 

fraction of bone density can be calculated using the high and low beam measurements 

(Avioli, 2000). The results of this measurement are expressed as areal density, which is 

defined as the mass of bone mineral (hydroxyapatite) per unit area ofbone scanned 

(Blake et al., 1999). In other words, it is the relative value of bone mineral per measured 

bone area (Kelley et al., 2000). Areal bone mineral density is reported as grams of 

mineral per square centimeter of bone area (Chumlea & Shumei, 1999; Lane et al., 

2000; Snow-Harter & Marcus, 1991). 
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1.2.8 Osteoporosis and Related Fracturt~s 

Decreased bone mass is the main rilsk factor for minor trauma or no trauma (i.e. 

osteoporotic) fractures (Christiansen et al., 1998). The risk for osteoporosis is lower in 

men than women because men attain a higher peak bone mass, lose less bone with aging 

due to the absence of a menopause equivalent, and often have a shorter life expectancy 

as compared to women and therefore have less time in their life to lose bone 

(Niewoehner, 1993; Siddiqui et al., 1999). Because the risk for osteoporosis is lower in 

men than women, the risk for osteoporotic fractures is also lower. Although there is an 

obvious relationship between bone density and fractures, it is not the only important 

factor (Avioli, 2000). Miller and McClung (1996) suggested low bone mass, age, and 

existing fractures to be the most predictive factors of increased fracture risk. This is in 

partial agreement to the Consensus Development Conference ( 1993) that listed age, 

falls, and existing fractures as predictors of osteoporotic fractures independent of bone 

mass. Specifically, for each 5-year increasje in age (over 65 years), the relative risk of 

fracture doubles (Miller & McClung, 1996). Therefore, since men generally have a 

shorter life expectancy than women, they naturally have a lower risk for fractures. With 

respect to falls, women have been found to have a higher incidence of falls and this may 

also account for the higher rate of fractures seen in women in comparison to men 

(Seeman, 1993). Because decreased bone 1nass is the main risk factor for osteoporotic 

fractures (Christiansen et al., 1998), it is re:asonable that existing fractures are predictors 

for future fractures since an existing fracture is a good indicator that low bone mass is 

present. 

In osteoporosis, regions of the skel1eton that are composed mainly of trabecular 
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bone are more likely to be affected by osteoporotic fractures since trabecular bone is 

usually lost first (Avioli, 2000). The most common fracture sites associated with 

osteoporosis occur at the hip (proximal fernur), spine (vertebrae), and wrist (distal 

forearm) (Goeree et al., 1996; Melton III, 1997), but almost all bones are susceptible 

(Consensus Development Conference, 1993). Both spine and hip fractures are 

devastating manifestations of osteoporosis, however, hip fractures in particular are the 

most feared complication of osteoporosis as they are a life threatening event especially 

in the elderly (Glaser & Kaplan, 1997; Gojeree et al., 1996). Specifically 5% to 20% of 

all hip fracture cases lead to death within one year of the fracture (Consensus 

Development Conference, 1993). Of those who survive, greater than 50% end up 

permanently disabled (Consensus Development Conference, 1993). More recently, 

Lane et al. (2000) suggested this percentage to be as high as 70% of survivors. Hip 

fractures usually require hospitalization, surgery, and elderly patients may require 

extensive rehabilitation in long term care facilities (Goeree et al., 1996). 

Vertebral fractures are classified as either a partial vertebral deformity (i.e. the 

partial loss ofheight ofthe anterior edge or middle section ofthe vertebral body) or a 

complete compression fracture (i.e. the co1nplete collapse of the vertebral body) 

(Cummings et al., 1985). Fractures of the spine can be asymptomatic but others are 

associated with acute back pain at the location of the vertebral :fracture (Cory & 

Gamble, 1995). Vertebral fractures can cause significant pain, deformity, and long term 

debility (Consensus Development Conference, 1993). These fractures that occur with 

almost no trauma (i.e. turning over in bed) typically result in a loss of height of 1.5 

inches but can increase to as much as 8 inc:hes (Cory & Gamble, 1995). This loss of 
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height due to hunching results in thoracic kyphosis (i.e. excessive curvature of the spine 

in the thoracic region) also known as Dowager's hump (Cory & Gamble, 1995; Gillepsy 

III & Gillepsy, 1991). In the most severe cases, the rib cage rests right on top of the 

pelvic bone (Cory & Gamble, 1995). 

1.2.9 Risk Factors for Osteoporosis 

A number of risk factors (both majc,r and minor) have been identified for 

osteoporosis including some that can be modified and others that cannot be modified 

(Lane et al., 2000). Major risk factors that cannot be modified include a personal history 

of fracture as an adult or in a first degree rc:~lative. Minor risk factors that cannot be 

modified include Caucasian race, advanced age, female gender, dementia, and poor 

health or frailty (Lane et al., 2000). Potentially major risk factors that can be modified 

include cigarette smoking and low body wc~ight. Finally, the minor risk factors that can 

be modified include estrogen deficiency, low calcium intake, alcoholism, impaired 

eyesight, recurrent falls, inadequate physical activity, and poor health and frailty 

depending on the cause (Lane et al., 2000) .. 

For the purpose of this thesis, only the modifiable risk factors for osteoporosis in 

men were investigated. More specifically, one positive and one negative lifestyle factor 

were examined to determine the effects of each on bone mineral density in men. The 

positive lifestyle factor of physical activity was chosen based on activity levels, which 

generally tend to be greater in men versus ·women. As a result of this greater level of 

physical activity, it is possible that this life:style factor will play a greater role in the 

bone mineral density of men. The negative~ lifestyle factor of cigarette smoking was 
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chosen based on the greater emphasis that existed with respect to cigarette smoking and 

bone mineral density in the literature, despite the limited amount of bone mineral 

density literature available in men. Therefbre, it is possible that the lifestyle factor of 

cigarette smoking is playing an important role in the bone mineral density of men. By 

examining both physical activity and cigarette smoking in men, it can be determined 

which of these two lifestyle factors will have a greater association with bone mineral 

density (i.e. the positive association of physical activity or the negative association of 

cigarette smoking). The literature around physical activity and bone mineral density 

followed by cigarette smoking and bone mlineral density will now be examined in detail. 

1.2.9.1 Physical Activity and Bone Mineral Density (BMD) 

There is little argument that bone V~ml adapt to an imposed stress (i.e. exercise) 

or lack of stress (i.e. sedentary lifestyle) by forming or resorbing bone tissue (Snow

Harter & Marcus, 1991 ). Although the evidence suggests that bone mineral increases in 

response to mechanical stress (i.e. exercise), the exact mechanisms involved are not 

completely understood (Lane et al., 1996; Snow Harter & Marcus, 1991). 

A number of cross-sectional studies have investigated the relationship of varying 

forms of physical activity and bone mineral density (BMD) at different skeletal sites. 

Greendale et al. (1995) examined 1019 women and 689 men (mean age of73 years) 

from the Rancho Bernardo Study. BMD was measured at the ultradistal radius and 

midshaft radius using single photon absorptiometry (SPA) and at the lumbar spine and 

hip (i.e. femoral neck, intertrocbanter, greater trochanter, and total hip) using dual 

energy x-ray absorptiometry (DXA). Lifelong and current leisure time physical activity 
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(in the past year) was assessed through a questionnaire. Results showed both current 

and lifelong leisure time physical activity to be positively associated with BMD at the 

total hip and each of its components, but no association was found at the lumbar spine 

or forearm sites. Although the survey did not determine specific forms of activity, the 

authors hypothesized that common recreational activities (i.e. fast walking and jogging) 

preferentially load the hip bone, therefore providing an explanation for the greater BMD 

observed with physical activity at this site only. Nordstrom et al. (1997) also found 

physical activity to be a significant predictor ofBMD at the hip (femoral neck, Ward's 

triangle, and greater trochanter), but not the spine. This study involved 33 young males 

(mean age of24.8 years) who were low to moderately physically active. Therefore, it is 

possible that the level of physical activity ,was not sufficient enough to affect bone mass 

at the lumbar spine. 

In the study by Greendale et al (1995), current leisure time physical activity and 

BMD at all hip sites had a dose-response relationship such that greater levels of current 

exercise were associated with greater levels ofBMD. Lifelong leisure time physical 

activity and BMD at all hip sites also had a dose-response relationship such that 

increasing tertiles of lifelong leisure time physical activity scores were associated with 

greater BMD. Therefore, this study found a protective effect of current and lifelong 

leisure time physical activity on hip BMD .. 

Although the studies mentioned thus far have not found evidence for a positive 

association of physical activity on lumbar spine BMD, other studies have found 

evidence to support this association. Lunt ~et al. (2001) investigated men (aged 50-80 

years) from the European Vertebral Osteoporosis Study. Results showed a positive 
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association for current and lifetime physical activity and BMD of both the hip and 

lumbar spine. Bendavid et al. (1996) examined a sub-sample of the Rancho Bernardo 

Study cohort involving 218 men aged 50-64 years. In support of the findings of 

Greendale et al. (1995), no effect of physical activity was found at the forearm sites, 

however, reported regular exercise was independently positively associated with greater 

BMD of the hip and lumbar spine. Therefore, the results of these two studies suggest 

that only weight-bearing bone sites are afft~ted by regular physical activity. 

These results are explained by the rnechanicalloading that is imparted to bone 

as a resuh of physical activity. Specifically, physical activity causes strain (i.e. the 

amount of bending that occurs on loading) to the bone, which is then thought to elicit a 

local bone response (Dawson-Hughes, 1995). Therefore, bones that are subjected to the 

majority of the strains from regular physical activity (i.e. mainly the weight-bearing 

bones) are more likely to elicit a local bon(~ response resuhing in improved BMD from 

physical activity over time. 

Current leisure time physical activity (in the past year) and historical physical 

activity in 523 men (mean age of66.6 years) were examined in a study by Glynn et al. 

(1995). BMD was assessed by DXA at the proximal femur and its sub regions (femoral 

neck, greater trochanter, and Ward's triangle), but not the lumbar spine as the authors 

mentioned that this measurement has been frequently observed to be confounded by 

extensive osteophyte formation in men. In contrast to the results of Greendale et al. 

(1995) and Bendavid et al. (1996), there w·as no association between current leisure 

time physical activity and BMD at any of the hip sites. Similar to the findings of 

Greendale et al. (1995), historical physical activity was an independent predictor for 
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BMD at all hip sites except for Ward's triangle. Specifically, men who reported high 

historical physical activity had significantly higher BMD (i.e. 3-4%) at the femoral neck 

and greater trochanter but not Ward's triangle in comparison to those men who reported 

low historical physical activity. 

Therefore, Glynn et al. (1995) found historical physical activity to have a 

positive association with BMD at the hip (i.e. femoral neck and trochanter) while 

current leisure time physical activity was ibund to have no association with BMD at any 

hip sites. Thi~ discrepancy can possibly be: explained by the importance of mechanical 

loading throughout the lifetime. Specifically, bone mass in adulthood is the result of the 

amount of bone gained during growth and the amount lost with aging (Seeman, 1997). 

Although the mechanisms are not understood, the mechanical loading that occurs during 

exercise is a major determinant ofBMD in adults with increases in BMD occurring in 

response to increased mechanical loading and decreases in BMD occurring in response 

to decreased mechanical loading (Heaney,& Matkovic, 1995). Since peak bone mass 

does not occur until about the third decade of life (Consensus Development Conference, 

1993; Cory & Gamble, 1995; Siddiqui et al., 1999), it seems plausible that exercise 

would be important to BMD during growth as well (Heaney & Matkovic, 1995). 

Therefore, the discrepancy in results might be due to the fact that current leisure time 

physical activity and historical physical activity are assessing physical activity during 

different periods in the lifespan. Specifically, the historical physical activity 

questionnaire considered physical activity :from three age periods: teenage years (i.e. 

before peak bone mass is achieved); third decade; and fifth decade of life, whereas 

current leisure time physical activity only toonsidered activity in the past 12 months (in a 
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sample with a mean age of66.6 years). Therefore, unless current leisure time physical 

activity was representative ,of historical physical activity in this particular sample, the 

positive results of the latter on BMD of th<~ hip might have been due to the positive 

impact of physical activity on peak bone nmss. 

Another finding by Glynn et al. (1995) was that quadriceps strength was 

significantly associated with greater BMD at all hip sites. This fmding was independent 

of all the other predictors therefore suggesting a site-specific increase in hip BMD due 

to greater quadriceps strength. Nordstrom jet al. (1997) also found muscle strength (i.e. 

quadriceps and hamstrings) to be an indepc~ndent predictor of all hip sites in addition to 

total body BMD. Glynn et al. (1995) concluded that the increase in hip BMD might be a 

result of loading of the bone over a lifetimte, which in turn increases the strength of the 

leg muscles resulting in increased mechanical forces imparted to the bone. 

Duppe et al. (1997) examined BMI) and muscle strength of the quadriceps along 

with leisure physical activity (over recent years) in a sample of men aged 21-42 years. 

BMD of the forearm was measured using SPA and BMD of the proximal femur 

(femoral neck, trochanter, and Ward's triangle), lumbar spine, and total body was 

measured using DXA. A statistically significant positive correlation was found with 

leisure physical activity and bone mass at the hip. Specifically, men who participated in 

high levels of leisure physical activity had significantly greater BMD of the hip than 

those who participated in low levels, providing further support for the dose-response 

relationship between leisure physical activity and hip BMD found by Greendale et al. 

(1995). In contrast to the fmdings of Glynn et al. (1995), quadriceps strength was not 

found to be an independent predictor ofBrv.ID at any site after controlling for age and 
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weight in this sample of younger men. Exc~rcise is thought to affect bone through 

compressive strains (i.e. related to ground reaction forces) and tensile strains (i.e. 

related to muscle pull or contraction) (Mayoux-Benhamou et al. 1999; Snow-Harter & 

Marcus, 1991). Perhaps bone was more greatly affected by the compressive strains of 

physical activity in this study or perhaps the types of leisure physical activity 

participated in, subjected bones to greater compressive versus tensile strains. This 

would provide a plausible explanation for why leisure time physical activity had a 

positive association with hip BMD while no association was found for quadriceps 

strength. 

A recent study by Nguyen et al. (2000) examined BMD and physical activity in 

elderly men and women aged 60 or greater. BMD was assessed at the lumbar spine and 

femoral neck using DXA. High physical a(~tivity values were associated with relatively 

physically active lifestyles whereas low physical activity values were associated with 

habitual inactivity. Physical activity and quadriceps strength were both shown to be 

positively associated with BMD at the femtoral neck in men. However, after controlling 

for age, body mass index, and other factors, only quadriceps strength remained 

significant. With respect to lumbar spine BMD, no significant association was observed 

with either physical activity or quadriceps strength before and after adjusting for age, 

body mass index, and other factors. These resuhs parallel the findings ofDuppe et al. 

(1997) at the lumbar spine. Similar to other studies, lumbar spine BMD was actually 

found to increase with advancing age, probably due to the presence of osteoarthritis and 

development of osteophytes (Nguyen et al .. , 2000). Orwoll (1999) defined osteophytes 

as a normal age-related phenomenon in which non-weight·bearing bone is added to the 
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periosteal surface of the vertebral bodies, adding to the vertebral mass without 

increasing bone strength or bone quality. Therefore, osteophytes can artificially elevate 

lumbar spine BMD measurements in elderly men (Nguyen et al., 2000). Results showed 

that the higher degree of osteophytes in m(~n was, in fact, associated with a significant 

increase in lumbar spine BMD. Dennison c!t a1 (1999) made an adjustment for 

osteoarthritis score in their 4-year longitudinal study of men and women aged 60-75 

years. Therefore their results, which controlled for the confounding effects of 

osteophytes on the lumbar spine, showed that men with higher levels of physical 

activity had less bone loss at the lumbar spine. 

Muscle stren~th and recreational exercise were both examined by Snow-Harter 

et al. (1992). A total of 50 men aged 28-51 years had BMD of the lumbar spine, 

proximal femur, whole body, and tibia measured using DXA. Based on an evaluation of 

self-reported activity history over the past year and based on 9 weeks of daily mileage 

tracked by stepmeters, subjects were categorized as exercisers (i.e. participated in 

physical activity at least 2 times/week) or non-exercisers (i.e. did not participate in 

regular physical activity). Results showed BMD was significantly greater at all sites for 

exercisers than non-exercisers, providing additional evidence for the positive effect of 

physical activity on the weight-bearing bones of the skeleton, suggested by Bendavid et 

al. (1996). Snow-Harter et al. (1992) also found exercisers to have significantly higher 

muscle strength than non-exercisers for most of the major muscle groups tested. This is 

an important finding because muscle strength was found to be an independent predictor 

ofBMD. In particular, back extensor strength was the most robust predictor ofBMD at 

all sites measured. The authors suggested that this result is due to the central role that 
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the back extensors play in trunk stabilization during vigorous activities and concluded, 

similar to Glynn et al. (1995), that the effec~t of exercise on BMD may be mediated 

through the mechanical loading that is applied to the bone by muscular action. More 

specifically, the association between muscle strength and BMD is likely due to the 

increased magnitude of loading on the bone by stronger muscles (Snow-Harter et al, 

1992). 

Many of the previous studies sugge:sted the possibility of a site-specific effect of 

physical activity on weight-bearing bones. Therefore, weight-bearing physical activity 

might be more advantageous to bone than non weight-bearing physical activity. 

However, the majority of the previous studies addressed BMD and leisure time physical 

activity rather than specific types ofphysic:al activity. 

Block et al. (1986) addressed this issue by examining the effects of different 

types of physical activity on BMD in men. A total of 46 men between the ages of20-31 

years were recruited with the criteria being a history of vigorous physical activity (i.e. 

participated in vigorous exercise programs for at least two years) or relative 

sedentariness. The men were split into a control group (i.e. not currently involved in a 

regular program of physical fitness) and three exercise groups (i.e. vigorous aerobic, 

vigorous weight-bearing, and combination vigorous aerobic/weight-bearing exercise 

group) based on the physical activity information obtained from the questionnaire. 

Results showed that the exercise groups as a whole had 14% higher vertebral trabecular 

BMD than the control group. Between the exercise groups, men in the combination 

group of aerobic/weight-bearing exercise had the highest bone mineral mass (i.e. 14% 

and 8% greater than the aerobic exercise group and weight-bearing exercise group, 
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respectively) whereas men in the aerobic exercise group had the lowest bone mineral 

mass. Men in the weight-bearing exercise group had bone mineral mass in between the 

other exercise groups. Therefore, it would appear that vertebral BMD in young men 

might be affected by type of physical activity with aerobic/weight-bearing activity 

resuhing in the greatest amount of bone mineral mass. 

