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Abstract 

Background: Low bone mass in young women is associated with a higher risk of 

developing osteoporosis and osteoporosis-related fractures in later life. Objective: This 

secondary data analysis aimed to assess the relationship between lifestyle factors (high-

impact exercise, dairy intake, hormonal contraceptive use, and alcohol consumption) 

gathered by a questionnaire and calcaneal quantitative ultrasound measures. Methods: 

Healthy young women (n=207) aged 18-25 years completed a diet and physical activity 

questionnaire, and their bone status was determined by quantitative ultrasound. A novel 

method, the lifetime osteogenic exercise score (LOGES), which includes the duration, 

frequency, osteogenic effect of each physical activity, and pubertal stage, was used to 

quantify bone-related exercise histories. Results: Dairy or alcohol intake or hormonal 

contraceptive use were not correlated with BUA, SOS, and SI. However, participants 

with high LOGES had significantly higher BUA (dB/MHz) [F(4, 206) = 2.84, P=0.025], 

SOS (m/s) [F(2, 206) = 10.0, P= 0.000], and SI [F (2, 206) = 7.62, p = 0.000)]. 

Conclusions: High-impact exercise before, during, and after puberty appears to be 

crucial for women to have stronger bones, and the LOGES system differentiated bone 

status in young women. 
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Chapter 1: Introduction 

Low bone mass in young adulthood is associated with a higher risk of developing 

osteoporosis and osteoporosis-related fractures in later life (1, 2). Bone is accrued rapidly 

during adolescence, with peak bone mass (PBM) occurring between ages 20 to 30 (3, 4). 

However, peak bone mass at some sites such as calcaneal has been achieved in young 

adults by the age of 19 (5, 6). This suggests that there is considerable opportunity to 

optimize bone accretion in early-stage development (7, 8). This may be particularly 

important for women who are often at a greater risk of low bone mass and osteoporosis-

related fracture in later life (1).  

Bone mass and structure in are often assessed by dual-energy X-ray absorptiometry 

(DXA) for clinical use. PQCT is used primarily in research and is mostly unavailable for 

clinical use (9). However, these methods are not commonly used in healthy women due 

to resource allocation issues and radiation risk. Quantitative ultrasound (QUS) is a lower-

cost, effective, non-invasive method of estimating bone status and provides an alternative 

to radiation-based bone assessment (10).  

Different factors are associated with bone accrual and loss of bone tissue. Some of these 

factors are considered non-modifiable, such as genetics, ethnicity, and chronic diseases, 

whereas others are considered modifiable, such as lifestyle behaviors, like physical 

activity, nutrition, consumption of alcohol, and hormonal contraceptive use (11). This 

study is a secondary analysis of data from the study “Does exercise mitigate the negative 

effects of oral contraceptives on bone in young women?”. This study aims to assess the 

relationship between lifestyle factors (high-impact exercise, dairy intake, hormonal 
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contraceptive use, and consumption of alcohol) and bone status (Stiffness Index, 

broadband ultrasound attenuation, and speed of sound) amongst healthy young adult 

women living in Nova Scotia. 

1.1. Objectives of study 

1.1.1. Study purpose 

This secondary data analysis aims to assess the relationship between lifestyle factors 

(osteogenic exercise, dairy intake, contraception uses, and alcohol) and bone status in a 

cohort of young women (n=227) from Halifax, Nova Scotia. These data were originally 

collected for two studies with identical protocols, one that aimed to determine if high 

levels of physical activity during childhood and adolescence mitigated an adverse effect 

of hormonal contraceptives on bone status in young women, and a second study that 

investigated whether use of hormonal contraceptives immediately post-puberty has a 

negative effect on the bone status of young women. 

1.1.2. Specific objectives 

Primary objective: 

1. To assess the relationship between high-impact exercise before, during, and after 

puberty, as assessed by the novel method, Lifetime OsteoGenic Exercise Score 

(LOGES), and bone status as assessed by quantitative ultrasound at the calcaneus in 

healthy young women. 

Secondary objectives: 

 

2. To assess the relationship between dairy intake (i.e., self-reported dairy product 

consumption) and bone status (i.e., Stiffness Index, Broadband Ultrasound Attenuation, 

and Speed of Sound assessed by quantitative ultrasound at the calcaneus) in healthy 
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young women. 

3. To assess the relationship between hormonal contraceptive use via a questionnaire 

about current use, history of use, period of use, and bone status as assessed by 

quantitative ultrasound at the calcaneus in healthy young women. 

4. To assess the relationship between alcohol consumption and bone status as assessed by 

quantitative ultrasound at the calcaneus in healthy young women. 
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Chapter 2: Literature review 

2.1. Bone growth and development 

Development of the human skeleton begins in the embryo, where cartilage formation is 

replaced by bone in the process of endochondral ossification (12). The bone grows in 

length and width. Bone mass accretion in both women and men dramatically increases 

before and during puberty (13). Long bone growth stops as the growth plates close at 

puberty. High estrogen levels at the end of puberty result in growth plate closure and 

thereby ending longitudinal bone growth (14). However, bone growth in width  continues  

and causes bone shape and mechanical changes (15). Bone growth and development are 

made of complex interactions which depend on genetic and environmental factors (16).  

 

2.1.1. Bone cells and structure 

Bone is a mineralized tissue that includes osteoblasts, osteocytes, and osteoclasts (17, 

18). Osteoblasts are responsible for new bone formation (19). They synthesize and 

secrete bone matrix and regulate the calcium and phosphate balance by participating in 

bone mineralization during bone development (20). Osteocytes, which comprise 90–95% 

of all bone cells, reside within the bone matrix (21). They descend from osteoblasts and 

are situated to respond to changes in physical forces on the bone (22). Osteoclasts cells 

are responsible for aged bone resorption by degrading bone and mediating bone loss in 

pathologic conditions by increasing their resorptive activity (23).  

The bone has cortical and trabecular compartments. Cortical bone forms external parts of 

long bones and therefore constitutes the outer shell of trabecular bone (24). On the other 

hand, the trabecular bone can be found in the ends of long bones. It is more porous, and 
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the open weave of bone allows for active metabolic exchange (25). 

2.1.2. Building bone during young adulthood 

 

Before age 18, bone mineral content increases, applying mainly to bone size and cortical 

thickness (1, 26). After the age of 20 years old, most of an adult's bone mass, geometry, 

and microstructure will be achieved by the remodeling of endosteal surfaces (27). In turn, 

maximal bone mass, often termed peak bone mass, is usually reached between 20 and 30 

years of age (27). Although peak bone mass is higher in men than women (1), studies 

showed it occurs earlier in women, related to differential timing in pubertal growth and 

closure of epiphyses, for linear length (1-3). Studies showed that childhood and 

adolescence are the most critical periods of skeletal mineralization (28). Also, the amount 

of bone accrued during the growing years is an important risk factor for fractures in later 

life (29). In the Saskatchewan Pediatric Bone Mineral Accrual Study, Bailey et al. 

showed that the amount of bone mineral accumulated during the adolescent years is 

substantial (Figure 1) (30). They demonstrated that the amount of bone gained in the 2 

years preceding peak bone accrual velocity is comparable to the amount of bone mass 

lost throughout 30 years of adult life. 
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Figure 1: Total body (TB) peak BMC velocity (PBMCV) curve illustrating velocity at peak and ages at 

peak BMC and peak height velocities by chronological age for boys and girls. PHV = peak height 

velocity(30). 

 

After achieving the peak bone mass, ongoing bone remodeling usually leads to cortical 

and trabecular bone loss over time in both sexes. However, this loss is varied in weight-

bearing and non-weight-bearing bones (31-33). Although family history, genetic 

heritability, sex, and race are the main factors that affect peak bone mass, diet and 

physical activity are responsible for up to 25% of peak bone mass (34).  

Nutrients and food components can potentially have a positive or negative impact on 

bone health (35). They may affect bone by various mechanisms, such as changing the 

bone structure, alteration of bone metabolism rate, and homeostasis of calcium and 

possibly of other bone-active mineral elements (36). These dietary factors include 

inorganic minerals such as calcium, magnesium, phosphorus, and some trace elements, 
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vitamins, and macronutrients (35). Calcium is an essential element for the body and is 

crucial in mineralizing the skeleton. Bones and teeth store more than 99% of the calcium 

in the body as calcium hydroxyapatite (37). Calcium plays an important function in 

normal heart rhythms, blood clotting, helping muscles contract, and nerve functions. 

Calcium in the bone also provides skeletal strength, acts as a reservoir of calcium to be 

released into the bloodstream, and helps these critical metabolic needs through bone 

remodeling (38).  

2.1.4. Bone and mechanical loading 

Many studies were conducted to figure out the response of bone to mechanical loading. 

