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ABSTRACT 

 

Postmenopausal women have significantly lower estrogen levels than 

premenopausal women. Reduced estrogen levels affect body weight and adipose tissue 

distribution in postmenopausal women. Obesity is a risk factor for cardiovascular 

disease (CVD), though thought to have protective effects on bone health. This study 

aimed to investigate the associations between body mass index (BMI), fat mass (FM), 

and lean mass (LM) with CVD risk factors, bone turnover markers (BTM), and bone 

mineral density (BMD) in osteopenic postmenopausal women. Overnight fasting 

blood and urine were collected from 132 osteopenic postmenopausal (1 to 10 years) 

women not on hormone therapy and drugs known to affect bone metabolism. BMI, 

FM, and LM were assessed using dual-energy X-ray absorptiometry (DEXA). 

Multiple linear regression and Pearson correlation analysis were conducted to examine 

the associations between variables of interest and one-way ANOVA was conducted to 

compare the means of CVD risk factors between BMI categories. The present study 

found that BMI and FM, but not LM, were positively and significantly associated with 

CVD risk factors including fasting plasma glucose (p=0.002 for both), c-reactive 

protein (p<0.001 for both), apolipoprotein B (p=0.003 & p=0.002, respectively), total 

cholesterol (p=0.008 & p=0.004, respectively), low-density lipoprotein (p<0.001 for 

both), and triglycerides (p=0.005 & p=0.023, respectively) levels. BMI and LM, but 

not FM, were positively and significantly associated with BMD of multiple sites 

including L3 (p=0.024 & p=0.004, respectively), radius (p<0.001 & p=0.001, 

respectively), ulna (p=006 for both), legs (p=0.014 & p<0.001, respectively), ribs 

(p=0.002 & p=0.043, respectively), spine (p=0.002 for both), whole-body (p=0.019 & 
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p=0.001, respectively), and trochanter bones (p=0.004 & p<0.001, respectively), 

though LM had bigger effect sizes than BMI for most sites. BMI, FM, and LM were 

not significantly associated with BTMs. These data suggest that BMI can be a simple, 

inexpensive, and reliable tool in predicting cardiometabolic risk factors whereas LM is 

a better predictor of BMD than BMI in osteopenic postmenopausal women.     
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Chapter 1 

INTRODUCTION 

Menopause is a normal part of aging in a woman’s life, which marks the end of 

her menstrual cycles. Menopause is the time after the absence of a menstrual period 

for 12 consecutive months. Most women typically experience menopause in their 40s 

or 50s, but the average age of women experiencing menopause in the United States is 

51. As menopause approaches, the ovaries produce less estrogen, causing the 

menstrual cycle to become irregular and eventually stop. This causes women to notice 

and experience some discomforting signs and symptoms as their bodies adapt to 

different levels of hormones. 

The production of estrogen starts to reduce during perimenopause. 

Perimenopause can begin eight to ten years before menopause, although the average 

length of perimenopause is four years. Other than its widely known role in regulating 

reproductive cycle and sexual health, estrogen also plays other important roles relating 

to heart health1, bone health2, and energy metabolism3 in a woman’s body. 

Menopause alone does not cause weight gain. However, reduced estrogen 

levels disrupt energy metabolism and adipose tissue distribution in postmenopausal 

women. Findings from animal studies4,5 showed that estrogen depletion causes fat 

tissues to accumulate around the abdominal area, and this condition is improved when 

estrogen is administered. In human studies, waist circumference6, central abdominal 

fat7,8, total fat mass7, and visceral fat mass9 increased significantly in postmenopausal 

women. 
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Obesity, especially among postmenopausal women should be addressed 

accordingly because it may have deleterious effects on their bone and heart health. 

Obesity is linked to heart disease. Although high body weight is thought to have a 

protective effect against osteoporosis, being female, menopause, and age over 50 are 

considered as risk factors of osteoporosis. The most recent data from the Centers for 

Disease Control and Prevention (CDC) indicate that over 40% of older women in this 

country are obese and severely obese.10 CDC also reported that heart disease is still the 

leading cause of death in United States (US). In addition, a recent study found that 

more than 8 million and 27 million women over the age of 50 had osteoporosis and 

low bone mass.11 

Both heart disease and osteoporosis are major public health issues as they 

contribute to increased morbidity and mortality rates, as well as higher economic 

burden. Although higher body weight is negatively associated with heart health but 

positively associated with bone health, these diseases share some common risk factors 

and pathophysiological mechanism. To date, there are limited studies that directly 

compare the associations between body mass index (BMI) and body composition (lean 

mass and fat mass) with heart health and bone health in postmenopausal women. 