These results are supported by Michel et al. (1989) who looked at BMD with 

respect to weight-bearing versus non weight-bearing physical activity (over the previous 

12 months) in an older sample of men and women aged 50 years or greater. Weight

bearing activity was defined as the sum of running, aerobic dancing, and one-half of 

brisk walking whereas non weight-bearing activity was defmed as swimming, cycling, 

and rowing. Results showed weight-bearing activity (up to 400 minutes/week) to have a 

high correlation with BMD of the first lumbar vertebra in men younger than 65 years of 

age. These results paralleled those of Block et al. (1986) as weight-bearing activity was 

shown to have a positive effect on BMD of the spine, however, Michel et al. (1989) also 

showed three men to have low bone density of the first lumbar vertebra despite their 

extremely vigorous exercise (i.e. averaging greater than 400 min/week). Therefore, 

these resuhs suggest a negative effect of over-exercise on bone density. Snow-Harter 

and Marcus (1991) suggested that repetitive strains applied to the bone beyond 

physiological limits could actually lead to damage and eventually fractures. Michel et 

al. (1989) concluded that a threshold of physical activity intensity might exist (in men 

greater than 50 years of age) such that extremely vigorous exercise is actually 

detrimental to lumbar spine BMD. 

Although the studies ofBlock et al. (1986) and Michel et al. (1989) found 
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evidence for the positive results of weight-·bearing exercise on BMD at the spine, one 

limitation was the lack of assessment of additional bone sites. A study by Colletti et al. 

(1989) addressed this issue by examining the effects of muscle-building exercise (for at 

least one year) on BMD of three weight-be~aring sites (lumbar spine, trochanter, and 

femoral neck) using dual photon absorptio:metry and one non-weight-bearing site 

(midradius) using single photon absorptiornetry. A total of 12 men with 50 weight

matched controls (age range of both groups was 19-40 years) were included in the 

study. Results showed BMD in the muscle-building exercise group to be significantly 

higher than the control group at the weight-bearing sites only. 

More recently, a study by Mayoux-·Benhamou et al. (1999) examined BMD of 

the proximal femur (i.e. femoral neck and greater trochanter), in a sample of 69 

exercisers (i.e. participated in high impact weight-bearing exercise for at least 5 years) 

versus 28 controls (i.e. sedentary for at least 5 years). Results showed the exercisers to 

have significantly greater BMD of the proximal femur (p<0.05) in comparison to 

sedentary controls. Therefore, the previous two weight-bearing studies provide support 

for the notion that weight-bearing physical activity affects those bones subjected to 

loading. 

As mentioned previously, exercise is thought to affect the bones of the skeleton 

through compressive or tensile strains. Con1pressive strains are related to gravitational 

or ground reaction forces that are imparted to the skeleton and tensile strains are 

produced by muscle pull or contraction (M[ayoux-Benhamou et al. 1999; Snow-Harter 

& Marcus, 1991 ). Although the exact mechanisms are not known, Snow-Harter and 

Marcus (1991) suggested that loading, through the compressive or tensile strains 
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applied to the skeleton, stimulates remodeling of the bone affecting the shape of the 

bone and possibly its bone density. If a sufficient strain is maintained over time, bone 

will persist in an equilibrium state. However, if the strain is reduced, bone will be lost 

until a new equilibrium state is reached (Snow-Harter & Marcus, 1991). 

Mayoux-Benhamou et al. (1999) examined both the femoral neck and greater 

trochanter bone sites, the latter, which is known to have many points of muscle insertion 

(i.e. hip abductors). Therefore, it is believ€~d that during weight-bearing physical 

activity, the greater trochanter is subjected to tensile strains from the contractions of the 

muscles that are attached to it (i.e. hip abductor muscles). The femoral neck, on the 

other hand, is known to be devoid of musc:ular insertion and is therefore thought to be 

subjected to compressive strains from ground reaction forces that occur during weight

bearing physical activity. Because this study showed exercisers to have greater BMD 

than control subjects at both the femoral neck and greater trochanter, the authors 

concluded that both compressive and tensile forces must be involved in the mechanisms 

by which physical activity positively influences BMD. 

In addition, exercisers were also found to have significantly greater hip 

abduction strength in comparison to control subjects. As was found in the studies of 

Glyrtn et al. (1995) and Snow-Harter et al. (1992) at different muscle sites, hip abductor 

strength was positively associated (p<O.O 1) to BMD at all sites measured. Therefore, 

these results provide support for the view of Glynn et al. (1995) that suggested physical 

activity affects BMD through the loading of bones by muscular contraction. 

A couple of physical activity intervention studies have recently been done 

examining the effect of physical activity training on BMD. Huuskonen et al. (2001) 
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conducted a 4-year intervention to determine if beginning regular aerobic physical 

activity at middle age could diminish age-,related bone loss of the proximal femur and 

lumbar spine in men. A total of140 men (aged 53-62 years) were randomly placed into 

a reference group (i.e. asked to make their own cho~ce whether or not to engage in 

physical exercise) and an intervention group (i.e. participated in a progressive exercise 

training program of low to moderate intensity starting at 30-45 minutes, 3 times/week 

progressing to 60 minutes, 5 times/week over a 4-year period). Although an increase in 

aerobic threshold was observed after the 4-year training period in the intervention group 

as compared to the reference group, there was no difference between the two groups in 

BMD (as measured by DXA) of the lumbar spine or proximal femur. In both groups, 

BMD of the proximal femur significantly decreased with age while BMD of the lumbar 

spine significantly increased with age. The latter is probably a result of age-related 

changes to bone. Specifically, vertebral osteophytes can artificially increase the values 

of lumbar spine BMD (Nguyen et al., 2000). Huuskonen et al. (2001) suggested that this 

could make the lumbar spine an unreliable site for follow-up BMD measurements. 

Based on the results of this study, it appears that starting a low to moderate intensity 

regular exercise program in middle age is too late to prevent age-related bone loss of the 

proximal femur. A study by Nordstrom et al. (1997), mentioned previously, found 

results to suggest the importance of physical activity at an earlier age (i.e. low to 

moderate physical activity was a significant predictor ofBMD at the hip in a group of 

young men with a mean age of24.8 years). 

Kronhed and Moller (1998) also conducted a physical activity intervention to 

evaluate a 1-year weight-bearing training program in middle-aged men and women (i.e. 
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40-70 years of age) with low bone mass. BMD was assessed at the distal radius using 

SPA and at the hip (femoral neck and greater trochanter) and lumbar spine using DXA. 

Subjects volunteered to be a part of the exercise group (i.e. training program designed to 

improve bone mass, muscle strength and flexibility, balance skill, and aerobic capacity 

- 60 minutes, 2 times/week) or the control group (i.e. not willing to change their usual 

amount of physical activity). As was shown by Huuskonen et al. (2001), aerobic 

capacity was significantly increased in the exercise group in comparison to the control 

group. The results showed no significant differences between the two groups after the 

training period with respect to BMD of the radius or femoral neck. However, a 

significant increase (p<0.01) in greater trochanter BMD was found in the exercise group 

from baseline. These results partially support the findings ofMayoux-Benhamou et al. 

(1999) who found weight-bearing physical activity to positively influence BMD ofboth 

the femoral neck and greater trochanter. Because the greater trochanter is the site of 

several muscle attachments and because the femoral neck is the site of no muscle 

attachments (Kronhed & Moller, 1998; Mayoux-Benhamou et al., 1999), the greater 

trochanter may have been positively influenced by the training program in this study, 

which involved a great deal of muscular contractions. Therefore, this may have resulted 

in more tensile strains to the greater trochanter rather than compressive strains to the 

femoral neck resulting in site-specific remodeling of bone at the greater trochanter in 

these subjects. A significant increase in lumbar spine B:MD was observed in the control 

group from ~eline. This fmding is interesting since the control group was not involved 

in the physical activity intervention and therefore would not be expected to show an 

increase in lumbar spine BMD (i.e. due to the lack of mechanical loading on bone). 
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However, similar to Huuskonen et al. (200 1 ), the authors suggested that these results 

should be interpreted with caution, as many of the subjects were greater than 60 years of 

age and therefore susceptible to osteophytes. 

Recently, a meta-analysis examined the effects of exercise intervention on BMD 

in men. Kelley et al. (2000) conducted the meta-analysis and reviewed a total of3,141 

articles. The criteria for inclusion in the meta-analysis were as follows: randomized or 

nomandomized trials that included a comparative non-exercise control group; exercise 

as the only intervention; adult men (mean study age ~ 18 years) as subjects; journal 

articles, dissertations, and masters theses published in the English· language literature; 

studies published and indexed between January 1966 and December 1998; BMD 

assessed; and training studies lasting ~ 16 weeks. Of these articles, only 26 met the 

criteria for inclusion (n=225 men). 

The authors concluded that site-specific exercise might help to increase and 

maintain BMD of the femur, lumbar spine, and os calsis (heel bone) in older men but 

not younger men. The authors provided many reasons why little change was observed in 

BMD of the younger subjects in comparison to the older subjects after exercise 

interventions. One explanation was that the younger subjects might already possess an 

optimal level ofBMD. Since BMD loss generally occurs in the later years versus the 

younger years, perhaps there is less room for BMD improvement in the younger 

subjects. Also, it is possible that more subjects in the older group had been sedentary for 

a longer period of time. Based on the biomechanical properties ofbone described 

previously (Snow-Harter & Marcus, 1991), it is possible that the reduced strain on bone 

(as a result of prolonged inactivity) in older men, resulted in a decreased state of 
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equilibrium for bone. Perhaps a greater change in BMD was observed in older men 

(from exercise interventions) because they had more BMD to gain due to their lower 

equilibrium state of bone. 

Although a difference between older and younger subjects was found with site

specific exercise identified as possibly helping to increase or maintain BMD in older 

men, the authors noted that the changes were small. Therefore, they suggested caution 

in the interpretation oftlte results, as the biological importance might not be large 

enough to recommend exercise alone as an intervention for osteoporosis and low bone 

mass in older men. The authors also discussed two other limitations of the meta-analysis 

being the relatively low quality of the studies that met their criteria and the limited data 

pool that resulted from the few articles that were selected. As a result, Kelley et al. 

(2000) were unable to provide a firm conclusion with respect to exercise for the 

maintenance and/or improvement ofBMD in men. 

In summary, the majority of cross-sectional studies provide evidence of a 

positive relationship between physical activity and BMD, although the specific type, 

duration, frequency, and intensity of physical activity have not been defined (Snow

Harter & Marcus, 1991). Weight-bearing physical activity studies have found a site

specific, positive relationship to BMD affecting the bones that are being loaded by the 

activity. Finally, although the changes were small, the meta-analysis by Kelley et al. 

(2000) provided evidence that site-specific exercise can result in increased BMD in 

,older men. 

Over the years, the idea that mechanical loading (i.e. through physical activity) 

determines bone strength and mass has gained support (Dawson-Hughes, 1995). 

39 



Physical activity is now widely accepted as having a beneficial effect on bone 

(Pettersson et al., 1999). Many of the studies found muscle strength to be greater in 

exercisers versus controls. Since muscle strength was also found to be a significant 

predictor ofBMD, it is possible that the effects of physical activity on bone may be due 

to increased mechanical forces imparted to the bone by greater muscular action. 

Although much research has been conducted examining the specific relationship 

between physical activity and BMD, adjustments for height and weight, two potential 

confounding variables, have not generally been made. Because a significant direct 

relationship between height and weight has been found with BMD of the lumbar spine 

and hip (Edelstein & Barrett-Connor, 1993), future studies examining the effects of 

physical activity on BMD need to control for these two variables in order to rule out 

their effects on BMD. In addition, since bone loss with aging is inevitable in all adults 

(Orwoll, 1999; Snow-Harter & Marcus, 1991), age also needs to be controlled for in 

future studies. 

1.2.9.2 Cigarette Smoking and Bone Mineral Density (BMD) 

Many studies have identified cigarette smoking as a risk factor for low bone 

mineral density (BMD) and subsequent osteoporosis in both men and women. Despite 

the evidence in the literature, the exact physiological consequences of cigarette smoking 

on BMD are still unclear (Egger et al., 1996). Although many cross-sectional studies 

provide evidence to support the negative effect of cigarette smoking on BMD, there is 

also evidence to support the contrary. 

May et al. (1994) investigated 453 older men, aged 65-76 years, to examine the 

40 



relationship of smoking on BMD. Lumbar spine and proximal femur (femoral neck, 

trochanter, and Ward's triangle) BMD were assessed by dual energy x-ray 

absorptiometry (DXA) and smoking was categorized into three groups. Never smokers 

were defined as those individuals who smoked less than 100 cigarettes in their lifetime; 

ex-smokers were defined as those individuals who quit smoking greater than 3 months 

prior to the study; and current smokers were defined as those individuals who currently 

smoked. Resuhs showed no significant relationship between BMD and smoking at any 

site except the trochanter where current smokers had significantly lower BMD as 

compared to never and ex-smokers. However, the significant results disappeared after 

adjusting for weight. Therefore, the authors concluded that cigarette smoking does not 

appear to affect B:MD of the hip or spine in this group of older men. 

Cheng et al. (1993) also examined BMD in relation to smoking in older men and 

women (75 years of age). BMD ofthe right calcaneus (i.e. weight-bearing trabecular 

bone site) was assessed using single photon absorptiometry (SPA). In support of the 

fmdings by May et al. ( 1994 ), results showed no significant differences in BMD 

between current or ex-smokers and non-smokers in either men or women. However, 

among current smokers ofboth sexes, a significant negative correlation was observed 

between BMD and lifelong smoking habit. These results suggest that the number of 

cigarettes smoked over a lifetime may be more important with respect to bone mass 

than current levels of smoking (Cheng et al., 1993). 

Huuskonen et al. (2000) evaluated smoking with respect to BMD of the spine 

and proximal femur (femoral neck, greater trochanter, and Ward's triangle) using DXA. 

A total of 140 men were studied ranging in age from 54-63 years. The results of this 
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study paralleled the findings of May et al. (1994), as smoking (defined as current and 

ex-smoking) was shown to have no effect on BMD of the spine or proximal femur. 

However, the authors noted that only 17% of the sample consisted of current smokers at 

the time of the study, suggesting that this low percentage may have affected the resuhs. 

In a study by Glynn et al. (1995), low statistical power was noted as playing a 

role in possibly hiding a significant association between cigarette smoking and BMD. In 

this study, 523 men with a mean age of 66.6 years had BMD of the proximal femur 

(femoral neck, greater trochanter, and Ward's triangle) measured using DXA. Although 

it was shown that smokers had lower BMD, these results were not significant and the 

authors suggested that this was probably due to the low percentage of smokers (9%) 

compared to past smokers (63%). Bendavid et al. (1996) also had low numbers of 

subjects in their smoking groups. In this investigation of218 men, aged 50-64 years, 

from the Rancho Bernardo Study cohort, cigarette smoking was found to be associated 

with lower BMD at the hip, spine, and forearm however these results were not 

significant after adjusting for age and body mass index (BMI). The authors suggested 

that these results reflected the low number of current smokers in this study along with 

the lower BMI that was observed in smokers compared to non-smokers. 

As mentioned previously, studies have also found evidence to support the 

negative effect of cigarette smoking on BMD, particularly at the proximal femur and 

lumbar spine. Ortego-Centeno et al. (1997) investigated 57 healthy men aged 20-45 

years. Subjects were divided into 3 groups based on smoking status. There was a group 

of non-smokers and two groups of smokers. Smokers were considered to have 

consumed more than 8 cigarettes per day for at least two years and were divided into 
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those who smoked less than 20 cigarettes/day and those who smoked greater than 20 

cigarettes/day. The latter group were considered to be heavy smokers. Unlike some of 

the previous studies that lacked current smokers, more than half of the men in this study 

were smokers (n=31) compared to non-smokers (n=26). The results ofthis study 

showed men who smoked heavily had significantly lower BMD (p<. 05) than non

smokers at the lumbar spine and proximal femur. However, no significant differences 

occurred between smokers of less than 20 cigarettes/day and non-smokers at any site. 

Similar results were found in a recent study by Lunt et al. (200 1) who measured 

smoking (in pack years with one pack year equal to smoking one pack of cigarettes per 

day for one year) in a sample of older men (aged 50-80 years) from the European 

Vertebral Osteoporosis Study. Resuhs from this study showed smoking to be 

significantly associated with lower BMD at both the proximal femur and lumbar spine. 

In addition, a study by Kiel et al. (1996) examined 1164 men and women aged 68 ... 98 

years. Dual photon absorptiometry was used to assess BMD of the proximal femur and 

lumbar spine. This study looked at current smokers, recent smokers (i.e. smoked within 

the last 10 years), and early adulthood smokers (i.e. smoked up to 35 years of age). 

Parallel to the previous two studies, tnale smokers were found to have lower BMD at 

both the lumbar spine and proximal femur (4-15.3% lower BMD). These results were 

independent of when in their lifetime the men smoked, although smoking during early 

adulthood appeared to have less of an effect (4-8% lower BMD). The finding of an 

independent association between smoking during early aduhhood and later life BMD 

suggests that smoking might reduce peak bone mass, however the same effect was 

found for recent smoking, therefore suggesting that other mechanisms are involved 
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(Kiel et al., 1996). 

Although Egger et al. ( 1996) examined both femoral neck and lumbar spine 

BMD, results were only found at the femoral neck with current smokers having 

significantly lower BMD (p<O.OS) in both men (n=224) and women (n=186) aged 61-73 

years. Specifically, femoral neck BMD was found to be 7.3% lower in men who 

smoked and 7. 7% lower in women who smoked. This study also found that each decade 

of smoking was associated with a loss ofBMD at the lumbar spine and femoral neck in 

men. All of the results in men remained significant after controlling for potential 

confounding variables including age, height, and weight. Therefore, these results, along 

with the findings of Kiel at al. ( 1996), suggest the possibility of a dose-response 

relationship between BMD loss and smoking such that the longer an individual smokes, 

the greater the detriment to BMD of the hip and spine. 

Many longitudinal studies have also examined the relationship between cigarette 

smoking and BMD. A study by Hollenbach et al. (1993) investigated 544 men and 822 

women (greater than 60 years of age) from the Rancho Bernardo Heart and Chronic 

Disease Study and conducted a follow-up after 16 years. BMD was assessed at the 

lumbar spine and hip (femoral neck, greater trochanter, and intertrochanter) using DXA 

and at the forearm ( midshaft radius and ultradistal radius) using SPA. Results showed 

men who were smokers at baseline had significantly lower BMD (p<0.01) ofthe hip 

(i.e. femoral neck and intertrochanter). However, BMD of the greater trochanter, lumbar 

spine, and forearm sites were not significantly different based on smoking status in 

men. 