Based on Wolff's Law, which Julius Wolff developed in the 19th century, our bones 

adapt to the loads placed upon them and become thicker and stronger over time. On the 

other hand, if there are no forces to act against, the bones become less dense and weaker 

due to the lack of the stimulus required for continued remodeling (39, 40). The 

relationship between bone remodeling and mechanical loading is usually assumed to 

follow the so-called Mechanostat Theory. The Mechanostat theory, first proposed by 

Harold Frost in 1987, proposes that a mechanism is present that monitors all the bone 

processes, such as the modeling and remodeling of the bone (41, 42). Therefore, when a 

bone receives a mechanical stimulus, it has the ability to detect if necessary thresholds of 

strain have been reached and, if so, the adaptation of the bone to increase bone strength 

will occur (43, 44). In 2008, Alexander Robling and coauthors published a set of 

experiments that elucidated the molecular mechanisms through which mechanical stimuli 

on bone translated to greater bone strength (45). The Wnt/Lrp5 pathway is essential to 

bone formation.  However, the presence of sclerostin (Scl) in bone blocks Wnt from 
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combining with Lrp5, thereby blocking bone formation. When osteocytes in a bone sense 

a mechanical stimulus that is of sufficient magnitude, they reduce or stop producing 

sclerostin, and bone formation can therefore proceed. Robling et al. demonstrated that the 

intensity of stimuli differs in different parts of a long bone, which is directly reflected in 

the degree of Scl loss (45). Later research determined that the Wnt signaling pathway 

also plays an important role in the osteogenic differentiation of mesenchymal stem cells. 

Even in these initial stages of cell differentiation into bone cells, Wnt signaling activation 

leads to bone formation (46).  

2.2. Bone measurement techniques 

Different measurement techniques evaluate skeletal status, assess osteoporosis, and 

determine fracture risk (47, 48). However, non-invasive measurement of bone mineral 

content (BMC) (g) and bone mineral density (BMD) (g*cm-2)) measured by dual-energy x-

ray absorptiometry (DXA) remains the gold standard for clinical purposes recommended 

by the World Health Organization (WHO) and other guidelines for clinical use (49, 50). 

BMD is an independent predictor of fracture risk and is strongly associated with bone 

strength. BMD is influenced by many factors such as genetics, diet, exercise, and 

smoking which may affect the outcomes (51). Therefore, BMD and bone turnover 

markers are more commonly used as surrogate outcomes in studies on premenopausal 

women (52). Also, BMD testing is used to monitor bone treatment in a clinical setting. 

However, DXA has limitations, and there are several other non-invasive methods used to 

estimate skeletal strength and frequently used in a research setting.  

 



 

9 

 

2.2.1. A summary of common ways to assess human bone in vivo 

 

Several techniques are available to estimate bone strength.  These measurement 

techniques characterize different contributing factors to bone strength,  such as BMD, 

areal BMD (aBMD*) ) (g*cm-2)), volumetric BMD (vBMD**) (g*cm-2)), Speed of sound 

(SOS***) (m/s), broadband attenuation (BUA****) (dB/MHz),  bone geometry, and, in 

some cases, microarchitecture (53). Of these methods, the most common are DXA, 

pQCT, and QUS, which will be described briefly in further sections. 

2.2.2. Dual-energy X-ray absorptiometry 

2.2.2.1  What is DXA? 

DXA is the most commonly used method for clinically assessing BMD and the risk of  

osteoporosis (50). It is a two-dimensional imaging x-ray technique that assesses the 

attenuation of x-ray beams as they pass through tissues with different densities (53). It 

has excellent repeatability and, therefore, permits monitoring the effectiveness of bone 

therapy over time. It can evaluate BMD in the whole body or specific sections of it (50).  

 

 

 

 

 

________________________________________________________________________ 

*aBMD: BMC divided by area, usually measured by DXA. 

**vBMD: BMC per volume of bone, usually measured by CT or MRI. 

***SOS: measured by QUS 

****BUA: measured by QUS 
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Figure 2:  DXA scan images (A: whole body, B: forearm, C: lumbar spine, D: hip) (54) 

 

2.2.2.2  What does DXA measure? 

DXA can be used to analyze the whole body to assess the mineral content of the entire 

skeleton (54). DXA can also look at site-specific bone and measures aBMD in the spine 

and hip, as these are considered clinically relevant sites due to being especially 

debilitating in osteoporosis patients (50). In addition, a software system called the hip 

structural analysis algorithm can be used to estimate the structural strength of the 

proximal femur (55). However, DXA cannot measure three-dimensional bone geometry 

and differentiate BMD between cortical and trabecular fractions (56).  

2.2.2.3  How does DXA measure bone? 

DXA emits two low-dose x-rays through the targeted tissue, which are absorbed 

differently by bones and soft tissues depending on the intensity of density and thickness 

of the tissue. Therefore, BMD is evaluated by analyzing the density profiles from these x-

rays (54). 
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2.2.3. Peripheral quantitative computed tomography (pQCT) 

2.2.3.1. What is pQCT? 

Peripheral QCT is a three-dimensional imaging technique that uses computed 

tomography equipment to construct three-dimensional bone images. These images 

provide information on bone geometry as well as a volumetric evaluation of cancellous 

and trabecular bone density because CT can differentiate between the cortical and 

trabecular bone fractions (53). This methodology is used primarily in research and is 

mostly unavailable for clinical use. High-resolution peripheral quantitative computed 

tomography (HRpQCT) is a 3-dimensional scanner that can perform a virtual bone 

biopsy and allows us to look at the bone structure in greater detail with superior 

sensitivity for bone changes and abnormalities (57). 

2.2.3.2. What does pQCT measure? 

pQCT measures vBMD of trabecular and cortical bone architecture and geometry. These 

measures include bone volume (mm3), bone surface (mm3), trabecular and cortical 

thickness (mm), cortical porosity (%), trabecular number (per mm), and trabecular and 

cortical BMD (mg HA*cm-3) (57). From such data, the bone structural strength in 

compression, bending, and torsion can be estimated (58, 59) 
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2.2.3.3. How does pQCT measure bone? 

Since the density of cortical and trabecular bone compartments differs, pQCT analyzes x-

ray beam differential attenuation to create bone images, allowing for the separation of 

trabecular and cortical measures and a better understanding of skeletal status (53, 58). 

Detailed information from pQCT on bone density, geometry, size, and strength, may 

better predict skeletal fragility than bone density alone (60-62). 

 

2.2.4. Quantitative ultrasound (QUS) 

2.2.4.1. What is QUS? 

QUS is a scanning technique that uses sound waves to assess the bone status and identify 

individuals at high risk for osteoporosis-related fractures (50, 63). QUS emits no 

radiation, requires relatively little training, and the instrument is substantially less 

expensive to purchase than those used for DXA or pQCT. In addition, it requires less 

physical space and is somewhat portable. Its lower cost makes it attractive to measure the 

amount of bone and its material and structural properties (64-67). Also, the low cost of 

QUS, not using ionizing radiation, and the ability of sound waves to incorporate several 

Figure 3: pQCT scans of radius (top row) and tibia (bottom row) (283) 
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bone properties such as BMD and bone elasticity have significantly increased its 

utilization (68). 

Figure 4: QUS images (Phalangeal, tibia and calcaneal)  

 

 

The elastic nature of ultrasonic waves in QUS appears to be useful in the examinations of 

bone tissue quality (69). QUS assesses bone mineral status in some peripheral skeletal 

sites such as calcaneus, phalanges of the hand, and tibia (70). QUS measurements of the 

calcaneus have been shown to be effective in predicting osteoporotic fractures with a 

similar performance to hip DXA (71-76). Also, the scan is quick, comfortable for 
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patients, and has a user-friendly design that makes it easy to operate  (77). 

The calcaneal site is the most common location to measure QUS and determine bone 

status. Reasons for the selection of the calcaneus include that there is a considerable body 

of data to which results can be compared because, compared to the other bone segments, 

more QUS research has been performed on the calcaneus (78). Secondly, 95% of the 

calcaneus is trabecular bone, which response to factors faster than cortical bone  (79). 

Most QUS instruments are designed to be used on the calcaneus. The various iterations of 

the Achilles Insight instrument have been the most used QUS system worldwide. They 

measure BUA (dB/MHz), SOS (m/s), and a composite variable, resulting from the SOS 

and BUA combined, the Stiffness index (SI) (80). However, other QUS devices have 

been designed to be used on the tibia, radius, and/or finger (71). These devices also differ 

in coupling methods and parameter calculation algorithms (71). As the sound waves pass 

through the bone, QUS measures the SOS and any changes in BUA (81).  

 

2.2.4.2. How does QUS measure bone? 

QUS devices generate pulsed acoustic waves with a range of centre frequencies between 

500 kHz and 1.25 MHz, depending on the manufacturer. While Calcaneal QUS devices 

use a thermally controlled water bath for transmission of the ultrasound waves, others use 

coupling gel (Phalangeal) or gel-free system using isopropyl or ethylic alcohol (70%). 