Therefore, this study is proposed to compare BMI, fat mass (FM), and lean mass (LM) 

in predicting cardiometabolic risk factors and bone mineral density (BMD) in this 

population. 
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Chapter 2 

LITERATURE REVIEW 

Menopausal Status and Estrogen Levels 

Menopause can occur either naturally or surgically (ovariectomy). In natural 

menopause, the stage before menopause is known as perimenopause whereas the stage 

after menopause is known as post-menopause. Estrogen levels in women start to 

decline during perimenopause. The decline in estrogen levels speeds up in the last one 

or two years before menopause occurs. During this period, women will experience 

some menopausal symptoms although they still have their menses. Perimenopause can 

start eight to ten years before menopause, but on average women enter their 

perimenopause stage four years before menopause occurs. 

Postmenopausal women have significantly lower estrogen levels than 

premenopausal women. Normal premenopausal women have 17–200 pg/mL of 

estrone and 15–350 pg/ml of estradiol. However, the levels of these hormones sharply 

drop to 7–40 pg/mL and less than 10 pg/ml respectively in postmenopausal women. 

The changes in estrogen levels occur because as women age, their ovarian 

follicles will deplete. The ovary is no longer able to respond to the signals both 

follicle-stimulating hormone (FSH) and luteinizing hormone (LH). As a result, the 

production of estrogen and progesterone decreases and eventually stops. However, 

androgen is still being produced by the ovary regardless of the menopausal status. The 

peripheral aromatization of ovarian and adrenal androgens causes postmenopausal 

women to continue having low circulating estrogens levels in their body.12 
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Measurements of Adiposity and Body Composition 

Obesity is a major public health issue in the US. The most recent data from the 

CDC (2017–2018) indicate that more than 70% of American adults aged 20 and older 

are overweight and obese. There are various methods to measure adiposity and body 

mass index (BMI) is one of them. The BMI of an adult individual can be easily 

calculated by taking his weight in kilograms divided by the square of his height in 

meters. This inexpensive screening tool can help categorizing individuals into their 

weight class namely underweight (less than 18.5 kg/m2), normal weight (18.5 kg/m2– 

25 kg/m2), overweight (25 kg/m2–30 kg/m2), and obese (more than 30 kg/m2). BMI is 

not a direct translation of body fat level, although some research suggest that it is 

moderately correlated with direct body fat measurements obtained from methods such 

as skinfold thickness measurements, bioelectrical impedance (BIA), underwater 

weighing, and dual energy x-ray absorptiometry (DXA).13–15 Multiple studies in the 

past also have demonstrated that BMI was strongly correlated with various poor health 

outcomes such as heart disease and other medical conditions. Those findings were 

consistent with the findings of studies that utilized direct body fatness 

measurements.16–21 

One method that can be used to measure body composition is the DXA scan. It 

is considered as the gold standard for assessing body composition, especially in sports 

nutrition. The DXA scan has the ability to directly measure an individual’s FM, LM, 

and BMD, among other things. In several studies, body fat percentage (BF%) was  

found to be correlated with the risk factors of cardiovascular disease and metabolic 

syndrome.22,23 In addition, increased BF% was negatively associated with BMD in 
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certain populations.24,25 While high BF% is associated with adverse health outcomes, 

lean body mass (LBM) is associated with positive health outcomes.26,27 

 

Changes in Body Weight and Adipose Tissue Distribution in 

Postmenopausal Women 

As women age, weight gain becomes one of their major health concerns. 

Menopause does not cause weight gain, but the hormonal changes during menopause 

are associated with an increase in total body fat and AT accumulation in the 

abdominal region.28 In a longitudinal epidemiologic study which included 16000 

participants, self-reported BMI did not differ by menopausal status.29,30 This result was 

confirmed by a sub-study in which the researchers conducted a small cross-sectional 

study to examine the participants’ energy expenditure and body composition.31 In 

several studies, postmenopausal women had higher amount of AT accumulation at the 

abdominal region compared to premenopausal women.32,33 

In studies using animal models, hormonal changes at menopause have shown 

to have a serious impact on body composition and AT distribution.4,5 In one study, 

oophorectomized mice had reduced energy expenditure although their energy intake 

was unaffected. They also had adipocyte hypertrophy, inflamed AT, and developed 

fatty liver. These conditions were reversed when the mice were supplemented with 

17β-estradiol.4,5 In two other studies using aromatase gene knock-out (ArKO) mice 

and estrogen receptor-α knock-out (ErαKO) mice respectively, then mice became 

obese due to decreased energy expenditure.34–36 These studies suggested that estrogen 

deficiency is associated with reduced energy expenditure and abdominal obesity. 
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The Influence of Body Weight and Body Composition on Heart Health 