Other longitudinal studies provide support for a negative effect of smoking on 
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BMD at the hip, however, the specific region of the hip affected differs from study to 

study. Burger et al. (1998) followed 1856 men and 2452 women from the Rotterdam 

Study (aged 55 years or greater) for 2 years. BMD was assessed at the proximal femur 

(femoral neck, Ward's triangle, and greater trochanter) using DXA. In men, increasing 

body mass index was significantly associated with decreasing rate of bone loss and 

aging was significantly associated with increasing bone loss (up to 80 years of age). 

Therefore when analyzing the results for cigarette smoking and BMD, adjustments were 

made for body mass index and age. Similar to the previous study, the current study 

found a negative effect of cigarette smoking at the femoral neck, specifically a 

significantly higher rate of bone loss at the femoral neck was observed in smokers. 

Further evidence for the negative effect of smoking on hip BMD was found by 

Hannan et al. (2000) who studied 800 men and women (mean age of74 years) from the 

Framingham Osteoporosis Study. Subjects were followed up after 4 years and BMD 

was assessed at the proximal femur (femoral neck, greater trochanter, and Ward's 

triangle) and lumbar spine through DXA and at the radius through SPA. Results showed 

that men who were current smokers at baseline lost more BMD (p=0.02) at the 

trochanter, over the 4-year period, than never smokers. 

Similar to the longitudinal studies of Hollenback et al. (1993) and Hannan et al. 

(2000), a 4-year longitudinal study by Dennison et al. (1999) also examined BMD of 

the proximal femur (total hip, femoral neck, intertrochanter, trochanter, and Ward's 

triangle) and lumbar spine. This study consisted of 173 men (i.e. 18% never smokers, 

63% ex-smokers, and 18% current smokers). Unlike the previous two studies, results 

showed that cigarette smoking was detrimental to BMD of both the femoral neck and 
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lumbar spine in men (aged 60-75 years at baseline), with bone loss rates being higher in 

men who smoked. These results support the findings of the cross-sectional studies by 

Kiel et al. (1996), Ortego-Centeno et al. (1997), and Lunt et al. (2001) all ofwhich 

found cigarette smoking to negatively affect BMD of both the proximal femur and 

lumbar spine. 

Slemenda et al. (1992) examined bone mass measurements of the radius in 111 

male twins (i.e. 46 pairs and 15 men whose twin brothers where deceased or seriously 

ill). This cohort was followed over a 16-year period. At baseline, mean age of the cohort 

was 47 and at follow-up the mean age was 63. The results showed men who smoked 

cigarettes lost more bone (at the radius) over the 16-year period than non-smokers (i.e. 

0.104 glcm and 0.072 glcm respectively,p=0.03). In support of the results found by 

Cheng et al. (1993), men who smoked more than 2 packs of cigarettes per day (i.e. 

heavy smokers) lost even more bone during the same time period (i.e. 0.114 g/cm). 

These results point to a possible dose-response relationship between smoking and BMD 

and parallel the findings of Ortego-Centeno et al., (1997) suggesting that heavy 

smoking may be more detrimental to bone. 

In the same study, Slemenda et al. (1992) also examined a subset ofthe male 

twins whose smoking habits differed by at least 10 cigarettes per day. A total of22 pairs 

of twins were studied and in 18 pairs, results showed that men who smoked more 

cigarettes per day lost more bone than those who smoked less (p=O.OOS) over the 16-

year period. Similar to the previous results from this study, the current results also 

suggest a dose-response relationship between smoking and bone loss at the radius such 

that the more an individual smokes, the greater the loss. This finding provides 
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additional evidence for the cross-sectional fmdings ofK.iel et al. (1996) and Egger et al. 

(1996) that suggested a dose-response relationship existed between smoking and BMD 

of the hip and spine. 

A recent meta-analysis by Ward and Klesges (2001) examined the effects of 

cigarette smoking on BMD in men and women. A total of 86 independent studies with 

40,753 subjects (i.e. 30,293 women and 10,460 men) were included in the meta

analysis. Analyses were conducted on combined bone sites (i.e. created by averaging all 

bone sites within each study) and at the lumbar spine, hip, os calsis (heel bone), and 

'forearm. The resuhs provided evidence of an independent negative effect of cigarette 

smoking on bone mass of the lumbar spine, hip, and forearm, as smokers were found to 

have a greater rate of bone loss in comparison to non-smokers (i.e. never or former 

smokers) even after controlling for weight differences between smokers and non

smokers. This effect was most pronounced at the hip site with the bone mass of current 

smokers being almost one-third of a standard deviation below that of non-smokers. 

Similar results were found when comparing ever smokers to never smokers, however, 

no significant difference was found at the lumbar spine. 

This study also found a negative correlation between smoking dose (i.e. pack

years, cigarettes smoked/day, number of years smoked) and BMD ofthe combined bone 

sites, lumbar spine, hip, os calsis (heel bone), but not the forearm. The results were 

unchanged after controlling for age and body mass, however, the negative correlation 

between smoking dose and BMD was most pronounced at the combined sites and hip 

when adjusted for these two factors. The lack of a result at the forearm might have 

occurred due to the type of bone that exists at this particular site, consisting primarily of 
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cortical bone. Since trabecular bone responds more rapidly to factors that negatively 

affect bone (Avioli, 2000; Lane et al., 1996) and is remodeled more quickly than 

cortical bone, perhaps smoking is having more of a systemic affect on bone, therefore 

resulting in a greater negative effect on trabecular bone sites versus cortical bone sites. 

The effects of smoking on bone mass were found to be related to age for 

combined bone sites and this effect was most pronounced in older individuals (greater 

than 60 years of age) whereas no significant effects were observed for those individuals 

younger than 40 years of age. Since the effects of smoking on bone are thought to be 

cumulative, this result was not surprising as total smoking exposure in older smokers is 

most likely greater than that of younger smokers (Ward & K.lesges, 2001). 

In summary, there is mounting evidence for the detrimental effect of cigarette 

smoking on bone, making it a risk factor for osteoporosis. However, the nature and 

magnitude of this relationship is still not clear (Ward & K.lesges, 2001). Many factors, 

by which cigarette smoking is thought to affect BMD have been reported in the 

literature. 

One factor that has been mentioned in the literature is body weight. In genera~ 

smokers have typically been shown to be leaner (i.e. less obese) than non-smokers and 

therefore, the BMD of non-smokers is thought to be protected by greater body mass (i.e. 

due to higher mechanical loading) (Hollenbach et al., 1993; May et al., 1994; Mundy, 

1999). Specifically, the findings of cross-sectional studies have shown smokers to 

weigh approximately 5-10 pounds less than non-smokers of comparable age and height 

(Rigotti, 1989). In contrast to these findings, the meta-analysis by Ward and Klesges 

(2001) found no evidence to support the notion that the effects of smoking on bone 
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mass are attributable to body mass differences between smoking status groups. 

Smokers have also typically been shown to be less physically active than non

smokers and therefore, the BMD of non-smokers is thought to be protected by greater 

muscle strength (Chumlea & Shumei, 1999; Hollenbach et al., 1993). However, the 

resuhs from the meta-analysis of Ward and Klesges (2001) found no support for the 

potential confounding effects of physical activity on the relationship of smoking to bone 

mass. 

The literature is unclear whether smoking potentially hinders the attainment of 

peak bone mass or increases bone loss later in life (Ward & Klesges, 2001). It is 

possible that smoking exerts its effect on bone by reducing peak bone mass as was 

suggested by Kiel et al. (1996) due to their findings of an independent association 

between early adulthood smoking and later life BMD. However, since the same study 

showed a stronger effect for current smoking versus early adulthood smoking on BMD, 

other unknown mechanisms must be involved. Ward and Klesges (2001) found 

evidence of the effects of smoking on bone mass being most pronounced in individuals 

greater than 60 years of age whereas no effects were observed in individuals younger 

than 40 years of age. Therefore, these results provide additional evidence to discount 

the negative effect of smoking on peak bone mass, suggesting that the effect of smoking 

on bone mass is cumulative (Ward & Klesges, 2001 ). 

Jackson and Kleerekoper (1990) suggested that smoking might affect bone by 

decreasing testosterone levels in men or by reducing gastrointestinal calcium absorption 

in both men and women Krall and Dawson-Hughes (1999) examined the relationship 

of smoking to rates of BMD change and to intestinal calcium absorption in 402 men and 
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women (aged 65 years or older) in a 3-year placebo-controlled study of calcium and 

vitamin D supplementation. BMD was assessed at the femoral neck, lumbar spine, and 

total body using DXA. Results showed, in both men and women, that annualized rates 

ofBMD loss were higher in smokers than non-smokers at the femoral neck and total 

body but not the lumbar spine. After adjustment for age, gender, supplementation status, 

dietary calcium intake, and vitamin D intakes, results showed calcium absorption 

fractions to be lower in smokers than non-smokers with heavy smokers (at least 20 

cigarettes/day) found to have the lowest mean calcium absorption fractions. Therefore, 

these results suggest that smokers do not absorb dietary or supplemental calcium as 

efficiently as non-smokers. However, the authors stated that the mechanisms by which 

lowered calcium absorption in smokers contributes to an increased rate of bone loss are 

not fully understood. 

Cigarette smoking has widespread effects on the body that can possibly decrease 

calcium absorption and independently influence bone metabolism (Krall & Dawson

Hughes, 1999). Therefore, the authors concluded that reduced calcium absorption is not 

likely the only factor accounting for the total differences seen between smokers and 

non-smokers. Interestingly, the meta-analysis by Ward and Klesges (2001) found no 

support for calcium intake as a potential confounder for the effects of smoking on bone 

mass. 

Therefore, Ward and Klesges (2001) concluded that more research is needed to 

determine if any ofthese physiological mechanisms are involved in the effects of 

smoking on bone mass. As was mentioned for. future studies examining physical 

activity, it is important for future studies examining the effects of cigarette smoking on 
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BMD to consider the potential confounding variables of height, weight, and age since 

these variables are all known to have relationships with BMD and therefore, it is 

necessary to control for their potential effects on BMD. 

In summary, the literature on the effects of physical activity and cigarette 

smoking on BMD in men have generally shown physical activity to have a positive 

relationship with BMD and cigarette smoking to have a negative relationship with 

BMD, although the evidence is limited. A number of studies around the world have 

investigated the risk factors for low BMD and osteoporosis in populations from their 

respective countries (i.e. mainly women), however, no national studies have ever been 

conducted in Canada until very recently. The Canadian Multicentre Osteoporosis Study 

(CaMOS) (see section 2.2.1 for more information) provided a unique opportunity to 

investigate BMD and risk factors for osteoporosis in a sample of Canadian men. 

1.3 Statement of the Purpose and Hypotheses 

1.3.1 Purpose 

The purpose of this study was to investigate the relationship of physical activity energy 

expenditure and cigarette smoking consumption to bone mineral density of the lumbar 

spine and femoral neck after adjusting for age, height, and weight in Canadian men. 

1.3.2 Hypotheses 

1. Physical activity energy expenditure will positively influence bone mineral density 

of the lumbar spine and femoral neck beyond the influence of the co variates (age, 

height, and weight). 
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2. Cigarette smoking consumption will negatively influence bone mineral density of 

the lumbar spine and femoral neck beyond the influence of the covariates (age, 

height, and weight). 

3. An interaction will exist between physical activity energy expenditure (P AEE) and 

cigarette smoking consumption (CSC) such that the negative influence of CSC will 

be greater than the positive influence ofPAEE on bone mineral density of the 

lumbar spine and femoral neck. 

1.3.3 Justification for the Purpose and Hypotheses · 

Fractures of the hip and spine are the most devastating results of osteoporosis 

(Glaser & Kaplan, 1997). In Canada (1993), osteoporosis related hip fractures in men 

and women accounted for the 1argest proportion of hospitalizations and hospitalization 

days (i.e. 68% and 75% respectively) (Goeree et al., 1996). Osteoporosis related 

vertebral fractures in men and women accounted for the second largest proportion of 

hospitalizations and hospitalization days (i.e. 19% and 17% respectively) (Goeree et al., 

1996). With all the evidence pointing towards spine and hip fractures, it is not 

surprising that the spine and hip are the first and second most frequently studied skeletal 

sites for bone mineral density (BMD) research (Blake et al., 1999). Of the different hip 

sites, the femoral neck accounts for 63% of all hip fractures and is therefore arguably 

the most important predictor ofhip fracture (Blake et al., 1999). Therefore, the 

examination of lumbar spine and femoral neck BMD for' this thesis was chosen based 

on the evidence related to osteoporotic fractures observed at these two sites. 

Hypotheses 1 and 2 were determined based on the separate literature reviews for 
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physical activity and cigarette smoking, which generally show that smoking has a 

negative effect and that physical activity has a positive effect on BMD. As for 

Hypothesis 3, there is a lack of literature investigating the interaction of physical 

activity and cigarette smoking in men. However, it is plausible that an interaction exists 

based on the evidence that a relationship seems to exist between these two variables 

such that smokers tend to be less physically active than non-smokers (Chumlea & 

Shumei, 1999; Egger et al., 1996; Hollenbach et al., 1993). 

Although the precise mechanisms of the effects of physical activity (Lane et al., 

1996; Snow Harter & Marcus, 1991) and smoking (Egger et al., 1996) on BMD remain 

to be explained, the literature around cigarette smoking and the negative association

with BMD appears to be stronger. This is due to the fact that the literature shows 

different types of smokers (i.e. current and ex-smokers), smoking during different times 

in the lifespan {i.e. early adulthood and recent smoking), smoking dose (i.e. amount of 

cigarettes smoked), and length of time smoking (i.e. years smoked) to all have negative 

associations with BMD of different sites (Burger et al., 1998; Cheng et al., 1993; 

Dennison et al., 1999; Egger et al., 1996; Hannan et al., 2000; Hollenbach et al., 1993; 

Kiel et al., 1996; Krall & Dawson-Hughes, 1999; Lunt et al., 2001; Ortego-Centeno et 

al., 1997; Slemenda et al., 1992). In addition, a recent meta-analysis by Ward and 

Klesges (200 1) found smoking to have an independent, dose-dependent effect on bone 

loss. 

Although the literature suggests a positive association between regular physical 

activity and BMD, the evidence appears to be slightly less convincing than that of 

cigarette smoking. The literature shows different types of physical activity (i.e. 

53 



leisure/recreational, aerobic, and weight-bearing physical activity); physical activity 

intensity (i.e. low, moderate, and vigorous intensity); physical activity during different 

times in the lifespan (i.e. current, lifetime, and historical physical activity); to all have 

positive associations with BMD of different sites (Bendavid et al., 1996; Block et al., 

1986; Coletti et al., 1989; Duppe et al., 1997; Glynn et al., 1995; Greendale et al., 1995; 

Kronhed & Moller, 1998; Lunt et al., 2001; Mayou-Benhamou et al., 1999; Michel et 

al., 1989; Nordstrom et al., 1997; Snow-Harter et al., 1992). However, the type, 

duration, frequency, and intensity of exercise that is most beneficial to bone density ar~ 

still unknown (Snow-Harter & Marcus, 1991). 

In summary, the evidence ofthe negative association of cigarette smoking and 

BMD appeared to be stronger than that of the positive association of physical activity 

and BMD. This was reflected in Hypothesis 3 by stating that the negative influence of 

cigarette smoking consumption would be greater than the positive influence of physical 

activity energy expenditure on BMD of the lumbar spine and femoral neck. In other 

words, it is expected that the relationship between physical activity energy expenditure 

and the dependent variables (femoral neck and lumbar spine BMD) will depend on the 

level of cigarette smoking consumption (i.e. for a given level of physical activity energy 

expenditure, lumbar spine and femoral neck BMD would be expected to be higher in 

non-smokers and lower in smokers). 
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CHAPTER2 

2.1 Methods 

2.1.1 Introduction 

The current study involved a secondary analysis of data from the Canadian 

Multicentre Osteoporosis Study (CaMOS). Therefore, CaMOS researchers had already 

completed certain methods and procedures prior to making the raw data available for 

analysis by others. In order to address the CaM OS methods and procedures along with 

those undertaken to examine the purpose and hypotheses of the current study, this 

chapter has been divided into different sections. The ftrst section of this chapter (see 

section 2.2) is dedicated to the CaM OS methods and procedures. The second section 

(see section 2.3) is dedicated to the procedures and methods undertaken in the current 

study. In addition, a final section (see section 2.4) describes preliminary analyses (i.e. 

data screening) that were performed prior to the regression analyses. 

2.2 CaM OS Procedures 

2.2.1 CaM OS Study Design 

The Canadian Multicentre Osteoporosis Study (CaM OS) is a population-based 
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prospective study to determine the extent of osteoporosis and the risk factors for 

osteoporotic fractures in men and women in Canada (Tenenhouse et al., 1997). CaMOS 

is the only national osteoporosis study ever undertaken in Canada (Kreiger et al., 1999) 

and was originally funded by the National Health Research Development Program 

(Tenenhouse et al., 2000). 

2.2.2 CaMOS Subjects 

Male and female participants were recruited from nine centres covering seven 

geographical regions across Canada: British Columbia (Vancouver), Alberta (Calgary), 

Prairie region (Saskatoon), Southern Ontario (Kingston), Eastern Ontario {Toronto, 

Hamilton), Quebec (Quebec City), and Atlantic region (Halifax, St. John's) (CaMOS 

Protocol, 1995; Jackson et al., 2000; Kreiger et al., 1999; Tenenhouse et al., 2000). All 

participants were non-institutionalized Canadians aged 25 years or greater residing 

within 50 kilometers of one ofthe nine CaMOS study centres (Cadarette et al., 1999; 

CaMOS Protocol, 1995; Jackson et al., 2000; Kreiger et al., 1999; Tenenhouse et al., 

2000). This area encompassed both rural and urban areas (Jackson et al., 2000; 

Tenenhouse et al., 2000) with the exception of Toronto and Vancouver, which included 

an almost exclusive urban population (Tenenhouse et al., 2000). The inclusion criteria 

encompassed approximately 37% of the adult residents living in Canada (Cadarette et 

al., 1999; CaMOS Protocol, 1995; Jackson et al., 2000; Tenenhouse et al., 2000). 