In calcaneal QUS devices, unique piezoelectric probes are positioned on each tissue side 

to emit and receive sound waves that pass-through bone longitudinally or horizontally 

(81). QUS then measures ultrasound parameters in bone, including SOS and/or the 

frequency dependency of the attenuation of the ultrasound signal, or BUA (82). In 
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general, SOS and BUA are lower in osteoporotic bones with less trabecular mass than in 

non-osteoporotic bone; BUA is lower because there are fewer trabeculae in the calcaneus 

to attenuate the signal, and the SOS is lower because, with the loss of mineralized bone, 

the elastic modulus of the bone is decreased. SI, calculated from BUA and SOS, is the 

sum of the scaled and normalized BUA and SOS values. The SI combines BUA and SOS 

into a single measure that has a lower precision error than either variable alone (205). The 

Achilles instrument uses the following formula, SI = ((0.67*BUA + 0.28*SOS) – 420). 

2.3. Factors that influence bone 

Different factors are associated with bone mass accrual and can influence bone health 

during childhood and adolescence. Some of these factors are considered non-modifiable, 

such as genetics, ethnicity, and sex, whereas others are considered modifiable, such as 

lifestyle behaviors (e.g., physical activity, nutrition, smoking, caffeine, consumption of 

alcohol, and hormonal contraceptive use) (53). 

 

2.3.1. Non-modifiable factors 

Non-modifiable factors such as genetics, ethnicity, sex, and pubertal timing can 

significantly affect bone strength (83). Heritable factors could explain 60–80% of the 

variability in bone mass and osteoporosis risk (53). Racial differences are associated with 

various rates of BMD gain (84). For instant, cross-sectional studies on premenopausal 

and postmenopausal women showed white women have bigger bone sizes at the distal 

radius and distal tibia compared with Asian women. However, Asian women had thicker, 

denser cortices and thicker trabeculae (85). Moreover, men and women have differences 

in BMC and BMD, especially after puberty (84, 86, 87). Puberty is an important period in 
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life that is characterized by endocrine-initiated reproductive maturation and noticeable 

growth in the skeleton (88, 89). Although puberty timing is not modifiable (90, 91), 

studies showed that later puberty may be associated with lower BMD in adolescence and 

adulthood (92, 93) and a higher risk of osteoporosis later in life. However, the association 

between puberty timing and long-term bone accrual from early life up to adulthood is still 

unclear (94).  

 

2.3.2. Modifiable factors 

Previous studies suggested that modifiable factors are also associated with bone strength 

and the prevalence of osteoporosis (53, 95). Diet and physical activity are the main 

modifiable factors affecting bone health (96).  Here, we review four main modifiable 

factors that contribute to bone strength in most healthy, non-smoking young women. 

2.3.2.1. Physical activity and exercise  

Physical activity includes any form of body movements such as occupational, sports, 

conditioning, household, or other activities resulting from using energy. On the other 

hand, exercise is a planned, structured, and subset of repetitive physical activity that uses 

extra energyy to improve or maintain physical fitness (97). 

 



 

17 

 

Figure 5: Physical activity spectrum (285) 

  

 Physical activity is a low-cost activity that is widely accessible and associated with bone 

health. It is a modifiable factor that contributes to peak bone mass and strength and is one 

of the most common recommendations as an effective intervention for improving bone 

health among women of all ages (98). Exercise causes mechanical signals to be sent to 

the skeleton. These signals may initiate a cascade of molecular responses, which can lead 

to greater bone apposition (99, 100). In the last few years, many clinical and laboratory 

studies have been conducted to address strategies for maximizing the osteogenic effects 

of exercise (53, 101).  Among different kinds of exercises, the evidence for the high 

impact, such as jumping and running, is the most robust and recommended by 

International Osteoporosis Foundation and other agencies for osteoporosis prevention 

(99, 102, 103). In addition, investigations showed that weight-bearing activity in both 

sexes has the most significant positive associations with BMD (104). a cross-sectional 

study on more than 200 athletes confirmed the positive effect of high-impact, multi-

directional, and repetitive low-impact exercise loading on bone thickness (105). Ground-

based exercises that impart strain rapidly to the skeleton, such as vertical jumping, are 

also known to affect bone strength positively (105). It has been shown that 
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multidirectional loading exercises, such as ball sports, are associated with high-ground 

reaction forces that could lead to higher peak bone mass accrual, more fracture-resistant 

bones, and more strength in bone (106-108). Although common physical activities such 

as cycling and weighting have been shown to be beneficial to bone health and strength, 

they cannot rival in terms of apparent osteogenicity with multi-directional exercises such 

as racket games, step aerobics, speed skating, or soccer (109, 110). According to Wolff's 

Law, these results could be meaningful, suggesting that the greater bone loading forces 

result in stiffer and more fracture-resistant bones. On the other hand, activities that 

include many hours in a limited-strain environment, such as slow walking, provide little 

benefit to the skeleton. 

Recently, more research, including systematic reviews, meta-analyses, and clinical trials, 

that focused on the effects of exercise programs on bone in girls, premenopausal women, 

and postmenopausal or older women has provided new insights. For example, a recent 

study showed that high-intensity resistance and impact training is associated with the 

higher proximal femur and lumbar spine density and geometry in postmenopausal women 

(111). Also, bone adaptation to mechanical loading is greater during growth than after 

maturity (112), and weight-bearing exercise has been shown to increase bone strength 

during adolescence (113). Moreover, a review indicated that high-impact exercise 

alongside weight-bearing and aerobic training might prevent a decline in bone mass with 

aging (114). Similarly, a meta-analysis that investigated the effect of exercise 

interventions for improving bone health, as measured by QUS of the calcaneum, stated 

that 4 to 36 months of exercise is associated with significant improvement in calcaneum 

BUA across the age spectrum (115).  
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Similarly, a meta-analysis and a review showed that high-impact, short-duration jumping 

(116), and high-impact short-bout exercise (117) could significantly improve femoral 

neck BMD and trochanter BMD. However, a systematic review that assessed the effects 

of exercise training on whole-bone strength found no significant overall effects of 

exercise on bone-strength-related parameters (118). Therefore, studies are needed to 

determine the amount of osteogenic physical activity required to improve the bone status 

and, if it occurs at certain times of development, whether it makes a difference to the final 

outcomes of young adult bone.  

Only a few, mostly animal studies, have aimed to determine the duration, dose, and 

timing of the physical activity needed to maximize the development of bone strength 

(119-121). One meta-analysis defined the effectiveness of high-impact and short-duration 

two-legged jumping exercises in women (116). In this meta-analysis, Zhao and 

colleagues reported that skeletal response is highly sensitive and site-specific to jumping 

exercises. They also indicated that the bone response to mechanical stimuli might 

increase with short rest intervals between loading bouts during jumping exercises (116). 

Another study showed that high-intensity resistance and impact training is associated 

with the higher proximal femur and lumbar spine density and geometry in 

postmenopausal women (111). Interestingly, a 12-month randomized control trial 

investigated the relationship between quantities (both magnitude and rate) of strain and 

changes to the bone measured by HRpQCT in young women (122). Results showed that 

the mechanical strain rate and quantity, as well as the number of loading bouts all 

contributed to small but significant changes in bone. 

Historically, researchers have tried to develop methods to predict what types of physical 
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activity could be recommended for developing a strong skeleton. They used different 

methods to code the physical activities by type and by intensity. There are different 

methods to assess physical activity such as self-report questionnaires, self-report activity 

diaries, direct observation, and using devices such as accelerometers, pedometers, and 

heart-rate monitors  (123). Differences in the methods used limit the comparability of 

results across studies.  

To facilitate research in this area, a list of physical activities needs to be comprehensive, 

flexible enough to meet the researchers’ needs, and coded with a standardized system. 

Such a list can be applied to the physical activities done by any one participant, whether 

collected by diary recall or direct observation methods (124). 

Metabolic equivalent of task (METs) is defined as the ratio of metabolic rate in specific 

physical activity compared to a reference which is the amount of energy used while 

sitting quietly (125). In METs, various types of activities can be grouped by purpose and 

intensity, which provides flexibility in calculating the energy cost of physical activities. 

Physical activity intensity can also be indicated using METs and translated into light, 

moderate, and vigorous intensities of exercise (124, 126). METs are usually used to 

categorize cardiorespiratory fitness. 

 Most vigorous exercise that affects the heart also affects the skeleton (127, 128), such as 

soccer and jumping. However, METs can not catch the main characteristics of 

osteogenesis during specific physical activities, specifically mechanical load magnitude 

and application rate (127). Also, water sports, such as swimming and rowing, can result 

in high METs values but exert insufficient strain and/or strain rates on the skeleton (129). 

Moreover, METs require a sustained elevated heart rate, but only a few repetitions of 
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sufficient mechanical strain are needed to improve bone. Although METs might not 

represent the loading of bone, they are still used in some bone and osteoporosis studies 

(130). In 2006, Dolan et al. showed that physical activity loading scores demonstrated 

more consistent positive associations with bone mass compared to physical activity 

measured in METs (131). While METs failed to record the key characteristics of force 

and loading rate associated with physical activities, Dolan et al. presented a bone-loading 

history questionnaire (BLHQ) alongside DXA measures to estimate loads on the hip and 

spine experienced during different life stages in premenopausal women. However, their 

key objective was to identify women at risk of osteoporosis early, not to determine which 

physical activity was most effective for developing a strong skeleton. Therefore, their 

focus was on clinically relevant sites for osteoporosis. However, the BLHQ is a time-

consuming instrument and cannot provide load factors for physical activities from direct 

measures of force (132). 

In another study, Weeks and Beck introduced a brief bone-specific physical activity 

questionnaire (BPAQ) to record both current and historical activity and applied loading 

values of ground reaction forces (GRF) (132). BPAQ records the frequency of current 

and historical activity, load intensity, and years of participation in physical activity. It is 

designed for both sexes and can predict variance in indices of bone strength at clinically 

relevant sites.  

Weeks and Beck compared BPAQ with other common physical activity measures for its 

ability to predict parameters of bone strength in young adults. They showed that BPAQ is 

a better tool to predict bone strength at skeletal sites at risk of osteoporotic fracture than 

BLHQ and other traditional physical activity measures (132). Cross-sectional studies also 
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have found positive associations between BMD and bone-loading physical activities 

estimated by BPAQ scores (133-135). A study used the BPAQ method and examined 

historical self-reported bone in postmenopausal women, suggesting that self-reported 

osteogenic exercise affected bone even years later. In addition, it shows the benefits of 

bone-specific physical activity in early and later life for maintaining bone health in 

women (136). Similarly, a recent study investigated the differences in BMD based on 

alcohol consumption behaviors and bone-loading history using BPAQ and BMI and 

found a positive effect of bone-loading physical activity to increase bone mass before 

peak bone mass formation (137). However, BPAQ does not consider the duration of 

activity (132) and does not demonstrate acceptable validity against accelerometer data 

(138). 

2.3.2.2. Dairy intake and bone  

Nutritional factors contribute to the acquisition of bone mass during young adulthood 

(35, 139, 140). Studies have revealed that nutritional risk factors such as low calcium, 

vitamin D intake, and alcohol intake are associated with developing fragile bones (140). 

The health value of dairy foods is expressed in most food-based dietary guidelines (141). 

Dairy provides nutrients such as calcium, protein, and phosphorus, which are positively 

related to BMD and BMC (142). These nutrients can be poor in diets with limited or no 

dairy products, such as vegan or dairy-restrictive diets (143, 144). A study found that 

milk and milk plus calcium supplementation has a beneficial effect on the arm, spine, and 

whole body in young women (145). Also, a Canadian population-based cohort study 

showed positive associations between dairy intake and lumbar spine BMD (146). Another 

study reported that White girls aged 15–16 years showed an increase in trochanter BMC 
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and trochanter, spine, and femoral neck BMD after 2-years of supplementation with dairy 

products (147). A prospective cohort study showed that higher calcium intake from dairy 

products is associated with higher aBMD at various vertebral sites over a 7-year follow-

up period in 10 to 18 years old girls (148). In another cohort study reported in 2008, after 

a 12-year follow-up period, daily consumption of more than 2 servings of dairy compared 

to weekly consumption of 2 servings of dairy had beneficial effects on BMC in the arms, 

trunk, ribs, and pelvis in adolescents aged 15- to17-years (149). Also, another cross-

sectional study from 2007 found that calcium from milk consumption is associated with 

higher lumbar spine BMC and BMD compared to other dietary sources of calcium in 

postmenarcheal girls ages 12 to 22 years (150). 

In contrast, some observational studies investigating the association between long-term 

dairy consumption and bone health and fractures have suggested that dairy consumption 

is associated with a greater risk of fractures (151, 152). However, longer follow-up and 

including dairy products other than milk may have affected these results. Also, other 

large prospective studies showed that higher milk consumption during adolescence or 

adulthood leads to greater hip fracture risk in both men and women (152, 153). As a 

result, the relevance of dairy products in reducing osteoporotic risk is still controversial.  

Studies primarily assess milk intake in various quantities or servings to estimate the 

consumption of dairy products (154). However, many interventions used other dairy 

products (i.e., yogurt and cheese) along with milk (147, 155-158). Although yogurt and 

cheese have higher nutrient concentrations on a weight basis and smaller serving sizes 

than milk, calcium bioavailability among various dairy products and milk are mostly the 

same (159, 160). Some studies measuring dairy intake ignore the effect of combinations 
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of foods consumed in different dietary patterns (161, 162). Some interventions evaluated 

dairy consumption using a dietary history questionnaire (163, 164). The questionnaire 

could include items on dairy products or questions about servings per day/week (154, 

165). There are also several dietary assessment instruments available to assess dairy 

consumption, including diet records, 24-hour dietary recalls, and Food Frequency 

Questionnaires (FFQ) (166). 

2.3.2.3. Hormonal contraception and bone  

Hormonal contraceptives have been used by many women since their first approval in 

1960 (167). They mainly reduce estrogen and suppress progesterone, the two sex steroids 

produced by the ovaries, thereby decreasing the risk of unintended pregnancy (168). Oral  

hormonal contraceptives are also prescribed for such non-contraceptive benefits as 

reducing menstrual bleeding and lowering acne and may also reduce the risk of ovarian 

and endometrial cancers (169). Estrogen is an important hormonal factor associated with 

bone mass. During adolescence and young adulthood, estrogen has an important effect on 

achieving peak bone mass and the risk of osteoporosis later in life (170-173). High 

estrogen levels at the end of puberty result in growth plate closure (14). Also, it has been 

shown that estrogen inhibits bone remodeling activation and bone resorption (174).  

Progesterone has also been shown to have a similar effect and act in partnership with 

estrogen to achieve optimal peak bone mass (175). The dosages present in hormonal 

contraceptive formulations determine the circulating level of sex steroids. If the sex 

steroid levels were insufficient due to hormonal contraceptive formations, they might 

negatively affect bone tissue metabolism (176). It has been suggested that hormonal 

contraceptives, when taken during puberty, may affect different aspects of bone 



 

25 

 

development, such as decreasing bone turnover within the cancellous bone, which 

increases bone density (177), or closure of the growth plates, which determines the length 

of the bones (178). 

 Most studies that evaluated the effects of HCs on bone, investigated the impacts on 

BMDs (179). Conducting a randomized controlled trial that truly assesses a fracture risk 

endpoint in young people is difficult, due to the decades and multiple life factors of free-

living humans.  

Data derived from different studies on young women who take HC are conflicting. A 

systematic review on young women showed that HC has no effect on BMD and fracture 

rates (180). Similarly, a prospective cohort study on 245 women 18-39 years old found 

no difference in percent changes in the spine, hip, or total body between HC users and 

controls after 36 months (181). Similarly, cross-sectional studies evaluating BMD in 

perimenopausal women also found no significant differences in bone outcomes between 

HC users and nonusers (182-184). In contrast, other studies in young women indicated 

that HC use in the first 3 years post-menarche is associated with lower BMD (185). 

Investigations revealed that taking a low dose (20 mcg Ethinyl estradiol) of HC could 

lead to lower rates of bone mineral accrual in teenagers (185). Similarly, a 12-month 

study on adolescent girls aged 12-18 found smaller BMD gains in teens taking a low-dose 

HC (n=79) compared to nonuser controls (n=107) (186). A Canadian observational study 

investigated the total hip BMD in 16-19 years old girls who had never used HC versus 

those who had. In this study, those who had never used hormonal contraceptives had 

significantly greater gains in total hip BMD compared with those who had taken 

hormonal contraceptives (187). There is no perfect method of assessing contraception 
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use. Direct observation, self-reports, clinic/pharmacy records, pill counts, and electronic 

Monitoring Devices are the common approaches to measuring hormonal contraceptive 

use. Self-reported data on contraception use is often the standard approach for 

contraception research and provides data comparable to previous studies. However, it is 

not so reliable and prone to social desirability bias (188). 

2.3.2.4. Alcohol intake and bone 

Alcohol is a non-essential nutrient and a unique, addictive substance many people 

consume. High consumption of it causes intoxication and can damage the brain, liver, 

muscles, and skeleton (189). Alcohol is usually used for cultural or entertainment 

purposes, and almost one-third of people are current drinkers worldwide (190). It can 

have adverse social effects on the user's family and society and may increase the chance 

of committing crimes and violations (191). Studies indicated that the rate of alcohol 

consumption is as important as the amount of drinking in producing intoxication and 

stimulation (192-194). Therefore, the consumption rate is an important indicator of 

alcohol use. 

Heavy alcohol intake is associated with lower BMD and more fractures (195, 196). 

However, the effect of light-to-moderate alcohol intake on bone status is still 

controversial (195-199). One study reported that drinking two or more glasses of alcohol 

per day could lead to lower hip and spine BMD in men (200). Also, it has been shown 

that there is a significant risk for osteoporosis in young women after drinking 5-24 g of 

alcohol per day (201). Studies proposed a J-shaped association of alcohol intake (heavy 

to light or moderate) with fracture risk (198, 202). A recent meta-analysis assessed 

46,916 individuals with BMD assessment and 240,871 individuals with a risk of fracture 
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(203). It indicated that compared to no alcohol consumption, three or more standard 

drinks of alcohol per day are associated with a higher risk of hip fractures. Also, higher 

alcohol consumption increased the risk for other osteoporosis-related fractures, but this 

observation was not statistically significantly (203). Moreover, experimental studies 

measuring osteocalcin level (a measure of bone formation) before and after periods of 

abstinence (7 days to 2 years) for heavy drinkers (6-17 drinks per day) revealed that 

osteocalcin increased significantly after abstinence from drinking (204-207)  . It has been 

suggested that alcohol may disrupt the balance of calcium concentration in the 

bloodstream, which is required for the nerves and muscle proper functioning (208). 