2.2.2.1 Recruitment 

To detepnine the eligible -participants, a list of all the postal codes corresponding 
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to each study centre and its surrounding area (ie. SO km) was provided to Info Direct 

(Bell Canada) (Kreiger et al., 1999). Info Direct then generated a residential telephone 

subscriber list (within the specified postal code areas) including a random sample of 

telephone numbers along with the corresponding addresses and names (CaMOS 

Protocol, 1995; Kreiger et al., 1999; Tenenhouse et al., 2000). Through this process, all 

potential respondent households were identified, then sent an introductory letter and 

CaMOS informational brochure (CaMOS Protocol, 1995; Kreiger et al., 1999) 

informing them about the objectives of the study, requesting their participation in the 

study, and advising them that a member of the research team would be contacting them 

by phone (CaMOS Protocol, 1995). All written communications, including the

introductory letter, were provided in English for all nine centres as well as French for 

Quebec (Kreiger et al., 1999). The pilot study demonstrated a need to also include the 

Chinese language (Tenenhouse et al., 2000). Therefore, all information was provided in 

Chinese as well as English in both Vancouver and Toronto (i.e. the two centres with the 

largest Chinese population) to those households with a recognizably Asian name 

(Kreiger et al., 1999; Tenenhouse et al., 2000). 

2.2.2.2 Cohort Selection and Eligibility 

Telephone interviews were conducted with the telephone subscriber to sample 

the household for cohort inclusion (Kreiger et al., 1999). The telephone contact and 

recruitment protocol was based on Centres for Disease Control and National Centre for 

Health Statistics procedures originally developed in the U.S. (CaM OS Protocol, 1995). 

These procedures ensure that all working household telephone numbers have an equal 
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opportunity of being called when somebody is occupying the home (CaM OS Protocol, 

1995). Each household was called up to 12 times, on different days and at different 

times of the day. Those households that were not reached after 12 calls became non

responders. Once telephone contact was made with an individual in the household, an 

enumeration was conducted to determine all the eligible members in the household for 

the cohort (Kreiger et al., 1999). Based on the household enumeration, the interviewer 

randomly selected one cohort participant from a random numbers table designed for the 

specific number of eligible participants in the household (i.e. if a household had ~'x" 

members, a random number was chosen from 1 to x, and that number became the 

individual selected for the household) (Kreiger et al., 1999). 

Eligibility was based on a predefined age-sex-geographical region-calendar 

period sampling frame, which ensured the necessary enrollment numbers for each 

stratum in all of the nine study centres (Kreiger et al., 1999). The original sampling 

frame did not include calendar period, but it was added after a pilot study showed that 

younger subjects were being recruited faster than older subjects (Kreiger et al., 1999). 

This would have posed a problem due to the length of time (i.e. 18 months) during 

which the cohort was assessed (Kreiger et al., 1999) since bone mineral density has 

been shown to vary by season (Tenenhouse et al., 2000). Furthermore, levels of 

physical activity, exposure to sunlight, and possibly many other variables are affected 

by seasonal variation (Tenenhouse et al., 2000). This would result in problems 

comparing lifestyle habits or variables related to bone between younger subjects and 

older subjects due to the possibility of seasonal variation (Kreiger et al., 1999). 

Therefore, the addition of calendar year as a stratum was necessary to ensure equal 
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recruitment of subjects in all age groups throughout the year (Tenenhouse at al., 2000). 

Once a participant was selected out of the household, if they did not speak 

English, French or Chinese, the household was considered ineligible (Kreiger et al., 

1999). However, all selected individuals fluent in English, French, or Chinese were 

invited to participate in the study (Cadarette et al., 1999). If the selected individual did 

not wish to participate fully in the study, the household was categorized as a refusing 

household (i.e. no other members of the house were selected) (Kreiger et al., 1999). 

Those participants were then asked if they were willing to respond to a one-page 

questionnaire (i.e. Brief Questionnaire or Refusal Questionnaire) which addressed some 

of the major risk factors for osteoporosis such as age, sex, race, fracture history, family 

history of osteoporosis, and current cigarette smoking status (Kreiger et al., 1999; 

Tenenhouse et al., 2000). This questionnaire was designed to allow for the partial 

characterization of non-responders so that statistical measures could be taken to account 

for possible non-response bias (CaMOS Protocol, 1995; Tenenhouse et al., 1997). 

2.2.2.3 Sample Size and Justification 

The calculated sample size was designed to ensure a sufficiently large sample 

size within each strata (mainly age groups, sex, and geographic region) for accurate 

estimation of all the important parameters measured in the CaM OS study and for 

adequate statistical power to test all the important hypotheses ofCaMOS (CaMOS 

Protocol, 1995; Kreiger et al., 1999; Tenenhouse et al., 1997; Tenenhouse et al., 2000). 

The main objectives of the CaMOS study were to obtain accurate estimations of the 

following: prevalence and incidence of fractures due to osteoporosis in subjects aged 50 
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years or greater, regional variation in osteoporosis related events, mean DXA and 

ultrasound measurements, and estimates of the rate of bone loss over time for the 

determination of risk factors for low bone mass and fractures (CaMOS Protocol, 1995; 

Kreiger et al., 1999; Tenenhouse et al., 1997). The final sample size for each stratum 

was the maximum of the individual sample sizes estimated for each of the objectives of 

the study (CaMOS Protocol, 1995; Kreiger et al., 1999). 

In order to meet the above criteria, "stratum-specific sample size requirements 

were calculated for the main objectives of the study, based on a power of80% and a 

probability ofType I error fixed at 5%" (Jackson et al., 2000, p. 681). Since the 

prevalence of fractures increases with age and is believed to be higher in females, a 

greater proportion of older versus younger and female versus male subjects were 

required out of the total sample size (CaMOS Protoco~ 1995; Kreiger et al., 1999). 

Therefore, older women represented the largest strata (Kreiger et al., 1999). 

The total sample size estimated to meet the requirements of the CaM OS study 

was determined to be 8774 (CaMOS Protocol, 1995; Jackson et al., 2000) with a 

breakdown of6184 women and 2590 men (Tenenhouse et al., 2000). A total of9423 

individuals (ie. 6539 women and 2884 men) aged 25 to 97 years participated in the 

CaMOS study, therefore surpassing the sample size that was estimated to meet the 

requirements of the study (Tenenhouse et al., 2000). The sample was evenly distributed 

with approximately 1000 subjects recruited in each of the nine centres (CaMOS 

Protocol, 1995; Kreiger et al., 1999) (see Appendix B for the distribution of subjects 

across all centers). 

60 



2.2.3 CaM OS Baseline Assessptent Requirements 

Baseline data collection at cohort entry included the completion of an in-person 

interviewer-administered questionnaire (regarding the major risk factors for 

osteoporosis), two health questionnaires [a health status assessment developed at 

McMaster University and the RAND Institute (SF-36)], and the Mini-Mental State 

Examination (for those subjects aged 65 years or greater) (Kreiger et al., 1999). A 

number of physical measurements were performed at baseline including bone mineral 

density, ultrasound, x-rays, height and weight (Kreiger et al., 1999; Tenenhouse et al., 

1997). 

2.2.3.1 Interviewer-Administered Questionnaire 

The interviewer-administered questionnaire (IAQ) is an extensive questionnaire 

mainly on the major risk factors for osteoporosis (Cadarette et al., 1999). This 

questionnaire covered the following areas: socio-demographic information (age, sex, 

ethnicity, place of residence); anthropometric information (reported height and weight); 

medical history (medical conditions, surgery); prescription and non-prescription 

medication use in the past year (including treatments for osteoporosis); reproductive 

history (both men and women); fracture history; family history (fracture history and 

diagnosis of certain diseases including osteoporosis); current dietary intake of foods, 

beverages, and supplements (calcium, vitamin D, caffeine, and alcohol intakes); past 

dietary practices; current leisure time and occupational physical activity; active and 

passive tobacco smoke exposure; sunlight exposure; and administrative data (address 

and telephone number of next-of-kin or other follow-up contacts, anticipated periods of 
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absence) (Cadarette et al., 1999; Kreiger et al., 1999; Tenenhouse et al., 2000). 

2.2.3.2 Physical Measurements 

The physical measurements of height and weight were obtained during the visit 

to the clinic in all participating subjects (Kreiger et al., 1999; Tenenhouse et al., 1997). 

In the CaMOS study, BMD of the lumbar spine (mean Ll-L4) and proximal femur 

(femoral neck, Ward's triangle, and trochanter) were assessed (Kreiger et al., 1999). 

DXA measures both bone mineral content (g) and bone mineral density (g!cm2
) of a 

given site (Chumlea & Shumei, 1999). Bone mineral content is a measure of the amount 

·of mineral in a defined region ofbone, whereas areal bone mineral density is bone 

mineral content divided by the area of bone measured (Orwoll, 1999). Since bone 

mineral content is directly related to body size, it is important to correct this measure for 

skeletal size, therefore providing a measure ofBMD (Chumlea & Shume~ 1999). 

Two different models of densitometers were used in the CaMOS study (i.e. 

DXA Hologic QDR and Lunar DPX densitometry) (Berger et al., 2000). A total of five 

different instruments were used within the two models of densitometry (Berger et al., 

2000) (see Appendix C for the densitometry instruments used at each centre). Since 

bone mineral density values were measured using five different instruments, across all 

centers, the resulting values could not be directly compared to each other (Berger et al., 

2000). Therefore, CaM OS created new variables for lumbar spine and femoral neck 

bone mineral density, which were determined using cross-calibration formulae and 

correction factors (Berger et al., 2000). These new variables allowed for the comparison 

of lumbar spine and femoral neck bone mineral density across centres. Although 
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CaMOS created new variables for Ward's triangle and trochanter bone mineral density 

based on correction factors, to date, no cross-calibrations have been performed for these 

two sites (Berger et al., 2000). 

2.2.4 CaM OS Baseline Data Collection 

Baseline data collection took place over an 18-month period (Kreiger et al., 

1999) from February 1996 to September 1997 (Tenenhouse et al., 2000). Data 

collection was completed in one session for most participants, however, a small number 

of subjects required two sessions to complete all ofthe baseline requirt(ments (Kreiger 

et al., 1999). In these cases, the second session was required to occur within three 

months of the initial session, so that all the data collected for these subjects could be 

assumed to refer to a single point in time (Kreiger et al., 1999). 

2.2.5 CaM OS Consent Forms and Study Approval 

All participating subjects signed and completed consent forms agreeing to 

complete the interviewer-administered questionnaire and health status questionnaires 

and agreeing to partake in the physical measurements described earlier (CaMOS 

Protoco~ 1995). Included in the consent form was information on the potential 

benefits/risks of the study to the participant and to society as a whole (CaMOS Protoco~ 

1995). In addition, the participants were informed that they had the right to withdraw 

from the study at any time (CaMOS Protocol, 1995). 
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2.2.6 CaMOS Participation Rate 

The total participation rate for the study was 71.6% including 42% (n = 9,423) 

full participants who participated in both the questionnaires and the physical 

measurements and 29.6% (n = 6,645) partial participants who refused full participation 

but responded to the brief telephone questionnaire (Kreiger et al., 1999). A total of 

28.4% (n = 6,368) refused both full and partial participation (Kreiger et al., 1999). In

addition, some subjects were partial participants who completed the interviewer

administered questionnaire but did not want to partake in the physical measurements 

(Kreiger et al., 1999). 

It is apparent from the literature that response rate is inversely related to the 

extent of subject participation (Kreiger et al., 1999). Due to the extensiveness of the 

measurements (i.e. both questionnaires and physical measurements) required by the full 

participating subjects, CaM OS feh that the participation rate was the highest possible 

(Tenenhouse et al., 1997). The response rate ofCaMOS was much better than that 

reported by O'Neill et al. (1995) for the European Vertebral Osteoporosis Study (i.e. 

49.2%) (Kreiger et al., 1999). Tenenhouse et al. (2000) stated that the participation rate 

"compares very favourably to the resuhs obtained in most osteoporosis population 

surveys and is better than that achieved in any large random population study in 

osteoporosis reported to date" (p. 203). 

2.2.7 CaMOS Data Management 

All data from each of the nine study centers was collected following the same 

protocol (Cadarette et al., 1999). Recruitment began in February 1996 and between this 
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time and March 1996, every study centre was visited to ensure compliance to the 

protocol (Kreiger et al., 1999). The Uniform Clinical Data Set System, a database 

computer program was installed on a computer at all of the nine centers to allow for 

electronic collection of data (CaM OS Protocol, 1995). Since this system is password 

controlled, unauthorized individuals were not able to access the data and therefore, the 

security of the data was ensured (CaMOS Protocol, 1995). This program was also 

capable of encrypting data and backing it up on floppy disks for mailing (CaMOS 

Protocol, 1995). 

Data from each study centre was eventually sent to the data management centre 

in Kingston, for data entry and coding, either electronically through the computer or via 

mail/courier in the form of floppy disks (CaMOS Protocol, 1995; Kreiger et al., 1999; 

Tenenhouse et al., 2000). This central location was set up to allow for data quality 

control and frequency checks (CaMOS Protocol, 1995) with results revealing data entry 

errors rates to be less than 1 percent (Kreiger et al., 1999). Once the data were entered 

and coded in Kingston, they were eventually sent electronically to the National Centre 

in Montreal which included both the central coordinating centre and the data analysis 

C<;!ntre (Kreiger et al., 1999; Tenenhouse et al., 2000). 

2.3 Thesis Procedures 

2.3.1 Introduction 

For the purposes of this thesis, cross-sectional baseline data from the CaMOS 

study were used to investigate the lifestyle factors of physical activity and cigarette 

smoking and their relationship to bone mineral density of the lumbar spine (L1-L4) and 
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femoral neck in men. Specifically, only data from the interviewer-administered 

questionnaire [i.e. current leisure time physical activity and active tobacco smoke 

exposure (i.e. cigarette smoking) data] were used along with the physical measurement 

data of bone mineral density (i.e. lumbar spine and femoral neck sites only), height, and 

weight. A total of 2884 male subjects were available for analysis, however some 

subjects were eliminated after preliminary analyses (see section 2.4 for a complete 

description of these analyses), therefore the number of subjects was reduced to a total of 

2565 men aged 25 to 96 years (original sample ranged in age from 25-97 years). 

In order to obtain ·access to the CaM OS data, a research proposal was submitted 

. to the CaM OS group detailing the specific interests and outlining the types of analyses 

that would be performed on the data set, upon acceptance of the proposal. After a 

review, the CaM OS group officially accepted the research proposal and provided the 

raw data in SAS format. The data were then transferred into a FileMaker database, 

which allowed for organization of the raw data in a manner that would allow for simple 

data analysis in SPSS. Calculations on the raw physical activity and cigarette smoking 

data from the interviewer-administered questionnaire were required to obtain the final 

variables for analysis. Once all of the calculations were completed, the data was 

transferred to SPSS via Microsoft Excel. Final data analysis was completed in SPSS 

(version 10.0) for Advanced Statistics. The specific procedures undertaken on the raw 

physical activity and cigarette smoking data are outlined below. 
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2.3.2 Measures 

2.3.2.1 Physical Activity Energy Expenditure 

Current leisure time physical activity was assessed through the interviewer

administered questionnaire (IAQ) (see Appendix D for the current leisure physical 

activity section of the IAQ). Physical activity was divided into strenuous sports, 

vigorous work, and moderate activity. Subject~ were asked to report, on average, during 

the last year, how many hours in a week that they spent in each of these activities. 

Subjects checked one of 8 responses (ranging from ''Never" to "31 +" hours per week) 

that best reflected the hours per week of physical activity performed in strenuous sports, 

vigorous work, and moderate activity. 

Based on the range of hours presented in the IAQ, it was necessary to calculate 

the average hours per week for each of the 8 responses in the IAQ (see Appendix E). 

Therefore, for each subject, an average value (in hours/week) was available for 

strenuous sports, vigorous work, and moderate activity. A summary estimate of energy 

expenditure was then derived for each of the 3 physical activity categories by 

multiplying the average hours/week of reported activity (in each category) by the 

average intensity, expressed as metabolic cost or METs (for each category). 

The MET is simply a ratio of working metabolic rate (i.e. during exercise) to 

resting metabolic rate (i.e. sitting quietly) (Sallis et al., 1985). The body consumes 

oxygen during physical activity and the total amount consumed is directly proportional 

to the energy expended during physical activity (Wilmore & Costill, 1994). One MET 

represents the metabolic rate of an individual at rest and for the average adult is equal to 

3.5 ml of oxygen consumed per kilogram body mass per minute (ml/kg/min) or 1 kcal 
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per kilogram body mass per hour (kcal/kglhr) (Ainsworth et al., 1993; Wilmore & 

Co still, 1994). 

The MET values chosen to represent the average intensity for each of the 3 

physical activity categories in the IAQ were as follows: 9 METs for strenuous sports, 5 

METs for vigorous work, and 3 METs for moderate activity. These MET values (or 

estimates of average intensity for each physical activity category) were chosen based on 

previous research (Godin & Shephard, 1984; Godin & Shephard, 1985), which similarly 

examined exercise behaviour in a large population using a questionnaire with three 

categories of physical activity. Specifically, the total time (in hours/week) for each 

physical activity category was multiplied by the corresponding anticipated multiples of 

resting energy expenditure (i.e. 3, 5, and 9 METS as listed above). The resulting energy 

expenditure values calculated for strenuous sports, vigorous work, and moderate 

activity were then summed for each subject to come up with a total estimate of energy 

expenditure for physical activity. This estimate represented the average weekly energy 

expended in leisure time physical activity (in MET -hlwk or kcallkg/wk) during the last 

year for each subject. 

The decision to use the same MET values as those used in the Godin and 

Shephard questionnaire (for the estimate of the intensity of each physical activity 

category in the IAQ) was based on the comparability of this questionnaire to the current 

leisure time physical activity section of the IAQ (i.e. 3 physical activity categories of 

increasing intensity) and on the validity and reliability research that has been conducted 

on this questionnaire (i.e. in a similar aged population). The concurrent validity of the 

Godin and Shephard questionnaire was examined by Godin and Shephard (1985) in 306 
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adult men and women between the ages of 18 to 65 years using percent body fat and 

maximal oxygen consumption (i.e.V02 max) as the independent criteria for concurrent 

validity for the questionnaire. Jacobs et al. (1993) also examined the concurrent validity 

of the Godin and Shephard questionnaire in 78 males and females aged 20 to 59 years 

using the Caltrac monitor, four week physical activity history, treadmill time, percent 

body fat, forced expiratory volume, and maximal oxygen consumption (i.e. vo2 max). 