Alcohol also affects the hormones that regulate calcium metabolism and the hormones 

that influence calcium metabolism, such as steroid reproductive hormones and growth 

hormones (209). 

In contrast, cohort studies suggested that alcohol consumption is positively associated 

with femoral neck bone density (210-213). They found a linear relationship between each 

drink per day and increased femoral neck bone density. Furthermore, Dennison et al. 

(214), Baron et al. (215), and Rejnmark et al. (216) showed that women with greater 

alcohol consumption had lower bone density loss. A recent meta-analysis confirmed 

these findings and showed that up to two standard drinks of alcohol per day is associated 

with higher lumbar and femur neck BMD values than non-drinkers (203). Also, one 

standard drink of alcohol has been shown to be related to an increase in hip BMD 

compared to no alcohol consumption (203). Recently, the focus of research on alcohol 

consumption at the population level is on patterns of consumption. There are different 

ways to assess alcohol consumption (217). Each alcohol consumption collection data 
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technique has a different approach and set of assumptions to convert data on consumption 

to the volume of alcohol consumed (218). However, the most common way in studies is 

by using direct questions included in FFQs (203). Due to the mixed result in the 

literature, we wanted to determine the association of alcohol consumption with bone 

status. 

2.3.2.4. Gaps in the literature 

The evidence for the high impact exercise such as jumping and running and fast multi-

directional ground-based exercises such as soccer, are the most robust and recommended 

by many agencies for osteoporosis prevention (98). However, the amount of osteogenic 

physical activity and whether it makes a difference to final outcomes if it occurs at 

certain times of development of young adult bone is still unclear. Also, a comprehensive 

method that could be used to code physical activities that includes information such as 

duration of activity and puberty stage is missing. 

The relevance of dairy products for increasing BMD and reducing osteoporotic risk is 

still controversial. Some studies found beneficial effects on bone mineral content and 

bone mineral density (148-150); on the other hand, some observational studies have 

suggested that dairy consumption is associated with a greater risk of fractures (151, 152). 

Data derived from different studies on young women using H.C. are conflicting. Some 

studies found no effect or benefits on skeletal health as assessed both BMD and fracture 

risk (180, 181, 219). In contrast, other studies in young women indicated that Hormonal 

contraceptive use is associated with lower bone minerals, especially in the first 3 years 

post-menarche (186, 220). 

The effect of alcohol on bone is still controversial. Some studies found alcohol associated 
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with a higher risk of fractures and lower bone mineral density (200, 221). On the other 

hand, some studies found a positive or no effect of greater alcohol consumption on bone 

density loss (222, 223). 
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Chapter 3: Research questions and hypotheses:  

The aim of my thesis is to assess the relationship between lifestyle factors (high-impact 

exercise, dairy intake, consumption of alcohol, and hormonal contraceptive use) gathered 

by a questionnaire and calcaneal quantitative ultrasound measures. 

3.1. Research questions: 

The research questions for this project are: 

Primary question: 

1. What is the relationship between osteogenic exercise history acquired 

retrospectively and bone status in young women? 

Secondary questions: 

 

2. What is the relationship between current dairy intake and bone status in young 

women? 

3. What is the relationship between current and history of hormonal contraceptive 

use and bone status in young women? 

4. What is the relationship between current alcohol consumption and bone status in 

young women? 

3.2. Hypotheses  

 The hypotheses associated with the research questions above are: 

1. Women with a more robust osteogenic exercise history have higher BUA, SOS, 

and SI.  

2. Women with higher dairy intake have higher BUA, SOS, and SI. 

3. Women with lower hormonal contraceptive use have higher BUA, SOS, and SI. 

4. Women with lower alcohol consumption have higher BUA, SOS, and SI. 
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Chapter 4: Methods 

4.1. Study design 

4.1.1. Original study  

This study was a secondary analysis of data from the original study "Does exercise 

mitigate the negative effects of oral contraceptives on bone in young women?". 

Secondary data analysis is a study in which researchers use the information collected by 

someone else for new purposes. Secondary data analyses usually answer a new research 

question or examine an alternative perspective on the original question of a previous 

study. 

The original study sought to investigate whether the use of hormonal contraceptives at a 

young age has a negative effect on the bone status of young women and, if so, whether 

exercise could mitigate the negative effect on their bone status. They used an Achilles 

InSight bone ultrasonometer (224, 225) to determine SI, BUA (dB/MHz), and SOS (m/s) 

and a questionnaire to measure participants’ basic information, diet and exercise history, 

age at menarche, and hormonal contraceptive history. Data collection occurred in three 

phases. The first phase was between January 21 to February 25, 2009; the second phase 

occurred from October 29 to  November 30, 2009, and the third phase occurred on the 

19th and 20th of January 2010.  The consent forms and the inclusion and exclusion 

criteria were similar during all three data collection phases. However, the inclusion 

criteria were slightly different in the second data collection, where the upper limit for age 

was 24 years while the other two were 25 (see Appendix). These original studies 

recruited 226 young women, and records from 207 women were used for the current 
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analyses. Twelve records were excluded due to incomplete exercise histories, 6 others 

were excluded because the subjects did not meet the age requirements for this analyses, 

and one record was missing. The following table (Table 1) explains the inclusion and 

exclusion criteria. 

 

             Table 1: The inclusion and exclusion criteria for all phases. 

Inclusion 
Exclusion 

  

- Women 

  

 

- Age 18-25 (phases 

1&3) 

 -Age18-24 (phase 2) 

 

 

 

- Non-smokers 

- Are or have been pregnant  

 

- Are or have been post-menopausal through surgical, 

medically induced, or natural menopause 

 

- Have been diagnosed with osteoporosis 

 

- Having a specific underlying disease that could affect 

vitamin D absorption, bone metabolism, and/or bone 

density 

 

- Took medications that could adversely affect bone 

metabolism or vitamin D- absorption 

 

4.1.2. Secondary data analyses study 

In this secondary data analysis, we used the data from the original study, which had been 

collected through primary sources, to assess the relationship between four lifestyle factors 

(high-impact exercise, dairy intake, hormonal contraceptive use, and consumption of 

alcohol) and bone status (SI, BUA, SOS) amongst healthy young adult women living in 

Nova Scotia. We included all 207 participants with complete data sets from the original 

research with the same inclusion and exclusion criteria and the upper age of 25. 
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4.1.3. Ethics 

The original study protocols were approved by the Research Ethics Committee of Capital 

Health (Ethics number: CDHA-RS/2009-263 & CDHA-RS/2008-034) in accordance with 

the Declaration of Helsinki. Before initiating this research work, informed consent forms 

were obtained from all the participants. Ethical approval was not needed for the 

secondary data analyses because it is covered by the original study protocols (see 

Appendix). 

4.2. Measurements: 

Initially, each eligible participant completed the informed consent form and clarified any 

study details. Dalhousie University Kinesiology students Nina Laroche, Britney 

MacMurter, Kendra Bertin, and Vanessa Slayter completed the informed consent with 

participants and did the data collection in three phases. We reported the results of each 

wave separately because there were no differences within and between each data 

collection as a total. 

4.2.1. Anthropometry 

Prior to a data collection session, each participant's height and weight were measured 

using a stadiometer (m) and standard scale (kg), respectively. All participants removed 

their outdoor shoes and jackets but otherwise remained fully clothed during the height 

and weight measurement. Body Mass Index (BMI) was calculated as mass (kg) divided 

by height squared (m2), or BMI= kg*m-2. 

4.2.2. Questionnaires 

Each subject completed a questionnaire that included her age, race, education level, 
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exercise history, and diet history. This questionnaire was developed specifically for this 

study. The information on the lifestyle that the participants provided included dairy 

servings they consume daily (0-1, 2-3, 4 or more), calcium-fortified foods intake 

(everyday, at least once a week, at least once a month, no intake), calcium supplement 

(everyday, taking multivitamin, no intake), and vitamin D supplement (in multivitamin, 

separate, no intake), and their alcohol intake (no drinks, ≤ 2units/day, 0-1/week; ≤ 7 

units/week, ≤ 2 days/wk; > 5 units at one time, ≥ once/wk). The questionnaire also asked 

about their fracture history in their lifetime, medications, age of menarche, past and 

current hormonal contraceptive (HC) use, age of starting, and duration of HC usage (<6 

months, ≥6 months, ≤1 yr, 1-2 yr, 2-3 yr,  >3 yr) and the type of HC used (see Appendix). 

The questionnaire was developed by Dr. Jo Welch (Bryant) specifically for this study. 

4.2.2.1. The lifetime osteogenic exercise score (LOGES) 

Participants were asked to list all past and/or current sports, types of training, or physical 

activity they participate in and/or have participated in, in their lifetime, approximate start 

and end dates, and hours per week they spent engaged in each activity (see Appendix). 

The Lifetime Osteogenic Exercise Score (LOGES) combined information from the 

questionnaire's exercise data with the pubertal stage at which each activity was 

performed. The LOGES equation was developed by Dr. Jo Welch (Bryant) and students 

Tara Dahn and Alex MacDonald to estimate the effect on the skeleton of a single entry in 

an exercise history. It has not been published yet; however, it was presented at the 

American Society for Bone and Mineral Research (ASBMR) conference in 2010 and the 

American College of Sports Medicine (ACSM) Annual Meeting in 2011. 

LOGES = (AR2*D*F*P)/ [(YS/2) +1] 
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AR = Activity rating: Each sport or exercise was assigned a ranking based on the effects 

of that sport or similar activity on bone, as reported in peer-reviewed papers (See Table 

2). 

Physical activity with greater amounts of osteogenic movement, including high loading 

rates, has been shown to be most effective in improving bone microarchitecture and 

strength (226). 

D = Duration of activity: The time over which the activity took place. 

F = Frequency of activity: The number of hours per week 

Both time spent in a specific activity and the pattern of doing it might affect bone 

accretion during and after puberty (227).  

P = Pubertal stage when activity was performed: 

 1= not during puberty (either before or after),  

 2= during puberty,  

 3= before and during puberty. 

Puberty was defined as beginning 2 years before menarche and ending 2 years after 

menarche 

Studies showed that physical activity during puberty is an important predictor of BMD 

and BMC at young ages (228). However, the effect on bone could be varied with normal 

to vigorous physical activity (229). 

YS = Years since the activity was last practiced 

Bone is living tissue; it changes in response to the forces placed upon it over time. 

Regular exercise helps the process of bone remodeling and, as a result, builds more bone 

tissue and creates a denser bone (230). 
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LOGES is calculated for each exercise activity, and then a sum of those scores provides a 

total score for each subject. 

 
Table 2. Examples of exercise types assigned to each activity rating 

Activity Rating Examples of exercise types 

assigned to each activity rating 

5 Gymnastics Sprinting 

4 Soccer Basketball 

3 Running Weight training 

2 Skiing Dance 

1 Walking Softball 

0 Swimming Kayaking 

 

4.2.2.2. Reliability and validity of LOGES 

To test the reliability of the LOGES scoring system, 8 university undergraduate students 

who were unfamiliar with the field of exercise and bone health were provided with 5 

minutes of verbal explanation and a short written description of the scoring system. Each 

novice rater then scored 5 randomly selected subjects from their initial questionnaires. 

Pearson's correlation coefficient for inter-rater reliability was R = 0.996. 

4.2.3. Measuring bone status 

An Achilles InSight Quantitative Ultrasonometer (QUS) (General Electric, WI, USA) 

was used to perform the calcaneal bone tests. The testing method was performed based 

on the recommendations of the manufacturer. Before each testing session, a calibration 

assessment was performed using a manufacturer-provided phantom to measure quality 

assurance. Scans were conducted from the right heel of each subject, SOS (m/s) and BUA 

(dB/MHz) were measured by the instrument, and then the SI was calculated. The heel 

was surrounded by warm water that was encapsulated between inflated membranes. The 
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water served to couple the sound between the transducer and the foot. 

Figure 6: The working position and the components of the QUS device (231) 

 

 

Achilles Insight measurements are performed with the person seated, with one foot 

placed on the Footplate. Water is the best medium to transmit the ultrasound. So warm 

water encapsulated between inflated membranes surrounded the heel. On one side of the 

heel, a transducer transforms an electrical signal into a sound wave. This wave passes 

through the water and the person’s heel. On the opposite side of the heel, another 

transducer receives the sound wave and transforms it into an electrical signal that can be 

analyzed. The analysis includes measuring SOS, BUA, and SI. In general, SOS and BUA 

are lower in osteoporotic bones with less trabecular mass than in non-osteoporotic bone; 

BUA is lower because there are fewer trabeculae in the calcaneus to attenuate the signal, 

and the SOS is lower because, with the loss of mineralized bone, the elastic modulus of 

the bone is decreased. SI, calculated from BUA and SOS, is the sum of the scaled and 

normalized BUA and SOS values. The SI combines BUA and SOS into a single measure 
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that has a lower precision error than either variable alone (232). The Achilles instrument 

uses the following formula, SI = ((0.67*BUA + 0.28*SOS) – 420) (233). 

4.2.4. Statistical analyses 

All data were analyzed using a statistical package for the social sciences (SPSS) for 

Windows, version 26 (SPSS Inc., Chicago, IL, USA). Descriptive statistics (i.e., mean, 

standard deviation, maximum and minimum) were calculated for age, weight, height, and 

BMI. Frequency statistics were calculated for dairy intake, alcohol intake, and 

contraceptive use. The mean of accumulated LOGES for each person was also calculated. 

Continuous variables were presented as mean values ± SD, while categorical variables 

were presented as frequencies. The data distribution was assessed using the Kolmogorov–

Smirnov test. For normally distributed data, the following test was used to answer each 

research question, as presented in Table 3. 

   Table 3: Tests that were used to answer each research question. 

Research questions Variables Test 

What is the relationship between 

osteogenic exercise history 

acquired retrospectively and 

bone status in young women? 

Independent: dairy servings 

consumed daily 

 

Dependent: BUA, SOS, SI 

 

One-way ANOVA 

What is the relationship between 

current dairy intake and bone 

status in young women? 

Independent: LOGES  

 

Dependent: BUA, SOS, SI 

Pearson Correlation 

/  

Divided into 5 groups 

→ One-way ANOVA 

What is the relationship between 

current and history of hormonal 

contraceptive use and bone 

status in young women?? 

Independent: Length of HC, history, 

and current use. 
Dependent: BUA, SOS, SI 

One-way ANOVA 

What is the relationship between 

current alcohol consumption and 

bone status in young women? 

Independent: Alcohol consumption  

 

Dependent: BUA, SOS, SI 

One-way ANOVA 
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 One-way ANOVA was used to test for the significant differences in bone status (BUA, 

SOS, SI as continuous variables) among dairy intake categories, hormonal contraceptive 

use categories, and alcohol intake categories (categorical variables). Pearson's correlation 

coefficient was used to measure the association between LOGES and bone status (BUA, 

SOS, and SI). ANOVA helps to find out whether the differences between groups of data 

are statistically significant. It works by analyzing the levels of variance within the groups 

through samples taken from each of them. Three ANOVA assumptions were met. The 

data were independent of each other and were normally distributed. Also, the population 

had the same variance tested by Levene Test. To compare the low and high physical 

activity, we tested the effects of dividing the participants into 3, 4, 5, and 6 categories of 

equal numbers of subjects based on their LOGES. We then used one-way ANOVA to 

determine the significant differences in BUA, SOS, and SI among categories. Less than 5 

categories did not show significant differences, and higher than 5 had too few participants 

in each category. When 5 categories (quintiles) were tested, some differences emerged.  

Pairwise comparisons were then assessed using the Tuckey post hoc test to determine 

within-group differences. Bar charts were used to visualize the data.  A P-value less than 

0.05 was considered statistically significant for all statistical analyses. 
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Chapter 5: Results 

The characteristics of the participants in this study are presented in Table 4. The 

frequencies of each categorical variable, in particular dairy and alcohol intake, and 

hormonal contraceptive use, are shown in Table 6. The data collection occurred from 

January 21 to February 25, 2009, October 29 to November 30, 2009, and 19 to January 

20, 2010. There were no differences between each data collection wave in age, height, 

weight, and BMI (p<0.05). Since there were no differences between waves; they were 

combined for all subsequent analyses and will be referred to as one cohort for the rest of 

the thesis. 

Table 4: Descriptive data for the study population (n = 207). Data are means ± SD. None of the 

means were statistically different (p ≤ 0.5). BMI = Body mass index. 

 Wave1 

(n=79) 

Wave2 

(n=21) 

Wave 3 

(n=107) 

Total 

(n=207) 

    Age (year)   21.9 ± 1.7 20.9 ± 1.5 20.7 ± 3.6 21.2 ± 2.9 

    Height (cm)  167.2 ± 7.3 165.4 ± 5.3 165.3 ± 13.1 166.2 ± 10.6 

    Weight (kg)  63.9 ± 11.3 61.6 ± 7.7 64.8 ± 9.3 63.9 ± 10 

    BMI (kg*m-2)  22.8 ± 3.5 22.5 ± 2.9 23.9 ± 4.6 23.3 ± 4.1 

 

The mean for the LOGES values is shown in Table 5.  

Table 5: Mean LOGES values for the study population (n = 207). Data is mean ± SD 

 

We divided the participants into five equal groups based on their LOGES values (low, 

med-low, medium, med-high and high). An analysis of variance (ANOVA) yielded 

significant variation among the 5 groups on BUA [F(4, 206) = 2.84, P=0.025], SOS [F(2, 

206) = 10.0, P= 0.000] and SI [F(2, 206) = 7.62, p = 0.000)].   