Two week test-retest reliability for the Godin and Shephard questionnaire was 

examined in 53 adult men and women (Godin & Shephard, 1985). In addition, one 

month test-retest reliability was examined by Jacobs et al. (1993) in 78 males and 

females aged 20 to 59 years of age. The specific results of these validity and reliability 

studies have been previously summarized by Pereira et al. (1997). In summary, the 

Godin and Shepard questionnaire has been shown to have acceptable validity and 

reliability for adults (Sallis et al., 1993). Overall, the results show that this questionnaire 

can provide useful information on the physical activity patterns and behaviours of a 

population (Godin & Shephard, 1985). 

2.3.2.2 Cigarette Smoking Consumption 

Cigarette smoking was also assessed through the interviewer-administered 

questionnaire (IAQ). Subjects were asked if they had ever smoked cigarettes daily for at 

least 6 months. They were asked to respond "Yes" or "No" to this question. Based on 

the responses, cigarette smoking was divided into smoking and non-smoking groups. 

Smokers were defined as men who had ever smoked daily for 6 months or more. Non

smokers were defined as men who had never smoked daily for at least 6 months. 
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Additional smoking information was obtained from the IAQ (see Appendix F). 

From this information, the total number of cigarettes smoked over the lifetime 

was calculated (see Appendix G for the equations used to calculate lifetime 

consumption of cigarettes). First, the total years smoked over the lifetime (defined as 

the span of time from birth until the time of the baseline questionnaire) was calculated 

using Equation 1 (see Appendix G). Next, the total number of cigarettes smoked over 

the lifetime was calculated using Equation 2 (see Appendix G). Finally, the total 

packages of cigarettes smoked over the lifetime was calculated using Equation 3 (see 

Appendix G). 

2.3.3 Analysis Design 

Hierarchical multiple regressions analyses were performed to investigate the 

purpose and hypotheses of this thesis. The independent variables were physical activity 

energy expenditure (i.e. in MET -hr/wk or kcallkglwk) and cigarette smoking 

consumption (i.e. total packages of cigarettes smoked over the lifetime). The dependent 

variables were lumbar spine and femoral neck bone mineral density. The covariates 

were height, weight, and age. 

These covariates were chosen because they are all known to be associated with 

the measurement ofbone mineral density. Specifically, there is a significant direct 

relationship between height and weight with respect to bone mineral density at the 

lumbar spine and hip including the femoral neck (Edelstein & Barrett-Connor, 1993). In 

other words, greater height and weight is associated with greater bone mineral density at 

the hip and spine. Between the two measures of body size, weight is the measure that 
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most consistently contributed to bone mineral density of the hip and spine (Edelstein & 

Barrett-Connor, 1993). The inclusion of both height and weight as covariates in the 

analyses is therefore necessary so that any differences seen in bone mineral density 

cannot be attributed to differences in size amongst the subjects. 

Age was also chosen as a covariate because age-related bone loss is an 

inevitable outcome of bone remodeling that occurs in all adults (Orwoll, 1999; Snow

Harter & Marcus, 1991). Specifically, all men and women experience bone loss and 

deterioration of the bone architecture through the remodeling process that occurs with 

age (Orwoll, 1999). Therefore, since this thesis is focusing on men from the ages of25 

and over with the oldest subject being 96 years of age, .it was necessary to include age 

as a covariate so that any differences seen in bone mineral density could not be 

attributed to age. 

Hierarchical multiple regression analyses were run separately for each 

dependent variable (i.e. lumbar spine and femoral neck bone mineral density). In the 

frrst regression analysis, lumbar spine bone mineral density was the dependent variable. 

Height, weight, and age were all entered in the first step of the regression analysis. 

Therefore, any variance in lumbar spine bone mineral density accounted for by physical 

activity energy expenditure and cigarette smoking consumption would have to be in 

addition to the variance already accounted for by height, weight, and age. The 

independent variables of physical activity energy expenditure and cigarette smoking 

consumption were entered in the second step, and the interaction term for these two 

variables was entered in the third and fmal step of the regression analysis. This 

hierarchical multiple regression analysis was then repeated with femoral neck bone 
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mineral density as the dependent variable. The level of significance for both regression 

analyses was set at p<0.05. 

Because the potential exists for a relationship between physical activity energy 

expenditure and weight as well as cigarette smoking consumption and weight, 

hierarchical muhiple regression analyses were performed for both lumbar spine (LS) 

and femoral neck (FN) BMD without weight as a covariate. In addition, because height 

and weight are both measures of body size, there will likely be shared variance between 

these two variables, therefore height was also removed as a covariate. In summary, the 

hierarchical multiple regression analyses were performed, as described in section 2.4.5, 

except age was the only covariate entered into the analyses. The results (see Appendix 

H for regression analyses results: Table Hl for LS BMD; Table H2 for FN BMD) 

showed that age accounted for insignificant variance in LS BMD and less significant 

variance in FN BMD than was accounted for by all three covariates of height, weight, 

and age (see Table 3.4 for LS BMD; Table 3.5 for FN BMD). These results reinforce 

the need to account for height and weight, in addition to age, when examining BMD. 

2.4 Data Screening 

2.4.1 Missing Data 

Prior to running the regression analyses, all subjects (n=2884 men) were 

screened for missing data in the variables of interest. Overall, 294 subjects were missing 

data from one or both of the bone mineral density (BMD) sites and were therefore 

excluded from the analyses leaving a total of2590 subjects. A total of290 subjects were 

missing femoral neck (FN) BMD data and 284 subjects were missing lumbar spine (LS) 
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BMDdata. 

The subjects were then scanned for missing data in the following variables: age, 

height, weight, physical activity energy expenditure, and cigarette smoking 

consumption (see Appendix I for a summary on the number of subjects with missing 

data in the variables listed above, excluding those subjects that were previously 

removed for missing BMD data). In total, there were 25 additional subjects with 

missing data (as some were missing data in more than one of the variables previously 

mentioned). Since these variables are required to run the regression analyses, these 25 

subjects were also excluded from the analyses therefore leaving only those subjects with 

complete data in all of the variables. In summary, a total of319 subjects with missing 

data were removed prior to the regression analyses leaving a total of2565 subjects (with 

complete data across all of the variables previously mentioned) available for analyses. 

Deleting subjects with missing data is only a good alternative if the deleted 

subjects represent a random sub-sample of the population otherwise distortions of the 

sample may occur (Tabachnick & Fidell, 2000). Therefore, the regression analyses 

(described in section 2.4.5) were performed on the original sample of 2884 subjects and 

then repeated in the sample of2565 subjects with complete data (ie. excluding 319 

subjects with missing data). The results of these analyses were then compared to 

determine if the deletion of subjects in the second sample would change the results. The 

data proved to be very robust as the results from the two sets of regression analyses 

were almost identical (see Appendix J for raw data regression analyses results: Table Jl 

for LS BMD; Table J2 for FN BMD). Therefore, the decision was made to delete the 

319 subjects, with missing data, from the analyses. 
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2.4.2 Assumptions of Multiple Regression 

The dependent variables (physical activity energy expenditure and cigarette 

smoking consumption) and independent variables (LS and FN BMD) were then 

examined to test the assumptions of regression (i.e. normality, linearity, and 

homoscedasticity). The assumption of normality (i.e. normal distributions are 

symmetric with scores more concentrated in the middle than in the tails) was examined 

by assessing the shape of the distribution of the variables through frequency histograms 

with the normal distribution as an overlay. All the variables were approximately 

normally distributed with the exception of the physical activity and cigarette smoking 

variables, which both had positive skewness (i.e. a distribution where the mean is 

located to the left versus the center of the distribution). The physical activity and 

cigarette smoking variables also had positive kurtosis (i.e. a peaked or pointed 

distribution with short, thick tails). Therefore, these two variables both deviated from 

normality. 

The assumptions of linearity (i.e. a straight line relationship between the 

independent variable and the dependent variable) and homoscedasticity (i.e. when the 

variability in scores for the independent variable is the same at all values of the 

dependent variable) were assessed through inspection of bivariate scatterplots between 

the dependent_variables (lumbar spine and femoral neck bone mineral density) and each 

of the independent variables (physical activity energy expenditure and cigarette 

smoking consumption). Inspection of these scatterplots showed that both the 

independent variables deviated from linearity and homoscedasticity. 

In an attempt to normalize the skewed physical activity energy expenditure and 
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cigarette smoking consumption variables, a number of data transformations were 

performed on these variables. Because skewed distributions result in mean values that 

are not good representatives of the central tendency scores in the distribution, 

transformations are recommended (Tabachnick & Fidell, 2000). For different types of 

distributions, certain transformations are recommended that will most likely render the 

distribution normal. Three different transformations for positive skewness are 

recommended by Tabachnick and Fidell (2000): a square root transformation for a 

moderate positive skewness; a log transformation for substantial positive skewness; and 

an inverse transformation for severe positive skewness. 

All three transformations for positive skewness were performed on the physical 

activity energy expenditure variable. The transformation, which resulted in the best 

improvement to the skewness of the distribution, was the square root transformation. 

However, when regression analyses (described in section 2.4.5) were performed with 

the transformed physical activity energy expenditure variable and compared to 

regression analyses performed with the original skewed physical activity energy 

expenditure variable, the data again proved to be robust to changes and resulted in 

almost identical results (see Appendix K for regression analyses results: Table Kl for 

LS BMD; Table K2 for FN BMD). Because transformed variables are often more 

difficult to interpret {Tabachnick & Fidell, 2000) and because nothing was gained by 

transforming the variable (i.e. the end results of the regression analyses were virtually 

the same), the decision was made to use the original physical activity energy 

expenditure variable (i.e. not transformed). 

All three transformations for positive skewness were also performed on the 
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cigarette smoking consumption variable. Unfortunately, none of the transformations 

performed on this variable seemed to help normalize the distribution. In extreme 

situations such as this, Tabachnick & Fidell (2000) suggest dichotomizing the variable. 

Therefore, due to the severe skewness of the cigarette smoking consumption variable, 

the decision was made to dichotomize this variable into smokers and non-smokers. 

2.4.3 Dummy Coding Versus Effect Coding 

Because the decision was made to dichotomize the cigarette smoking 

consumption variable into smokers and non-smokers, it was necessary to code these 

categories in the regression analyses. Dummy coding is the most common procedure 

used to represent categorical variables in regression equations whereas effect coding is 

the second most common procedure (Aiken & West, 1991). Dummy coding assigns a 

zero value (0) to the comparison group and a value of one (1) to the group being 

contrasted to the comparison group. Effect coding, on the other hand, assigns a value of 

minus one ( -1) to the comparison group and a value of plus one ( + 1) to the group being 

contrasted to the comparison group (Aiken & West, 1991). The dichotomized cigarette 

smoking consumption variable was then coded using both dummy and effect coding 

methods and regression analyses (described in section 2.4.5) were performed on each 

yielding identical results for both types of coding. Therefore, since dummy coding is the 

most common method used to categorize variables in regression equations, the decision 

was made to dummy code the dichotomized cigarette smoking variable. 
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2.4.4 Outliers 

Prior to running the regression analyses, the data were screened for outliers in 

the variables of interest. After examining each variable individually, it w~ determined 

that there were possible outliers. Outliers were defmed as those subjects whose values 

on a given variable were less than or greater than four standard deviations away from 

the mean for that particular variable. This resulted in 44 subjects being defined as 

outliers on one or more of the variables of interest. Deletion of these subjects reduced 

the sample size from 2565 to 2521 subjects. Regression analyses (described in section 

2.4.5) were run on the sample of2565 men (including outliers) and then repeated on the 

sample of 2521 subjects (excluding outliers as previously defined). The results were 

then compared to each other and again, the data was robust to changes with both 

analyses yielding very similar results (see Appendix L for regression analyses results: 

Table L 1 for LS BMD; Table L2 for FN BMD). Since removing the outliers had no 

effect on the overall regression analyses results, the decision was made to retain these 

subjects. 

2.4.5 Final Analysis Design 

A total of2565 men (aged 25 to 96 years) were included in the hierarchical 

multiple regression analyses. This sample included all the subjects with complete data 

for all the variables of interest (i.e. LS and FN BMD, physical activity, cigarette 

smoking, height, weight, and age). No outliers were removed from the sample. 

In summary, the dependent variables were LS and FN BMD. The independent 

variables were physical activity energy expenditure (i.e. not transformed) measured in 
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MET -hr/wk or kcal/kg/wk and cigarette smoking consumption (i.e. dichotomized into 

smokers and non-smokers). Smokers were defined as men who had ever smoked daily 

for 6 months or more. Non-smokers were defined as men who had never smoked daily 

for at least 6 months. 

Two separate hierarchical muhiple regression analyses were run for each 

dependent variable with height, weight, and age entered in the first step as co variates for 

each regression analysis. The physical activity energy expenditure and dichotomized 

cigarette smoking consumption variable were both entered in the second step and the 

interaction term for these two variables was entered in the third and final step of the 

regression analysis. The results were assessed using SPSS (version 1 0.0) for Advanced 

Statistics. The probability for statistical significance for both hierarchical multiple 

regression analyses was set at p<0.05. 
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CHAPTER3 

3.1 Results 

3.1.1 Descriptive Statistics 

Descriptive statistics for the two dependent variables [lumbar spine (LS) and 

femoral neck (FN) bone mineral density (BMD)], independent variables [physical 

activity energy expenditure (PAEE) and cigarette smoking consumption (CSC)], and 

covariates (age, height, and weight) are shown in Table 3.1. The descriptive statistics 

were performed for all men and separately for cigarette smokers and non-smokers. 

As Table 3.1 displays, cigarette smokers and non-smokers had similar values 

across all variables except for age where smokers (mean age= 60.93 years) were 

significantly older (average of 4.77 years) than non-smokers (mean age= 56.16 years). 

This result most likely reflects the defmition of cigarette smokers in this study (i.e. men 

who had ever smoked daily for 6 months or more). Since older men would naturally 

have had a greater opportunity to smoke cigarettes at some point in their lifetime in 

comparison to younger men, the result that smokers were older than non-smokers is 

expected. 
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Table 3.1 

Descriptive statistics for age, height, weight, lumbar spine (LS) BMD, femoral neck 

{FN) BMD, and physical activity energy expenditure (PAEE) {n=2565 for all subjects; 

n= 1692 for cigarette smokers; n=873 for non-smokers) 

Variable All Subjects Cigarette Smokers Non-Smokers 

Age (years) 59.31 ± 14.10 60.93 ± 13.25 *56.16 ± 15.15 

Height (em) 173.80 ± 7.20 173.60 ± 7.14 *174.19 ± 7.31 

Weight (kg) 81.67 ± 13.36 81.83 ± 13.80 81.36 ± 12.47 

LS BMD (glcm2
) 1.04 ± 0.17 1.04 ± 0.17 1.05 ± 0.16 

FN BMD (g/cm2
) 0.81 ± 0.13 0.80 ± 0.13 *0.83 ± 0.13 

PAEE (MET-hr/wk 51.20 ± 47.62 50.80 ± 48.02 51.98 ± 46.86 
or kcal/kg/wk) 

Mean±SD 

* p < .05. (Significantly different from cigarette smokers) 

The height of smokers (mean= 173.60 em) was found to be significantly shorter 

than non-smokers (mean= 174.19 em). Perhaps the stature of smokers was shorter in 

comparison to non-smokers to begin with, but there may be other explanations. The 

current study found that height continuously decreased with every decade (see 

Appendix M, Table M1) and therefore the older age of the smokers might explain their 

shorter statw"e in comparison to non-smokers. Since advancing age is a risk factor for 

osteoporotic fractures (Consensus Development Conference, 1993; Miller & McClung, 

80 



1996), the shorter stature of the smokers may be explained by the increased 

susceptibility to partial vertebral deformities (i.e. due to advanced age). Partial vertebral 

deformities result in the partial loss of height of the anterior edge or middle section of 

the vertebral body (Cummings et al., 1985) and therefore to the overall height of the 

individual. 

The weight of smokers (mean= 81.83 kg) was found to be marginally heavier 

than that of non-smokers (mean= 81.36 kg), however this result did not reach statistical 

significance. This result contrasts cross-sectional studies in the literature where smokers 

have been shown to weigh approximately 5-10 pounds less than non-smokers of 

comparable age and height (Rigotti, 1989). However, the age and height ofthe smokers 

and non-smokers in the current study were not comparable since both of these variables 

were found to be significantly different between these two groups. 

Smokers were shown to have significantly lower BMD (i.e. 2.96% lower) at the 

femoral neck than non-smokers. These results support the fmdings in the literature of 

the detrimental effect of cigarette smoking on proximal femur (i.e. femoral neck) BMD 

(Burger et al., 1998; Dennison et al., 1999; Egger et al., 1996; Hollenbach et al., 1993; 

Kiel et al., 1996; Lunt et al., 2001; Ortego-Centeno et al., 1997; Ward & Klesges, 

2001). 

A plausible explanation for these resuhs could be the significant older age 

observed in smokers. The literature has shown that men begin to gradually lose bone in 

their 40s or 50s (Anderson, 1998) and this continues throughout their lifetime (Gillepsy 

III & Gillepsy, 1991). The Consensus Development Conference (1993) stated that men 

can lose up to 20%-30% of their peak bone mass in their lifetime. Therefore, this age-
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related bone loss, which occurs in all adults (Orwoll, 1999; Snow-Harter and Marcus, 

1991) may provide an explanation for the significantly lower BMD observed at the 

femoral neck in smokers as they were found to be an average of 4. 77 years older than 

non-smokers. 

Smokers were also shown to have lower BMD (i.e. 0.95% lower) at the lumbar 

spine, however, this result did not reach statistical significance. These results contrast 

the findings in the literature by Dennison et al. (1999), Kiel et al. (1996), Lunt et al. 

(2001), Ortego-Centeno et al. (1997), and Ward & Klesges, (2001) that all found 

cigarette smoking to have a detrimental effect on LS BMD, but support the findings of 

Egger et al. (1996), Hollenbach et aL (1993), and May et al. (1994) that found no 

evidence of such a relationship between cigarette smoking and LS BMD. 

Osteophyte formation may explain these results since they are a normal 

phenomenon that occurs with advancing age resulting in non-weight-bearing bone being 

added to the periosteal surface of the vertebral bodies (Orwoll, 1999). Therefore, 

osteophytes add to the vertebral mass without increasing bone strength or bone quality 

(Orwoll, 1999). In particular, people over the age of60 years are often affected by 

osteophytes and therefore, BMD measurements at this site may not be accurate 

(Christiansen, 1995). Since smokers were found to be significantly older than non

smokers by an average of 4.77 years, perhaps an explanation for the lack of a significant 

difference in LS BMD between smokers and non-smokers is greater osteophyte 

formation on the lumbar spine of smokers due to their advanced age. 