 Total 

LOGES  1137 ± 1589 
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A post hoc Tukey test showed that participants in the high LOGES group had 

significantly greater values than those in the other 4 quintiles in BUA, SOS, and SI at p < 

0.05 (Figures 9,10, and 11). There was no significant difference among other groups 

(p>0.05). 

Figure 7: Broadband ultrasound attenuation (BUA) means in LOGES quintiles. The highest LOGES 

quintile was significantly greater than the other 4 quintiles (p < 0.05). 
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Figure 8: Speed of sound (SOS) means in LOGES quintiles. The highest LOGES quintile was 

significantly higher than the other 4 quintiles at p < 0.05. 

 
 

 
Figure 9: Stiffness index (SI) mean in LOGES quintiles. The highest LOGES quintile was significantly 

higher than the other 4 quintiles at p < 0.05 
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Table 6: Frequency data for the study population (n = 207). 

 Categories Total n (%) 

 

DAIRY INTAKE 

(servings/d) 

0-1 44 (21.2) 

2-3 144 (69.5) 

≥4 19 (9.1) 

 

ALCOHOL 

(Units) 

No alcohol 17 (8.2) 

<2/day, ≤1d/wk 111 (53.6) 

≥7/wk, ≤2/day 26 (12.5) 

≥5 units/bout, ≥1/week 53 (25.6) 

CURRENTLY 

CONTRACEPTIVE USE 

yes 125 (60.3) 

no 82 (39.6) 

HISTORY OF 

CONTRACEPTIVE USE 

no 40 (19.3) 

yes 167 (80.7) 

 

 

LENGTH OF 

CONTRACEPTIVE USE 

<6 months or never 48 (23.1) 

≥6 months,  ≤1 yr 12 (5.7) 

1-2 yr 13 (6.2) 

2-3 yr 37 (17.8) 

>3 yr 97 (46.8) 

 

For dairy intake, there were no significant differences among the three dairy intake 

categories in BUA [F(2,204) = 0.18, p=0.8], SOS [F(2,204) = 2.32, p=0.1] and SI 

[F(2,204) = 0.59, p= 0.5]. For alcohol intake, there were no significant differences among 

the four intake categories in BUA [F(3,202) = 0.85, p= 0.5], SOS [F(3,202) = 0.32, p= 

0.8] and SI [F(3,202) = 0.67, p=0.6].  

There was no relationship between the length of contraceptive use and BUA [F(4,205)= 

1.5, p=0.2], SOS [F(4,205)= 1.0, p=0.4], and SI [F(4,205)=1.8, p=0.1]. Also, there was 

no relationship between the history of contraceptive use and BUA[F(2,205)= 0.4, p=0.6], 

SOS [F(2,205)= 0.23, p=0.8], and SI [F(2,205)=0.18, p=0.8]. There was no relationship 

between current contraceptive use and BUA [F(2,205)= 0.42, p=0.3], SOS [F(2,205)= 

0.23, p=0.2] and  SI [F(2,205)=0.18, p=0.2] 
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Chapter 6: Discussion 

This study assessed the relationship between four lifestyle factors (high impact exercise 

(LOGES score), dairy intake, hormonal contraceptive use, and consumption of alcohol) 

and bone status (SI, BUA, and SOS), using QUS technology amongst healthy young 

adults women living in Nova Scotia. We found a significant difference between 

participants in the high LOGES score group and each of the other 4 groups in BUA, SOS, 

and SI. Also, there were no significant differences between BUA, SOS, and SI for dairy 

intake, HC, and alcohol intake. 

6.1. Physical activity and bone  

Participants in the highest quintile of LOGES had significantly higher BUA, SOS, and SI 

values than did women in each of the other four quintiles of LOGES. This is similar to 

the results reported in many other studies, that high-impact exercise has a positive effect 

on bone in young women (30, 99, 234-236).   

Many researchers have tried to develop methods to predict what types of physical activity 

could be recommended for developing a strong skeleton. Different methods have been 

used to code physical activities by type and intensity. However, differences in methods 

limit the comparability of results across studies. A list of physical activities should be 

comprehensive, flexible enough to meet the researchers’ needs, and coded with a 

standardized system in order to facilitate research in this area. This list of physical 

activities done by any one participant can be collected by diary, recall, or direct 

observation methods (203). METs can group various types of activities by purpose and 

intensity (124). However, METs cannot catch the main characteristics of osteogenesis 
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during specific physical activities, specifically mechanical load magnitude and 

application rate (127). BLHQ was developed to estimate loads on the hip and spine 

experienced during different life stages in premenopausal women. However, it is a time-

consuming instrument, and its focus is on clinically relevant sites for osteoporosis, so it 

cannot provide load factors for physical activities from direct measures of force (132). 

BPAQ was a better tool to predict bone strength at skeletal sites at risk of osteoporotic 

fracture than BLHQ and other traditional physical activity measures (132). It records the 

frequency of current and historical activity, load intensity, and years of participation in 

physical activity. It is designed for both sexes and can predict variance in indices of bone 

strength at clinically relevant sites (132). 

Our study used a novel approach to estimate bone loading by enhancing the BPAQ 

methods to a more comprehensive equation. While BPAQ includes frequency of current 

and historical activity, load intensity, and years of participation in physical activity, 

LOGES includes duration, frequency, years of participation, and rate of physical activity 

alongside the puberty stage on bone status. In our study, the significant difference of the 

participants in the highest quintile compared to the other groups strongly suggested that 

high-intensity exercise performed before and during puberty is important for bone 

strength. The results also indicated that to have a stronger skeleton, osteogenic physical 

activity should be continued after puberty. 

6.2. Dairy intake on bone 

We found no significant relationship between dairy intake and bone values. This finding 

contrasts with several previous studies that found some benefits of dairy products on 

bone mass accrual (155, 158, 237-239). Cohort studies showed a positive effect of dairy 
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intake on young women's bones (145, 147-149). Also, review studies found that calcium 

from milk consumption was associated with higher BMC and BMD (240, 241). A recent 

systematic review revealed that consuming 16 months of dairy products during childhood 

and adolescence in various quantities leads to 8% greater gain of BMD (242).  Although 

there is evidence that dairy intake during childhood and adolescence could increase BMD 

during growth and adulthood (243, 244), its association with fracture risk in adulthood is 

still controversial. That may be mostly due to the large inaccuracy of food intake 

recorded years later (243). Short-term clinical trials showed that increased cow milk 

intake resulted in changes in bone turnover markers in favor of bone retention (243). In a 

meta-analysis, vegans who avoid dairy products had a lower lumbar spine and femoral 

neck BMD compared to omnivores and vegetarians who avoid meat and fish but 

consume dairy products (245). Another meta-analysis showed a dairy-rich diet is 

associated with a 41% lower prevalence of low BMD (246). A study on 3251 women 

aged 20–49 years showed that consuming less than one portion of milk weekly during 

childhood is associated with 5.6% lower BMC in adulthood compared with those who 

had consumed more than one portion per day (247). 

Torres-Costoso et al. investigated the relationship between milk consumption and BMD 

in young adults. They revealed that lower dairy intake was associated with higher BMI 

and adipose tissue percentage. They also showed that the effect of milk consumption on 

bone development is indirect and is fully mediated by body composition variables in 

young adults (248). These findings are in contrast with our study, which found no 

relationship between dairy intake and bone values. 

Similar to our results, some studies have reported no benefit of a higher dairy intake to 
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the skeleton. A cross-sectional study on 1522 men and 1104 women aged 32 to 81 found 

no association between higher intake of dairy products (milk, yogurt, and cheese) with 

higher trabecular and vBMD in women (249). Additionally, some evidence shows that 

dairy products' positive impact on BMD may depend on adequate serum vitamin D levels 

(250). Also, a meta-analysis found no association between the group with high milk 

consumption and the risk of osteoporotic fracture and hip fracture (251). Some other 

observational studies on the association between long-term dairy consumption and bone 

health and fractures suggested that dairy consumption is associated with a greater risk of 

fractures (151, 152). However, longer follow-up and including dairy products other than 

milk may have affected these results. Also, some large prospective studies showed that 

higher milk consumption during adolescence or adulthood might be associated with 

greater hip fracture risk in both men and women (152, 153). Our study seems to be in 

agreement with these findings, which stated that dairy use did not significantly affect 

bone values.  

 

6.3. Hormonal contraceptive use and bone 

We found no significant relationship between hormonal contraceptive use and 

quantitative ultrasound measures. Our results are similar to those of some other studies 

yet different from that of others because data from different studies on the effect of HC 

on young women's bones are conflicting (252). Some studies report positive effects 

(253), some report no effect (254), and others report adverse effects (255-257). Many of 

these studies were done in a much older population and considered a fracture endpoint.  