The data provides evidence to support the theory of osteophyte formation at the 

lumbar spine as a continuous decline in LS BMD is demonstrated with advancing 
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decades until the 60's where an increase is observed (see Appendix M, Table M2). 

Therefore, it is likely that osteophyte formation is present in the older men (i.e. 

smokers), which may be affecting the accuracy of the LS BMD measurement. However, 

a definite conclusion cannot be confirmed in this study as it is not possible to determine 

the presence of osteophyte formation through DXA measurements alone. Therefore, it 

can only be speculated, based on the observed trend for LS BMD with advancing 

decades, that osteophyte formation is present in the older subjects. 

3.1.2 Pearson Product Moment Correlations (All Men) 

The relationship of the dependent variables, independent variables, and the 

covariates for all men were investigated using Pearson product moment correlations. As 

Table 3.2 shows, LS BMD was most strongly positively correlated to FN BMD (r=0.60, 

p<O.Ol), followed by weight (r=0.30,p<O.Ol) and height (r=0.17,p<O.Ol) respectively. 

Similar results were found for FN BMD, which was most strongly positively associated 

to LS BMD (r=0.60,p<O.Ol), also followed by weight (r=0.36,p<O.Ol) and height 

(r=0.23,p<O.Ol) respectively. Because the lumbar spine and femoral neck are both 

weight-bearing BMD sites, it is not unexpected that these two measurements would be 

significantly positively correlated with each other. In addition, although BMD measured 

at a given site may best predict fracture risk at that particular site (i.e. hip fracture is 

best predicted by hip BMD), this does not necessarily hold true for all sites (Blake et al., 

1999). Therefore, BMD of a given site in the skeleton can potentially be a good 

predictor of fracture at another bone site in the skeleton. As such, it would be expected 

that BMD of certain sites might have positive correlations. 
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Table 3.2 

Pearson correlations among age, height, weight, lumbar spine (LS} BMD, femoral neck 

(FN) BMD, cigarette smoking consumption (CSC), and physical activity energy 

expenditure (PAEE) (all subjects, n=2565) 

Variable 1. 2. 3. 4. 5. 6. 7. 

1. Age 

2. Height -.23** 

3. Weight -.09** .50** 

4. LS BMD . .03 .17** .30** -----

S.FNBMD -.32** .23** .36** .60** 

6.CSC .16** -.04* .02 -.03 -.09** 

7. PAEE -.22** .10** .01 .03 .10** -.07** 

* p < .05. ** p < .01. (two-tailed significance) 

The observation that both LS BMD and FN BMD are related to height and 

weight in this study supports findings in the literature as both these measurements are 

known to have an association with BMD. Specifically, BMD correlates with bone size 

and therefore, the larger the bone, the higher the areal BMD (Seeman, 1999b). Edelstein 

and Barrett-Connor (1993) found a significant direct relationship for both height and 

weight with BMD at the lumbar spine and hip including the femoral neck. In addition, 

Slemenda et al. (1992) found that height and weight were positively correlated to both 

current and previous bone mass, therefore suggesting that these measures of body size 
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influence BMD and are important determinants ofBMD throughout the lifespan. 

One of the fmdings of this study demonstrated contrasting correlations between 

LS and FN BMD with age. Although FN BMD was shown to be strongly negatively 

correlated with age (r=-0.32,p<O.Ol), LS BMD showed a non-significant positive 

correlation with age (r=0.03, p=0.117). As was previously mentioned, age is known to 

be associated with bone loss in all adults (Orwoll, 1999; Snow-Harter & Marcus, 1991) 

and therefore the significant negative correlation between FN BMD and age is an 

expected result. However, the non-significant positive correlation found between LS 

BMD and age would seem to contradict the aging and bone loss evidence in the 

literature. 

A plausible explanation for this result could be the formation of osteophytes on 

the lumbar spine, which can result in artificially elevated measurements ofLS BMD 

(Nguyen et al., 2000). As was previously mentioned the data provides evidence to 

support the theory of osteophyte formation at the lumbar spine as a continuous decline 

in LS BMD with age occurred until the 60's where an increase was then observed (see 

Appendix M, Table M2). 

In summary, the literature has shown that age, height, and weight all have 

specific associations with BMD. Based on this evidence, the decision was made to 

include all three of these variables as co variates in the multiple regression analyses of 

this study. The correlation results of this study support the literature because age, 

height, and weight were all shown to affect BMD at bQth sites measured with the 

exception of age and LS BMD. Again, the formation ofosteophytes with age was most 

likely confounding the natural age-related association of bone loss at the lumbar spine. 
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Therefore, this study strengthens the concept that age, height, and weight need to be 

included as covariates when examining BMD. 

The correlations of the independent variables of cigarette smoking consumption 

(CSC) and physical activity energy expenditure (PAEE) were also examined. CSC was 

found to be significantly positively correlated with age. Interpretation of this result 

suggests that as age increases, the amount of cigarettes consumed in a lifetime also 

increases or vice versa. This result is plausible since esc was defined in terms of ever

smokers versus never-smokers. As mentioned previously, this result would be expected 

since the longer that an individual has lived, the greater the opportunity they have had in 

their lifetime to ever consume cigarettes (for 6 months or more). In contrast to the 

results of CSC, P ABE was found to be significantly negatively correlated with age. 

Interpretation of this result suggests that as age increases, P ABE decreases or vice 

versa. This result can potentially be explained by the fact that daily energy expenditure 

is known to gradually decline with age in adults (McGandy et al., 1966). Specifically, 

McGandy et al. (1966) found a significant age-dependent decrease in non-basal energy 

expenditure, which was accounted for by decreases in basal metabolism and in the 

energy expenditure required for physical activity. 

In addition, PAEE was significantly negatively correlated with CSC (r=-0.07, 

p<0.01). This result suggests that as PAEE increases, CSC decreases or vice versa. The 

literature has shown some support for this as smokers are often found to be less 

physically active than non-smokers (Chumlea & Shumei, 1999; Hollenbach et al., 

1993). When examining specific smoking groups, Egger et al. (1996) found that men 

and women who were current smokers tended to be less active than never smokers or 
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ex-smokers. Therefore, the negative correlation between P AEE and CSC in this study is 

not unexpected. 

To further examine the relationship between PAEE and CSC (through frequency 

distributions of subjects), P AEE was divided into tertiles of activity (i.e. low, moderate, 

and high) in MET -hr/wk or kcallkg/wk (see Appendix N) and CSC was divided into 

non-smokers and smokers. Smokers were further subdivided into tertiles of cigarette 

smoking consumption (i.e. low, moderate, and high) in cigarette packs smoked per 

lifetime (see Appendix N). The frequency distribution showed that in each category of 

physical activity, non-smokers accounted for the greatest number of subjects. In the low 

and moderate physical activity categories, low smokers accounted for the least number 

of subjects, while high smokers accounted for the least number of subjects in the high 

physical activity category. Overall, the frequency distribution showed that all levels of 

smokers participated in all levels of physical activity. 

3.1.3 Pearson Product Moment Correlations (Smokers and Non-smokers) 

Pearson product moment correlations also examined the relationship of the 

dependent variables, independent variables, and covariates for smokers and non

smokers separately. As Table 3.3 shows, the correlations for smokers and non-smokers 

were similar across all variables except for the correlation between age and weight. 

In cigarette smokers, a significant negative correlation between age and weight 

was found (r=-0 .12, p<O. 01) as compared to a non-significant negative correlation 

(r=-0.04,p=0.196) found in non-smokers. This resuh indicates that with increasing age 

in men, weight significantly decreases in smokers, but does not appear to do the same in 
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non-smokers. Although no significant differences were observed in weight between 

smokers and non-smokers in this study, perhaps with age, the BMD of non-smokers is 

protected due to preservation of body mass relative to smokers. More specifically, 

greater body mass in non-smokers is thought to protect BMD (i.e. due to higher 

mechanical loading) (Hollenbach et al., 1993; May et al., 1994; Mundy, 1999). 

Table 3.3 

Pearson co"elations among age, height, weight, lumbar spine (LS) BMD, femoral neck 

(FN) BMD, and physical activity energy expenditure (PAEE) (cigarette smokers 

(n=1692) located below diagonal; non-smokers (n=873) located above diagonal) 

Variable 1. 2. 3. 4. 5. 6. 

l.Age -.21 ** -.04 .04 -.34** -.21 ** 

2. Height -.24** .43** .12** .23** .07* 

3. Weight -.12** .53** .29** .34** -.01 

4.LSBMD .03 .19** .30** .58** .00 

S.FNB:MD -.30** .23** .38** .60** .09** 

6.PAEE -.23** .12** .01 .OS .11 ** 

* p <.OS.** p < .01. (two-tailed significance) 

3.1.4 Hierarchical Multiple Regression Analyses 

To further examine the relationships ofP ABE and CSC on LS and FN BMD, 

hierarchical multiple regression analyses were performed. In order to determine the 

88 



unique variance ofP AEE and CSC on LS and FN BMD, it was necessary to include 

age, height, and weight as covariates in the analyses. Therefore, the first hierarchical 

muhiple regression analysis was performed for LS BMD and involved entering the 

covariates on Step 1, P AEE and CSC on Step 2, and the P AEE x CSC interaction on 

Step 3 (see Table 3.4 for results). This hierarchical regression analysis was then 

repeated for FN BMD (see Table 3.5 for results). 
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Table 3.4 

Results of hierarchical multiple regression analysis evaluating the unique variance of 

physical activity energy expenditure (PAEE) and cigarette smoking consumption (CSC) 

to the prediction of lumbar spine (LS) BMD, while controlling for age, height and 

weight 

Predictor Variable B SEB 

Step 1 Constant .540 
Age .00078 .000 .066* 
Height .00093 .001 .040 
Weight .00356 .000 .283* .093 .093* 

Step 2 Constant .546 
Age .00097 .000 .082* 
Height .00082 .001 .035 
Weight .00361 .000 .287* 
PAEE .00015 .000 .043* 
esc -.01559 .007 -.044* .096 .004* 

Step 3 Constant .552 
Age .00097 .000 .082* 
Height .00081 .001 .035 
Weight .00361 .000 .287* 
PAEE .00007 .000 .020 
esc -.02197 .010 -.062* 
PAEExCSC .00012 .000 .034 .097 .000 

* p<.05. 
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Table 3.5 

Results of hierarchical multiple regression analysis evaluating the unique variance of 

physical activity energy expenditure (PAEE) and cigarette smoking consumption (CSC) 

to the prediction of femoral neck (FN) BMD, while controlling for age, height, and 

weight 

Predictor Variable B SEB 

Step 1 Constant .701 
Age -.00271 .000 -.292* 
Height .00003 .000 .001 
Weight .00326 .000 .333* .214 .214* 

Step 2 Constant .706 
Age -.00256 .000 -.275* 
Height -.00006 .000 -.003 
Weight .00331 .000 .337* 
PAEE .00011 .000 .042* 
esc -.01377 .005 -.050* .218 .004* 

Step 3 Constant .709 
Age -.00256 .000 -.275* 
Height -.00006 .000 -.003 
Weight .00331 .000 .337* 
PAEE .00008 .000 .030 
esc -.01633 .007 -.059* 
PAEExCSC .00005 .000 .017 .218 .000 

* p<.05. 
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3.1.4.1 Covariates 

Table 3.4 shows that height, weight, and age accounted for 9.3% (p<0.05) of the 

variance in LS BMD and Table 3.5 shows that these variables accounted for 21.4% 

(p<0.05) of the variance in FN BMD. The results suggest that the covariates had a 

greater effect on FN BMD in comparison to LS BMD. One explanation why the 

covariates may have accounted for less unique variance on LS BMD could be due to 

age (i.e. one of the covariates) which was found to not be correlated to LS BMD. As 

was mentioned earlier, it is speculated that LS BMD was confounded by osteophyte 

formation with advancing age, which can result in an elevation in non-weight-bearing 

BMD at this site (Orwoll, 1999). 

In the current study, LS BMD was shown to decrease with every decade until 

the 60's where an increase was observed in men (see Appendix M, Table M2). This 

result is supported in the literature in studies examining older men. Nguyen et al. (2000) 

showed BMD of the lumbar spine to significantly increase with age while BMD of the 

proximal femur significantly decreased with age (in men with a mean age of69 years). 

Kronhed and Moller (1998) also observed an increase in LS BMD in the control group 

from baseline in their one-year physical activity intervention study of men and women 

aged 40-70 years. Due to the confounding effects of extensive osteophyte formation in 

men, Glynn et al. (1995) chose not to include the lumbar spine as a BMD site in their 

study. 

Since the data in the present study shows trends characteristic of osteophyte 

formation, the DXA measurements ofLS BMD, particularly in older men, may have 

been artificially elevated. Therefore, this study seems to provide evidence to support the 
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literature, which has shown LS BMD to be highly variable and inconsistent due to 

osteophyte formation in older subjects. It is therefore plausible that the lack of an 

association between age and LS BMD in the present study might be due to the 

unpredictability of this BMD site, which might also explain the lower percentage of 

unique variance, accounted for by the covariates at the lumbar spine in comparison to 

the femoral neck. 

Interestingly, age and weight were the only covariates shown to be significant 

predictors ofLS and FN BMD. Although height was significantly positively correlated 

with both LS and FN BMD, it was not found to be a significant predictor at either site. 

However, beca\lse height and weight were significantly correlated to each other (r=0.50, 

p<O.Ol), height was most likely excluded as a significant predictor due to shared 

variance amongst these co variates. More specifically, because height and weight were 

significantly correlated to each other, they would probably target much of the same 

variance on LS and FN BMD. Since weight was not excluded as a significant predictor 

for LS and FN BMD, this shows that it is accounting for slightly more variance than 

height. 

Although height does not appear to be a significant predictor for LS and FN 

BMD in this study, the fact remains that bone mineral content is directly related to body 

size (Chumlea & Shumei, 1999). In addition, evidence has shown both height and 

weight to have a significant direct relationship with BMD (Edelstein & Sarrett-Connor, 

1993; Slemenda et al., 1992), therefore the literature still provides the rationale for 

including both height and weight as co variates in studies that examine BMD. As was 

mentioned previously, age is known to have an inverse relationship with bone mass 
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(Orwoll, 1999; Snow-Harter & Marcus, 1991) and therefore this variable also needs to 

be included as a covariate, in studies examining BMD, in order to control for the known 

effects of age on bone mass. 

3.1.4.2 Independent Variables 

The unique contributions ofP AEE and CSC to the prediction ofLS and FN 

BMD are presented in Table 3.4 and Table 3.5, respectively. As mentioned previously, 

the resuhs showed that the covariates (height, weight, and age) accounted for 9.3% of 

the variance in LS BMD and 21.4% of the variance in FN BMD. With respect to the 

independent variables, PAEE and CSC accounted for an additional 0.4% of the variance 

in both LS and FN BMD. More specifically, PAEE was shown to have a positive 

relationship with LS and FN BMD whereas CSC was shown to have a negative 

relationship with both of these sites. Overall, the co variates and independent variables 

accounted for a total of9.6% of the variance in LS BMD and 21.8% of the variance in 

FNBMD. 

As PAEE and CSC were found to account for 0.4% of unique variance (above 

that of the covariates) in both LS and FN BMD, it was important to determine how 

much separate unique variance each ofP AEE and CSC were contributing towards the 

total variance. Therefore, the regression analyses were repeated for LS and FN BMD 

entering the co variates on Step 1, alternating P AEE and CSC on Step 2, and alternating 

CSC and PAEE on Step 3 (see Appendix 0 for regression results: Table 01 for LS 

BMD and Table 02 for FN BMD, PAEE entered before CSC; Table 03 for LS BMD 

and Table 04 for FN BMD, CSC entered before P AEE). When P AEE was entered in 
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Step 2 and CSC on Step 3, results showed that PAEE accounted for 0.2% of the unique 

variance beyond that of the co variates in both LS and FN BMD and that CSC accounted 

for an additional 0.2% of the unique variance beyond that of the covariates and PAEE in 

both LS and FN BMD. When the order was reversed and CSC was entered in Step 2 

and PAEE on Step 3, results showed that CSC accounted for 0.2% ofthe unique 

variance beyond that of the covariates in both LS and FN BMD and that PAEE 

accounted for an additional 0.2% of the unique variance beyond that of the covariates 

and CSC in both LS and FN BMD. 

3.1.4.3 Interaction 

The unique contributions of the interaction between P AEE and CSC to the 

prediction ofLS and FN BMD are presented in Table 3.4 and Table 3.5, respectively. 

The results for both LS and FN BMD showed that there was no interaction between 

PAEE and CSC. Therefore, there was no support for Hypothesis 3, which stated that an 

interaction would exist between P AEE and CSC such that the negative influence of 

CSC would be greater than the positive influence ofP AEE on BMD of the lumbar spine 

and femoral neck. 
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CHAPTER4 

4.1 Discussion 

4.1.1 Summary of Results 

In summary, the results for the independent variables (physical activity energy

expenditure and cigarette smoking consumption) show that both account for unique 

variance above and beyond the variance accounted for by the covariates for lumbar 

spine (LS) and femoral neck (FN) bone mineral density (BMD). Specifically, physical 

activity energy expenditure was shown to have a positive relationship with LS and FN 

BMD whereas cigarette smoking consumption was shown to have a negative 

relationship. Therefore, support is shown for Hypothesis 1 which stated that physical 

activity energy expenditure would positively influence BMD of the lumbar spine and 

femoral neck beyond the influence of the covariates (age, height, and weight) and for 

Hypothesis 2 which stated that cigarette smoking consumption would negatively 

influence BMD of the lumbar spine and femoral neck beyond the influence of the 

covariates (age, height, and weight). Since the results for both LS and FN BMD showed 

that there was no interaction between physical activity energy expenditure and cigarette 

smoking consumption, there was no support for Hypothesis 3, which stated that an 
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interaction would exist between physical activity energy expenditure and cigarette 

smoking consumption such that the negative influence of cigarette smoking 

consumption would be greater than the positive influence of physical activity energy 

expenditure on Bl\ID of the lumbar spine and femoral neck. 