One large cohort study found that the risk of fracture incidents among women who had 
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ever-used HC was significantly greater than women who had never used it (258). Another 

large cohort study found that increased duration of HC use was associated with a 30% 

increased risk of all fractures (259). The Canadian Multicentre Osteoporosis Study is a 

population-based osteoporosis study that used extensive questionnaires to assess the 

relationship between hormonal contraceptive use and BMD in women aged 25–45. From 

the results, Prior et al. reported lower BMD values for the trochanter and spine in those 

who had used oral contraceptives for more than 3 months compared with those who had 

never used them (< 3 months). However, 87% of their participants were on hormonal 

contraceptives, a higher proportion than in our study (60.3%). Also, this difference in 

results might be explained by the age of participants, which was higher in their study 

(25–45 years of age) (260).  

A systematic review showed that there is not enough evidence for any significant 

detrimental or protective effect of HC use on BMD in the general population (180).  

Similarly, several cross-sectional studies on perimenopausal women also found no 

significant difference in BMD between HC users and nonusers (182-184, 261). 

Therefore, most previous research aligns with our study’s findings that HC use did not 

affect bone values. 

6.4. Alcohol intake and bone 

We found no significant differences in quantitative ultrasound measures for alcohol 

intake. Alcohol consumption can be divided and analyzed according to the drinking 

pattern and means of alcohol consumption. However, it is challenging to define light, 

moderate, or heavy alcohol consumption (262). Recent studies categorized alcohol 

consumption into three groups: light, only occasional consumption; heavy, chronic 
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alcohol consumption; and binge drinking (195, 263). Evidence suggests light alcohol 

intake could positively affect bone density (203, 210-213, 264). A review paper showed 

that light alcohol consumption in women (one drink per day) does not adversely affect 

bone tissue, whereas higher consumption levels (2–4 drinks per day) can be deleterious 

for bone tissue (195). It also indicated that the effects of alcohol consumption on bone are 

related to the dosage, duration of consumption, and age of the consumer. Similarly, other 

studies reported improved bone mass with light alcohol consumption (265-268).  

Evidence on moderate alcohol consumption is contradictory. The effect of 2-3 drinks per 

day on bone depends on age, sex, hormonal status, and the type of beverage (195). 

Moderate alcohol consumption in older people, especially postmenopausal women, is 

often associated with higher BMD and lower fracture risk (222, 269-271). However, it is 

not beneficial for premenopausal women (195) because 5–24 g/day of beer or liquor 

consumption could increase their risk of fracture (272). 

Heavy alcohol consumption was not associated with lower BMC as well as BMD in 

women (273). A cross-sectional study examining 57 heavy alcohol users aged 27 to 50 

showed a lower BMD in men but not in women (273). In contrast, a review study 

reported a linear association between heavy alcohol consumption and both higher bone 

density and lower bone density loss over time (201). Also, it suggested a J-shaped 

relationship between alcohol consumption and hip fracture risk. However, there were 

more heavy drinkers in studies that investigated fracture risk than those which evaluated 

bone density (201). 

Different mechanisms may be responsible for the effects of alcohol on bone. A possible 

mechanism could be that alcohol decreases bone resorption (274). A review paper 
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postulated that phenolic compounds such as resveratrol, flavonols, and anthocyanins, 

which are found in alcoholic beverages could inhibit bone resorption and increase bone 

formation (275). Also, alcohol may disrupt the balance of calcium concentration in the 

bloodstream, which is required for the nerves and muscles' proper functioning (208). 

Alcohol also affects the hormones that regulate calcium metabolism and the hormones 

that influence calcium metabolism, such as steroid reproductive hormones and growth 

hormones (209). Moreover, it seems that the various type of alcoholic beverages has 

different effects on bone metabolism (195). This may be because of the different 

constituents present in wine and beer (265). In our study, 25.6% of participants drank 

more than 5 units at one time, at least once a week, and were categorized as heavy 

drinkers. However, our participants were relatively young (18 to 25), and the effect of 

alcohol on bone is a long-term effect. Therefore, it is likely that the effect of alcohol 

intake did not apply yet. 

 

6.5. Implication 

This study adds further credence to Canadian (276), World Health Organization (276), 

and American (277) recommendations for children and youth that they should engage in 

substantial moderate to vigorous physical activity. Although the common 

recommendation of 60 minutes of daily moderate to vigorous physical activity (MVPA) 

does not specifically address bone-specific activity, this study demonstrates that those 

who participate in considerable MVPA throughout childhood and adolescence are much 

more likely to also acquire a robust skeleton. Our findings also provide more evidence 

into the previous studies (278, 279) about the importance of multidirectional loading 

sports such as soccer in young women in improving bone health compared with those 
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who participated in repetitive lower-impact sports such as distance running. 

Research conducted from 2001 to 2006 reported that levels of MVPA measured by 

accelerometers of young Nova Scotians aged 8, 12, and 17 years declined rather 

drastically with age such that a very low proportion of 17 year olds met the PA 

requirements (280). More recently, a survey conducted across Canada in October 2020 of 

parent-reported MVPA of youth aged 5 to 17 indicated very low levels of MVPA (281). 

Given that self-reported MVPA levels are routinely inflated over those collected by 

accelerometers (282), the fraction of youth who are receiving the benefits of MVPA must 

be extremely low. Therefore, our study, which reports the relationship of high levels of 

ground-based vigorous PA during and soon after growth on good bone status as 

determined by LOGES, adds additional evidence to the urgency that more MVPA needs 

to be incorporated into the daily lives of children and youth.  

6.6. Strengths and limitations 

This study has many strengths, including its utilization of data from a somewhat large 

sample which provides a comprehensive and representative sample of the young 

university women population in Nova Scotia. We combined two studies and three data 

collection waves with a similar population to gather large data samples. Also, we used the 

LOGES system, which combined physical activity type, duration, frequency, and puberty 

stage. It is possible that this system may result in a better interpretation of the physical 

activity status of each participant than does the more commonly used PBAQ method. 

Bone values were measured by QUS, a safe, inexpensive, easy-to-use, and without-

radiation device. 

There were some limitations to this study. Primarily, the exercise histories obtained from 
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participants may not be accurate because remembering what exercise they did, and its 

duration can be difficult. Also, the collection of bone measures entailed several operators 

for the QUS devices. Therefore, slight differences in positioning a person's foot could 

result in different results. Additionally, the device might have fluctuated during the study, 

although quality assurance tests were performed daily using the supplied phantom. 

Classification of each woman’s type of sport and PA was challenging and a likely source 

of inaccuracy. For example, a girl could play volleyball with no jumping or play it with 

significant vertical impacts if she regularly jumped to block the ball. The selection of 

classification of some physical activities was therefore based on how seriously the sport 

was being played. For example, a varsity-level volleyball player was awarded a high 

score, whereas a girl of 10 who played once a week was presumed recreational and was 

given a lower score for that PA. 

 We used a lifestyle questionnaire that asked the participants about the servings of dairy 

products per day which may not be accurate because quantifying amounts from memory 

is very difficult. Also, we considered dairy intake, a total intake level, and ignored the 

effect of combinations of foods consumed by our participants. The questionnaire used 

asked only for servings of dairy but did not specify which foods. This could make a 

difference because, for example, the calcium content of milk differs from cheese. A big 

difference between our results and the literature is the age of the participants. Most of the 

studies were on children or older adults, while our participants were young adults. 

Regarding hormonal contraceptive use, many women could not remember what type of 

contraceptives they had used, especially if several different types had been prescribed. 

The alcohol intake reports obtained from participants may not be accurate because 
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remembering the exact amount of alcohol they consumed can be difficult. This might 

cause misclassification toward higher or lower alcohol intake categories. Also, we did not 

differentiate between various types of alcoholic beverages, and it seems that the various 

type of alcoholic beverages has different effects on bone metabolism (195).  

Future studies are needed to further test and validate the LOGES. For instance, testing a 

data set using both LOGES and BPAQ should be taken into consideration in order to 

compare the two systems. Also, testing the relationship between LOGES and bone status 

using pQCT and comparing it with QUS data is suggested. Furthermore, the LOGES 

system should be tested not only in women but also in men with different ages and races. 

For instance, examining the LOGES system in women over 35 years old would be 

interesting as they have been shown to have more fracture incidence than younger 

women. 

6.7.  Conclusion  

This study has presented the relationship between 4 lifestyle factors (high-impact 

exercise, dairy intake, hormonal contraceptive use, and alcohol consumption) and 

quantitative ultrasound measures amongst healthy young adult women living in Nova 

Scotia. We introduced the LOGES method, which differs from previous methods such as 

BLHQ and BPAQ. Only LOGES values were correlated with all three quantitative 

ultrasound measures (BUS, SOS, and SI). Participants in the highest quintile of LOGES 

values had significantly higher BUA, SOS, and SI than women in all other quintiles of 

LOGES. This study suggests that high-intensity, ground-based exercise before, during, 

and after puberty is crucial for women to have stronger bones. Also, in physical activity, 
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not only duration and frequency but also the rate of physical activity alongside the 

puberty stage could affect bone status. We believe that the LOGES system could be a 

useful avenue for further explorations in bone research. Also, the more intense and 

continuous physical activity is throughout the lifetime, the more likely a young woman 

will develop a stronger skeleton.  
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