4.1.2 Hypothesis 1 

Hypothesis 1 stated "Physical activity energy expenditure will positively 

influence bone mineral density of the lumbar spine and femoral neck beyond the 

influence of the covariates (age, height, and weight)''. The fmding that physical activity 

is an independent predictor ofFN and LS BMD in the present study corresponds to 

many studies in the literature including those that examined different types of physical 

activity and men of all ages. Specifically, Bendavid et al. (1996) found regular physical 

activity to be independently associated with greater FN aild LS BMD in men aged 50-

64 years. Current and lifetime physical activity was shown to have a positive 

association with hip and LS BMD in a slightly older sample of men aged 50-80 years 

(Lunt et al., 2001). Similar to this study, historical physical activity (i.e. activity from 

the teenage years, third decade, and fifth decade of life) was also an independent 

predictor for BMD at all hip sites including FN BMD but excluding Ward's triangle in 

men aged 66.6 years (Glynn et al., 1995). 

In younger men, recreational exercisers were shown to have greater Bl\ID at the 

lumbar spine and proximal femur (Snow-Harter et al., 1992) than non-exercisers while 

weight-bearing exercisers were shown to have greater LS and FN BMD (Colletti et al., 

1989) and proximal femur Bl\ID than non-exercisers (Mayoux-Benhamou et al., 1999). 
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Therefore, there are a number of studies in the literature, which support the findings of 

the present study that physical activity positively influences LS and FN BMD. 

In addition, partial support of the results in the current study have been shown in 

studies of younger subjects as low to moderate physical activity in men aged 24.8 years 

(Nordstrom et al., 1997) and leisure physical activity in men aged 21-42 years (Duppe 

et al., 1997) both demonstrated significant positive associations with hip BMD 

(including the femoral neck) but not LS BMD. Similar results were found for current 

and lifelong leisure time physical activity in an older sample of men with an average 

age of73-years (Greendale et al., 1995). The authors of this study explained that LS 

BMD might not have been affected by physical activity due to the nature of common 

recreational activities (i.e. walking and jogging), which preferentially load the hip sites. 

Therefore, this justification also provides a plausible explanation for the previous two 

studies that showed a positive association with physical activity and hip BMD but not 

LS BMD. However, the present study fmds no evidence to support these results with 

respect to LS BMD since this site was shown to have a significant positive association 

with physical activity energy expenditure in the current sample of men aged 25-96 

years, therefore suggesting that physical activity can have a positive influence on BMD 

at this site. These results also suggest that physical activity in men may potentially 

result in greater osteophyte development, although, the mechanisms for such a 

relationship have not been investigated in the literature. 

Although the majority of the literature supports the findings of the present study 

that physical activity is an independent predictor ofLS and FN BMD, two studies 

examining elderly subjects (i.e. mean age greater than 65 years) found contradicting 
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results. Specifically, Glynn et al. ( 1995) examined BMD of the hip sites and found no 

association with current leisure time physical activity in men. More recently, Nguyen et 

al. (2000) found physical activity in the elderly had no association with LS or FN BMD 

after controlling for confounding variables including age and body mass index. Many 

studies in the physical activity and BMD literature have not controlled for age or body 

size, therefore the results ofNguyen et al. (2000) are more comparable to the present 

study due to the fact that age and body size were controlled for in both studies. 

However, the findings ofNguyen et al. (2000) are in direct contrast to the results 

observed in the current study. This could simply be due to the differing ways in which 

physical activity was calculated in these two studies since they differed from each other. 

Specifically, Nguyen et al. (2000) examined 5 levels of physical activity [basal 

activity (i.e. sleeping, lying down), sedentary (i.e. sitting, standing), light (i.e. casual 

walking), moderate (i.e. gardening, carpentry), and heavy (i.e. lifting, digging) activity]. 

A weighting factor based on associated oxygen consumption for each activity was then 

multiplied by time (i.e. hours per week) for all activities to come up with an overall 

index of daily physical activity. The weighting factors used were as follows: 1.0 for 

basal activity; 1.1 for sedentary activity, 1.5 for light activity, 2.4 for moderate activity, 

and 5.0 for heavy activity. The methods used to calculate physical activity in the present 

study were described previously (see section 2.3.2.1). In summary, 3 levels of activity 

were investigated (i.e.· strenuous sports, vigorous work, and moderate activity). The 

total time (in hours/week) of each category was multiplied by the corresponding 

anticipated multiples of resting energy expenditure (i.e. 9, 5, and 3 METs for strenuous 

sports, vigorous work, and moderate activity, respectively) resulting in energy 
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expenditure values for each physical activity category. These values were then summed 

to come up with a total estimate of weekly energy expended in leisure time physical 

activity (in MET -hr/wk or kca1/kg/wk) during the last year for each subject. 

Therefore, although some similarities existed in how physical activity was calculated 

between these two studies (ie. weighting physical activity), there were also significant 

differences (i.e. specific weighting factors and categories of physical activity), making it 

di:fficuh to compare physical activity across these two studies. 

In addition to the studies of Glynn et al. (1996) and Nguyen et al. (2000), two 

physical activity interventiop. studies have also found results that contrast those of the 

current study. Findings by Huuskonen et al. (2001) demonstrated no difference between 

the control group and the exercise group (i.e. participated in a progressive exercise 

training program of low to moderate intensity starting at 30-45 minutes, 3 times/week 

progressing to 60 minutes, 5 times/week over a 4-year period) and BMD at the lumbar 

spine and proximal femur. Another intervention study was conducted by Kronhed and 

Moller (1998), which examined a 1-year weight-bearing activity program designed to 

improve bone mass, muscle strength and flexibility, balance skill, and aerobic capacity 

(performed 60 minutes per session, 2 times/week). Similar to the previous study, no 

significant differences in BMD were found between the control group and exercise 

group at either the femoral neck or the lumbar spine. As the above two studies are both 

intervention studies, comparisons to the current study are difficult since the latter study 

assessed physical activity energy expenditure from responses reported in a 

questionnaire versus the former studies which conducted physical activity training 

programs. 
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One of the major limitations in the literature investigating physical activity and 

BMD is the variety of types of physical activity that have been investigated in the 

literature (ie.light to vigorous, leisure to occupational, current to historical, low-impact 

to weight-bearing physical activity, etc.). In addition to the various types of physical 

activity are the different ways physical activity has been assessed (i.e. intervention 

studies, short-term recall, history questionnaires, etc.) and the countless methods used to 

calculate physical activity (i.e. hours/week, weighting factors for different intensities, 

variations ofMET values, etc.). This variety results in a wealth of information on 

physical activity and BMD, but makes it very difficult to compare between studies since 

few studies measure physical activity in the same way. 

Another limitation in the literature, as mentioned previously, is the lack of 

control for the confounding variables of age and body size on BMD. Although bone 

loss is known to occur with advancing age in all adults (Orwoll, 1999; Snow-Harter & 

Marcus, 1991) and although height and weight are known to have a direct relationship 

with BMD of the lumbar spine and hip (Edelstein & Barrett-Connor, 1993), adjustments 

for these variables have not always been made in the literature. Therefore, it is again 

difficuh to compare the results of this study to the general fmdings in the literature since 

the latter results could potentially be confounded by these variables, as was 

demonstrated in the present study by the high percentage of unique variance that was 

accounted for by the co variates. 

Despite the limitations in the literature, BMD is thought to adapt to an imposed 

stress such as physical activity by increasing bone mineral, however, the mechanisms 

involved are still unclear (Lane et al., 1996; Snow-Harter & Marcus, 1991). Many 
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studies in the litemture found individuals who were physically active to also have 

greater muscle strength. More importantly, muscle strength was found to be a 

significant positive predictor ofBMD at different sites (Glynn et al., 1995; Mayoux

Benhamou et al., 1999; Nguyen et al., 2000; Nordstrom et al., 1997; Snow-Harter et al., 

1992). Based on the results of the present study showing that physical activity positively 

influences both LS and FN BMD, it is possible that physical activity is exerting its 

effect on bone through greater muscular action (i.e. tensile strains produced by muscle 

contraction), which in turn, imparts greater strain to the skeleton. However, since 

muscle strength was not assessed in the current study,_this explanation can only be 

speculated. Physical activity also imparts compressive strains to bone through 

gravitational or ground reaction forces (Mayoux-Benhamou et al., 1999; Snow Harter et 

al., 1992). Therefore, in the present study, physical activity could also be exerting its 

positive effect on bone through greater compressive strains imparted to the skeleton. 

Although the exact mechanisms cannot be determined, the results of the present 

study show that physical activity energy expenditure accounts for unique variance (in 

addition to the variance accounted for by the co variates) with respect to LS and FN 

BMD in Canadian men. These results support the majority of the findings in the 

literature that demonstrate a positive association between physical activity and BMD of 

these weight-bearing sites. The results of the current study show support for Hypothesis 

1 that physical activity energy expenditure positively influences BMD of the lumbar 

spine and femoml neck beyond the influence of the covariates (age, height, and weight). 
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4.1.3 Hypothesis 2 

Hypothesis 2 stated "Cigarette smoking consumption will n~gatively influence 

bone mineral density of the lumbar spine and femoral neck beyond the influence of the 

~ovariates (age, height, and weight)''. The result that cigarette smoking consumption is 

an independent predictor ofFN and LS BMD in the present study corresponds to many 

studies in the literature that examined smokers of all ages. Specifically, it has been 

demonstrated in smokers aged 50-80 years (Lunt et al., 2001) and smokers aged 68-98 

years (Kiel et al., 1996) that they have significantly lower BMD at both the proximal 

femur and lumbar spine. Similar results were observed at these two sites in a younger 

sample of men (aged 20-45 years) showing heavy smokers to have significantly lower 

BMD than non-smokers (Ortego-Centeno et al., 1997). 

Two longitudinal studies provide additional support to the findings of the 

present study that showed cigarette smoking to have a negative influence on LS and FN 

BMD. A 2-year longitudinal study by Burger et al. (1998) examined BMD of the 

proximal femur in men aged 55 years or greater and found a higher rate of bone loss at 

the femoral neck in smokers. These fmdings remained after adjustments for both age 

and body mass index. In a 4-year longitudinal study of elderly men (aged 60-75 years at 

baseline), bone loss rates of the lumbar spine and femoral neck were found to be higher 

in smokers (Dennison et al., 1999). Similar results were found in the meta-analysis by 

Ward and Klesges (2001), with the independent negative effect ofsmoking on lumbar

spine and hip BMD remaining even after controlling for weight differences between 

smokers and non-smokers. 

Therefore, there is support in the smoking literature for the negative effect of 
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cigarette smoking on BMD of the lumbar spine and femoral neck even after controlling 

for confounding variables such as age and body size. This corresponds to the results of 

the present study, which found smoking to have a significant negative association with 

LS and FN BMD after controlling for age, height, and weight. 

In addition, partial support of the present resuhs was found by Egger et al. 

( 1996) whose findings in men and women aged 61-73 years showed current smokers to 

have significantly lower BMD at the femoral neck but not lumbar spine. Similar results 

were found in a 16-year longitudinal study by Hollenbach et al. (1993), which also 

examined elderly men and demonstrated that smokers at baseline had significantly 

lower BMD of the hip (including the femoral neck) but not the lumbar spine. 

Due to the older age of the subjects examined in J;x>th these two studies, it is 

possible that osteophyte formation was present on the vertebral bodies, therefore, 

possibly confounding the results at the lumbar spine. In any case; the present study does 

not support the findings around LS BMD since this site was shown to have a significant 

negative association with cigarette smoking consumption in this particular sample of 

men. 

The literature on smoking and BMD has also produced results that contrast those 

of the present study that showed cigarette smoking to be an independent predictor ofLS 

and FN BMD. In particular, the studies by May et al. (1994), Bendavid et al. (1996), 

Glynn et al. (1995), and Huuskonen et al. (2000) all found no significant relationship 

between smoking and BMD of the lumbar spine and hip. The results of May et al. 

(1994) existed before and after controlling for weight and the results ofBendavid et al. 

(1996) initially showed smoking to be associated with decreased lumbar spine and hip 
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BMD, however, these results were not significant after controlling for age and body 

mass index. 

The results ofBendavid et al. (1996), Glynn et al. (1995), and Huuskonen et al. 

(2000) all noted low percentages of current smokers in their samples and suggested that 

their results might have been affected by these percentages. In the present study, there 

were 1692 smokers in comparison to 873 non-smokers. Due to the manner in which 

smoking was defmed, both current and ex-smokers were represented together in the 

smoking group. The problem of low percentages of smokers did not exist in the present 

study. 

In summary, cigarette smoking is a known risk factor for low BMD, but the 

mechanisms involved are not completely understood (Egger et al., 1996). Since the 

current study adjusted for age, height, and weight, the explanation that reduced weight, 

often found in smokers, accounted for their reduced BMD (ie. due to less mechanical 

loading) cannot be concluded in the current study. The slightly lower physical activity 

energy expenditure found in smokers could possibly explain the results of the current 

study due to the positive effects of physical activity on the skeleton. However, the 

difference in physical activity energy expenditure observed between smokers and non

smokers was not significant, thus there must be other explanations. Decreased 

testos~erone or reduced gastrointestinal calcium absorption are other possible 

mechanisms that have been suggested for the effect of smoking on BMD in men 

(Jackson & K.leerekoper, 1990). However, these mechanisms were not investigated in 

the current study and therefore cannot be substantiated. 

Although the exact mechanisms cannot be determined, the results of the present 
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study show that cigarette smoking consumption accounts for unique variance (in 

addition to the variance accounted for by the covariates) in LS and FN BMD in 

Canadian men. These results support the majority of the findings in the literature that 

demonstrate a negative association between cigarette smoking and BMD of these sites. 

Therefore, the results of the current study show support for Hypothesis 2 that cigarette 

smoking consumption negatively influences BMD of the lumQar spine and femoral neck 

beyond the influence of the covariates (age, height, and weight). 

4.1.4 Hypothesis 3 

Hypothesis 3 stated "An interaction will exist between physical activity energy 

expenditure (P AEE) and cigarette smoking consumption (CSC) such that the negative 

influence of CSC will be greater than the positive influence of P ABE on bone mineral 

density of the lumbar spine and femoral neck." As mentioned previously, this 

hypothesis was based on the literature that shows individuals who smoke tend to be less 

physically active than those who do not smoke (Chumlea & Shume~ 1999; Egger et al., 

1996; Hollenbach et al., 1993). The direction of the interaction hypothesis was based on 

the literature, which generally shows cigarette smoking to have a negative ihfluence on 

BMD (with heavy smoking having the most detrimental effect) and physical activity to 

have a positive influence on BMD, although the type, duration, frequency, and intensity 

of activity that is most beneficial to bone has yet to be determined (Snow-Harter & 

Marcus, 1991). Therefore it was thought that the relationship between PAEE and the 

dependent variables (FN and LS BMD) would depend on the level of CSC (i.e. for a 

given level ofPAEE, LS and FN BMD would be expected to be higher in non-smokers 
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and lower in smokers). 

The results indicate no support for the interaction between P AEE and CSC for 

either LS or FN BMD suggesting that these two variables are not related to each other 

with respect to Blv.ID, but rather have individual countering effects on BMD. Since 

there was no interaction effect ofP AEE and CSC on BMD at either site, it was 

necessary to examine the results of the individual independent variables on LS BMD 

and FN BMD. This was summarized in section 4.1.2 and 4.1.3. 

4.1.5 Limitations of this Study 

One of the limitations in the current study is the positive skewness that existed 

for both the physical activity and cigarette smoking variables (i.e. physical activity had 

moderate positive skewness and cigarette smoking had severe positive skewness). The 

mean value for P AEE (in MET -hr/wk or kcal/kg/wk) was 51.2 with a large standard 

deviation of 47.6 (coefficient of variance= 1.03E+08). CSC (in packs per lifetime) had 

a mean value of 7,544 with an extremely large standard deviation of 10,128 (coefficient 

ofvariance = 2267.87). As was discussed in section 2.4.2, the esc variable was 

ultimately dichotomized due to the severe skewness that was present. 

Another limitation in this study is the fact that all the information on the 

independent variables was obtained from self-reported responses in an interviewer

administered questionnaire (IAQ). Therefore, as is the case with all self-reports, the 

potential exists for over or under-reporting. With respect to P AEE, the mean value for 

this group of men was equal to 51.20 MET -hr/wk or kcal/kglwk. This corresponds to 

7.3 kcallkg/day, which reflects an average level of activity between the two higher 
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intensity categories of physical activity in the I~Q (i.e. strenuous sports = 9 METs or 

kcal/kg/day and vigorous work= 5 METs or kcal/kg/day). Therefore, on average, this 

particular sample of men was shown to have a rather high intensity level of physical 

activity. Specifically, these results point towards the possibility of over-reported levels 

of physical activity in the IAQ. Another limitation, related to the set-up of the physical 

activity portion of the IAQ, is that an assumption is made that current activity levels 

(i.e. average physical activity in the last year) are reflective of the same activity levels 

over a lifetime. 

This study is also limited by the lack of reliability and validity for the IAQ. 

Although validation studies have been conducted and reliability studies are currently in 

progress, the results of these procedures are not yet available. Until the results of these 

studies are known, the potential exists that the lack of an interaction between P ABE and 

CSC and the lack ofPAEE and CSC accounting for larger unique variance, in addition 

to that of the covariates in this study, may be due to poor measurement rather than 

simply a small effect, which could be confirmed if the questionnaire was deemed to be 

both reliable and valid. 

4.1.6 Conclusions and Recommendations 

Although statistical significance was found for the variance accounted for by 

P AEE and CSC with respect to LS and FN BMD, the amount of additional variance 

accounted for above that of the covariates was minimal (i.e. 0.4% additional variance at 

both BMD sites). Specifically, the results showed P AEE to have a positive effect and 

cigarette smoking to have a negative effect on LS and FN BMD, however, due to the 
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small variance observed, this result is probably insignificant at a practical level. In other 

words, the low percentage of unique variance accounted for by the independent 

variables, above that of the covariates, might not be sufficient to recommend physical 

activity and abstinence from cigarette smoking as the only interventions for maintaining 

or preventing BMD loss in men. 

In combination, the covariates and independent variables accounted for a total of 

9.7% ofthe variance inLS BMD and 21.8% ofthe variance in FN BMD. Therefore, 

much of the variance remains to be accounted for at both of these BMD sites. Since 

BMD is a muhiply determined measure (Ward & Klesges, 2001), perhaps it is not 

surprising that P AEE and CSC only accounted for a small proportion of the total 

variance in LS and FN BMD. Many other factors could be playing a role in this sample 

of Canadian men. Examples of other risk factors that might be involved include those 

previously listed for osteoporosis by Lane et al. (2000) that were not investigated in the 

current study: personal or family (i.e. first degree relative) history of :fracture; race; low 

calcium intake; alcoholism; impaired eyesight; recurrent falls; dementia; poor health or 

frailty. 

In summary, the results of the current study suggest that it is probably not 

sufficient to recommend physical activity and abstinence from cigarette smoking as the 

only strategies to maintain BMD or prevent BMD loss in men since they only accounted 

for a small perct~ntage of the unique variance above that of the covariates. However, 

since the present study found a significant positive effect for physical activity on LS and 

FN BMD and a significant negative effect for cigarette smoking on LS and FN BMD, it 

is recommended that both physical activity and abstinence from cigarette smoking be 
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promoted, in addition to other BMD prevention strategies, to help reduce the risk for 

o~eoporosis in men. Future studies should focus not only on physical activity and 

cigarette smoking, but the other risk factors for osteoporosis (as previously listed) to 

determine how to best maintain BMD or prevent BMD loss in Canadian men. 
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Appendix A 

A Comparison of Four Bone Mass Measurement Techniques 
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Technique Precision Accuracy Radiation Exam Time 
(%) (%) (mrem) (min) 

SPA 1 to 3 5 10 to 20 15 

DPA 2to 4 4to 10 5 20to 40 

QCT 2 to 5 5 to 20 100 to 1,000 10 to 15 

DXA 0.5 to 2 3 to 5 1 to 3 3 to 5 

(Cory & Gamble, 1995) 

SPA = Single-photon absorptiometry 
DP A = Dual-photon absorptiometry 
QCT = Quantitative computed tomography 
DXA = Dual energy x-ray absorptiometry 
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AppendixB 

Distribution of Subjects Across Canada in the CaM OS Study 
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Centre Number of subjects (All) Men Women 

Calgary 1065 324 741 
Halifax 1052 311 741 
Hamilton 1068 330 738 
Kingston 1075 327 748 
Quebec 1133 334 799 
St. John's 1034 308 726 
Saskatoon 1031 318 713 
Toronto 900 295 605 
Vancouver 1065 337 728 
Total 9423 2884 6539 

(Berger et al., 2000) 
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AppendixC 

Densitometry Instruments Used at Each Study Centre 
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Centre 

Calgary 
Halifax 
Hamilton 
Kingston 
Quebec 
St. John's 
Saskatoon 
Toronto 
Vancouver 

(Berger et al., 2000) 

Densitometry Instrument 

Hologic QDR 4500 
Hologic QDR 2000 
Lunar DPX Alpha 
Hologic QDR 1000 
Hologic QDR 2000 
LunarDPX 
Hologic QDR 1000 
Hologic QDR 1000 
Hologic QDR 1000 
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AppendixD 

Current Leisure Time Physical Activity from the IAQ 
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On average, during the last year, how many hours in a week did you spend in the 
following activities? 

Never Yl-1 2-3 4-6 7-10 11-20 21-30 31 hrs 
hr hrs hrs hrs hrs hrs + 

Strenuous Sports 
(such as jogging, 
bicycling on hills, 
tennis, racquetball, 
swimming laps, 
aerobics) 
Vigorous Work 
(such as moving 
heavy furniture, 
loading or unloading 
trucks, shoveling, 
weight lifting, or 
equivalent manual 
labour) 
Moderate Activity 
(such as housework, 
brisk walking, golfing, 
bowling, bicycling on 
level ground, 
gardening) 
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AppendixE 

Calculated Time Spent in Physical Activjty Based on the Range of Hours from the IAQ 
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Range of time spent in physical activity 
(hours/week) as presented in the IAQ 

Never 
Yl-1 hr 
2-3 hrs 
4-6 hrs 
7-10 hrs 
11-20 hrs 
21-30 hrs 
31 hrs + 
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Calculated time spent in physical 
activity (average hours/week) 

0 hours/week 
0. 75 hours/week 

2.5 hours/week 
5.0 hours/week 
8.5 hours/week 

15.5 hours/week 
25.5 hours/week 
32.0 hours/week 



Appendix F 

Cigarette Smoking Consumption Questions from the IAQ 
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Complete the following table for each product used (i.e. cigarettes): 

At what age did you begin to smoke cigarettes daily? 
(for at least 6 months) 

Are you currently smoking? 

At what age did you stop? 

Approximately how many per day? 
(number of cigarettes) 

Have you temporarily stopped smoking cigarettes and started again? 
(total_up all periods and covert to years) 
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AppendixG 

Equations Used to Calculate the Total Number of Cigarettes Smoked Over the Lifetime 
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Equation 1 - Total years smoked over the lifetime: 
(Age stopped smoking)- (Age started smoking)- (Total years temporarily stopped smoking) 

Equation 2 - Total number of cigarettes smoked over the lifetime: 
(Approximate number of cigarettes smoked/day) x (365.25 days/year) x (Total years smoked) 

Equation 3 - Total packages of cigarettes smoked over the lifetime: 
(Total cigarettes smoked over the lifetime) I (20 cigarettes/package) 
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AppendixH 

Hierarchical Multiple Regression Analyses With Age as the Only Covariate 

(Height and Weight Not Included as Covariates) 
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Table HI 

Results of hierarchical multiple regression analysis (complete data, n=2565) evaluating 

the unique variance of physical activity energy expenditure (P AEE) and cigarette 

smoking consumption (CSC) to the prediction of lumbar spine (LS) BMD, while 

controlling for age (not height and weight) 

Predictor Variable B SEB 

Step 1 Constant 1.018 
Age .00037 .000 .031 .001 .001 

Step 2 Constant 1.008 
Age .00054 .000 .046* 
PAEE .00014 .000 .041* 
esc -.01230 .007 -.035 .004 .003* 

Step 3 Constant 1.014 
Age .00054 .000 .045* 
PAEE .00004 .000 .012 
esc -.02020 .010 -.057 
PAEExCSC .00015 .000 .042 .004 .000 

* p< .05. 
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Table H2 

Results of hierarchical multiple regression analysis (complete data, n=2565) evaluating 

the unique variance of physical activity energy expenditure (P AEE) and cigarette 

smoking consumption (CSC) to the prediction of femoral neck (FN) BMD, while 

controlling for age (not height and weight) 

Predictor Variable B SEB 

Step 1 Constant .989 
Age -.00299 .000 -~322* .104 .104* 

Step 2 Constant .983 
Age -.00286 .000 -.308* 
PAEE .00010 .000 .036 
esc -.01070 .005 -.039* .107 .003* 

Step 3 Constant .985 
Age -.00286 .000 -.308* 
PAEE .00005 .000 .019 
esc -.01430 .008 -.052 
PAEExCSC .00007 .000 .025 .107 .000 

* p<.05. 
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Appendix. I 

Summary of Missing Data After the Deletion of Subjects with Missing BMD Data 
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Variable Screened for 
Missing Values 

Age 
Height 
Weight 
Physical Activity 
Cigarette Smoking 
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Number of Subjects 
With Missing Values 

0 
1 
1 
4 

21 



Appendix J 

Raw Data Hierarchical Multiple Regression Analyses 
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Table J1 

Results of hierarchical multiple regression analysis (raw data, n=2884) evaluating the 

unique variance of physical activity energy expenditure (P AEE) and cigarette smoking 

consumption (CSC) to the prediction of lumbar spine (LS) BMD, while controlling for 

age, height, and weight 

Predictor Variable B SEB 

Step 1 Constant .543 
Age .00083 . .000 .070* 
Height .00091 .001 .039 
Weight .00356 .000 .283* .092 .092* 

Step 2 Constant .549 
Age .00102 .000 .086* 
Height .00080 .001 .034 
Weight .00361 .000 .287* 
PAEE .00016 .000 .044* 
esc -.01566 .007 -.044* .096 .004* 

Step 3 Constant .555 
Age .00102 .000 .085* 
Height .00079 .001 .034 
Weight .00361 .000 .287* 
PAEE .00007 .000 .020 
esc -.02213 .010 -.062* 
PAEExCSC .00013 .000 .034 .096 .000 

* p < .05. 
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Table J2 

Results of hierarchical multiple regression analysis (raw data, n=2884) evaluating the 

unique variance of physical activity energy expenditure (PAEE) and cigarette smoking 

consumption (CSC) to the prediction of femoral neck (FN) BMD,. while controlling for 

age, height, and weight 

Predictor Variable B SEB 

Step 1 Constant .700 
Age -.00271 .000 -.291 * 
Height .00003 .000 .002 
Weight .00326 .000 .333* .214 .214* 

Step 2 Constant .705 
Age -.00255 .000 -.275* 
Height -.00005 .000 -.003 
Weight .00331 .000 .337* 
PAEE .00012 .000 .042* 
esc -.01401 .005 -.051 * .218 .004* 

Step 3 Constant .708 
Age -.00255 .000 -.275* 
Height -.00006 .000 -.003 
Weight .00331 .000 .337* 
PAEE .00008 .000 .030 
esc -.01647 .007 -.060* 
PAEExCSC .00005 .000 .017 .218 .000 

* p < .05. 
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Appendix K 

Hierarchical Multiple Regression Analyses with Transformed P AEE Variable 

142 



Table Kl 

Results of hierarchical multiple regression analysis (complete data, n=2565) evaluating 

the unique variance of the square root transformation of physical activity energy 

expenditure (P AEE) and cigarette smoking consumption (CSC) to the prediction of 

lumbar spine (LS) BMD, while controlling for age, height, and weight 

Predictor Variable B SEB 

Step 1 Constant .540 
Age .00078 .000 .066* 
Height .00093 .001 .040 
Weight .00356 .000 .283* .093 .093* 

Step 2 Constant .541 
Age .00099 .000 .083* 
Height .00078 .001 .033 
Weight .00363 .000 .289* 
PAEE .00288 .001 .053* 
esc -.01548 .007 -.044* .097 .004* 

Step 3 Constant .551 
Age .00099 .000 .083* 
Height .00077 .001 .033 
Weight .00363 .000 .289* 
PAEE .00162 .002 .030 
esc -.02756 .016 -.078 
PAEExCSC .00186 .002 .044 .097 .000 

Note. P AEE = square root transformation of physical activity energy expenditure. 

* p < .05. 
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Table K2 

Results of hierarchical multiple regression analysis (complete data, n=2565) evaluating 

the unique variance of the square root transformation of physical activity energy 

expenditure (PAEE) and cigarette smoking consumption (CSC) to the prediction of 

femoral neck (FN) BMD, while controlling for age, height, and weight 

Predictor Variable B SEB 

Step 1 Constant .701 
Age -.00271 .000 -.292* 
Height .00003 .000 .001 
Weight .00326 .000 .333* .214 .214* 

Step 2 Constant .702 
Age -.00253 .000 -.272* 
Height -.00011 .000 -.006 
Weight .00332 .000 .339* 
PAEE .00251 .001 .050* 
esc -.01373 .005 -.060* .220 .006* 

Step 3 Constant .706 
Age -.00253 .000 -.272* 
Height -.00011 .000 -.006 
Weight .00332 .000 .339* 
PAEE .00197 .001 .047 
esc -.01890 .011 -.068 
PAEExCSC .00080 .002 .024 .220 .000 

Note. P AEE = square root transformation of physical activity energy expenditure. 

* p<.05. 
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AppendixL 

Hierarchical Multiple Regression Analyses Excluding Outliers (>4 SD) 
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Table L1 

Results of hierarchical multiple regression analysis (complete data excluding outliers 

>4 SD, n=2521) evaluating the unique variance of physical activity energy expenditure 

(P AEE) and cigarette smoking consumption (CSC) to the prediction of lumbar spine 

(LS) BMD, while controlling for age, height, and weight 

Predictor Variable B SEB AR2 

Step 1 Constant .554 
Age .00070 .000 .060* 
Height .00091 .001 .040 
Weight .00348 .000 .286* .094 .094* 

Step 2 Constant .560 
Age .00089 .000 .077* 
Height .00079 .001 .035 
Weight .00354 .000 .290* 
PAEE .00019 .000 .050* 
esc -.01518 .007 -.044* .098 .004* 

Step 3 Constant .567 
Age .00089 .000 .077* 
Height .00078 .001 .034 
Weight .00354 .000 .290* 
PAEE .00009 .000 .023 
esc -.02289 .010 -.067* 
PAEExCSC .00015 .000 .040 .099 .000 

* p<.05. 

146 



Table L2 

Results of hierarchical multiple regression analysis (complete data excluding outliers 

>4 SD, n=2521) evaluating the unique variance of physical activity energy expenditure 

(PAEE) and cigarette smoking consumption (CSC) to the prediction of femoral neck 

(FN) BMD, while controlling for age, height, and weight 

Predictor Variable B SEB 

Step 1 Constant .696 
Age -.00274 .000 -.297* 
Height .00007 .000 .004 
Weight .00323 .000 .335* .221 .221* 

Step 2 Constant .702 
Age -.00257 .000 -.279* 
Height -.00002 .000 -.001 
Weight .00328 .000 .339* 
PAEE .00014 .000 .046* 
esc -.01541 .005 -.057* .226 .005* 

Step 3 Constant .702 
Age -.00257 .000 -.279* 
Height -.00002 .000 -.001 
Weight .00328 .000 .339* 
PAEE .00013 .000 .045 
esc -.01581 .007 -.058* 
PAEExCSC .000008 .000 .003 .226 .000 

* p < .05. 
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AppendixM 

Descriptive Information on Height and LS BMD Across Age Groups 
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Table Ml 

Age Groups (Decades) Height (em) 

25 to <30 177.13 ± 6.85 

30to <40 176.77 ± 7.14 

40 to <50 174.77 ± 7.19 

50 to <60 174.42 ± 6.90 

60to <70 173.56 ± 7.03 

70 to <80 171.81 ± 6.79 

80+ 170.15 ± 7.82 
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TableM2 

Age Groups (Decades) LS BMD (g/cm2
) 

25 to <30 1.060 ± 0.131 

30 to <40 1.059 ± 0.126 

40 to <50 1.016 ± 0.145 

50 to <60 1.014 ± 0.150 

60 to <70 1.052 ± 0.177 

70to <80 1.057 ± 0.196 

80+ 1.033 ± 0.19-0 
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AppendixN 

Frequency Distribution for P AEE and CSC 
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Table N1 

Number of Subjects in Each of the Physical Activity (P A) and Cigarette Smoking 

Groups 

Smoking Groups LowPA Moderate PA HighPA 

Non-Smokers 257 317 299 

Low Smokers 161 172 225 

Moderate Smokers 183 199 182 

High Smokers 209 204 157 

Non-smokers: Defmed as men who had never smoked daily for at least 6 months 
Smokers: Defined as men who had ever smoked daily for 6 months or more 

Smoking Groups (in tertiles): 
- Mean for Low Smokers 
- Mean for Moderate Smokers 
- Mean for High Smokers 

Physical Activity Groups (in tertiles): 

= 2529 cigarette packs/lifetime 
= 8808 cigarette packs/lifetime 
= 22,757 cigarette packs/lifetime 

- Mean for Low P A = 11.2 MET -hr/wk or kcallkg/wk 
- Mean for Moderate P A = 3 7.4 MET -hr/wk or kcallkg/wk 
- Mean for High P A = 103.0 MET -hr/wk or kcallkg/wk 
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AppendixO 

Hierarchical Multiple Regression Analyses Entering P AEE and CSC Separately 
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Table 01 

Results of hierarchical multiple regression analysis (complete data, n=2565) evaluating 

the unique variance of physical activity energy expenditure (P AEE) and cigarette 

smoking consumption (CSC) to the prediction of lumbar spine (LS) BMD, while 

controlling for age, height, and weight 

Predictor Variable B SEB till.2 

Step 1 Constant .540 
Age .00078 .000 .066* 
Height .00093 .001 .040 
Weight .00356 .000 .283* .093 .093* 

Step 2 Constant .539 
Age .00089 .000 .075* 
Height .00085 .001 .037 
Weight .00359 .000 .285* 
PAEE .00015 .000 .042* .094 .002* 

Step 3 Constant .546 
Age .00097 .000 .082* 
Height .00082 .001 .035 
Weight .00361 .000 .287* 
PAEE .00015 .000 .043* 
esc -.01559 .007 -.044* .096 .002* 

* p < .05. 
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Table 02 

Results of hierarchical multiple regression analysis (complete data, n=2565) evaluating 

the unique variance of physical activity energy expenditure (P AEE) and cigarette 

smoking consumption (CSC) to the prediction of femoral neck (FN) BMD, while 

controlling for age, height, and weight 

Predictor Variable B SEB 

Step 1 Constant .701 
Age -.00271 .000 -.292* 
Height .00003 .000 .001 
Weight .00326 .000 .333* .214 .214* 

Step 2 Constant .700 
Age -.00263 .000 -.283* 
Height -.00003 .000 -.002 
Weight .00328 .000 .335* 
PAEE .00011 .000 .040* .216 .002* 

Step 3 Constant .706 
Age -.00256 .000 -.275* 
Height -.00006 .000 -.003 
Weight .00331 .000 .337* 
PAEE .00011 .000 .042* 
esc -.01377 .005 -.050* .218 .002* 

* p < .05. 
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Table 03 

Results of hierarchical multiple regression analysis (complete data, n=2565) evaluating 

the unique variance of cigarette smoking consumption (CSC) and physical activity 

energy expenditure (P AEE) to the prediction of lumbar spine (LS) BMD, while 

controlling for age, height, and weight 

Predictor Variable B SEB 

Step 1 Constant .540 
Age .00078 .000 .066* 
Height .00093 .001 .040 
Weight .00356 .000 .283* .093 .093* 

Step 2 Constant .548 
Age .00087 .000 .073* 
Height .00091 .001 .039 
Weight .00358 .000 .285* 
esc -.01519 .007 -.043* .095 .002* 

Step 3 Constant .546 
Age .00097 .000 .082* 
Height .00082 .001 .035 
Weight .00361 .000 .287* 
esc -.01559 .007 -.044* 
PAEE .00015 .000 .043* .096 .002* 

* p < .05. 
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Table 04 

Results of hierarchical multiple regression analysis (complete data, n=2565) evaluating 

the unique variance of cigarette smoking consumption (CSC) and physical activity 

energy expenditure (P AEE) to the prediction of femoral neck (FN) BMD, while 

controlling for age, height, and weight 

Predictor Variable B SEB 

Step 1 Constant .701 
Age -.00271 .000 -.292* 
Height .00003 .000 .001 
Weight .00326 .000 .333* .214 .214* 

Step 2 Constant .708 
Age -.00264 .000 -.284* 
Height .000004 .000 .000 
Weight .00328 .000 .335* 
esc -.01347 .005 -.049* .216 .002* 

Step 3 Constant .706 
Age -.00256 .000 -.275* 
Height -.00006 .000 -.003 
Weight .00331 .000 .337* 
esc -.01377 .005 -.050* 
PAEE .00011 .000 .042* .218 .002* 

* p<.05. 
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