A study examining the relationships between obesity and CVD in Colorado 

and four southern states using data from the CDC found that BMI was weakly 

associated with myocardial infarction (MI) rates, moderately associated with stroke 

rates, and strongly correlated with high blood pressure rates.37 Besides, high BMI is 

also associated with hypertension, impaired fasting glucose, and dyslipidemia.38–40 

However, Qiang Zeng et al. in their studies argued that BF% is a better predictor of 

CVD risk factors compared to BMI.41 In the study, 41 In the study, they measured the 

BMI and BF% of 3859 participants and found that BF%, rather than BMI, was 

independently associated with CVD risk factors. 

In contrast, high LM is associated with lower major adverse cardiovascular 

events (MACE) in patients with coronary artery disease.27 In the study, they found that 

patients in the fourth LM quartile had significantly lower risk of experiencing MACE 

compared to those in the first LM quartile (P=0.004). BMI was not associated with 

MACE in the study. In addition, they also observed that those in the highest BF% 

quartile had almost double the risk of MACE when compared to those in the lowest 

BF% percentile (HR=1.89, p=0.0008). In a study investigating the relationship 

between muscle mass and fat mass to total and CVD mortality, Srikanthan et al. found 

that higher fat mass, muscle mass, and BMI were correlated with lower rates of 

CVD/total mortality.42 In this study, they evaluated body composition data of 6451 

CVD patients obtained from the National Health and Nutrition Examination Survey 

(NHANES) 1999 to 2004 and found that those in the high muscle and low fat mass 

group had the lowest mortality risk when compared to other body composition groups. 
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The Influence of Body Weight and Body Composition on Bone Health 

Obesity and osteoporosis are related as mesenchymal stromal cells from the 

bone marrow are required to produce both adipocytes and osteoblasts.43 Traditionally, 

high body weight is thought to have a protective effect on the bones due to the positive 

mechanical loading effect. In several studies, body weight and BMI were positively 

correlated with BMD.44,45 However, other studies using a larger number of participants 

did not find a similar correlation.46,47 

A study in postmenopausal women found that both fat mass (FM) and LM 

were significantly associated with BMD at all sites, but LM was the strongest 

predictor of BMD at the femoral neck, hip, spine, and whole body.26 Based on the 

available original findings, it is still unclear whether FM or LM is better at predicting 

bone health. Some studies48–50 found that LM, and not FM is associated with bone 

mass, whereas other studies51,52 suggested otherwise. An old study examining 

postmenopausal women suggested that both LM and FM are useful in predicting 

BMD.53 The variation in the findings of these study may be due to the differences in 

the study design. 

 

The Relationship between Heart Health and Bone Health 

Heart disease and osteoporosis are two age-related conditions that may share 

some common risk factors and pathophysiology mechanisms. The calcification of the 

artery during the development of atherosclerosis is similar to the mechanisms involved 

in bone mineralization.54,55 Additionally, multiple epidemiologic studies reported that 

low bone mass in both men and women was a risk factor for cardiovascular 

mortality.56–61 In other studies focusing on women, osteoporosis was significantly 
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associated with incident CVD events62 and angiographically-determined coronary 

artery disease63, respectively. In another study consisting of Norwegian women, low 

femoral neck BMD was found to be significantly associated with an increased odds of 

stroke.64 These findings suggest that in addition to old age, there may be other factors 

that link CVD and osteoporosis. 
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Chapter 3 

AIMS OF THE STUDY 

Aim 1: Compare BMI, FM, and LM in predicting CVD risk factors and inflammation 

status in osteopenic postmenopausal women. 

 

Aim 2: Compare BMI, FM, and LM in predicting BTM and BMD in osteopenic 

postmenopausal women. 

 

Aim 3: Investigate the associations between CVD risk factors and BMD in osteopenic 

postmenopausal women. 
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Chapter 4 

METHODS 

Study Design and Study Participants 

This cross-sectional study was conducted at the Florida State University, 

Tallahassee, FL (Appendix A Figure 1). An approval from the Institutional Review 

Board (IRB) (Appendix B) was obtained prior the start of the study. A written 

informed consent was obtained from participants prior to data collection. A total of 

132 postmenopausal women living in the area were recruited. Participants underwent 

phone and in-person screening (Appendix C and Appendix D). During the phone 

screening, participants’ complete medical and nutrition history were obtained. When 

participants came for the in-person visit, their anthropometric measurements including 

weight and height were obtained. In addition, participants’ BMD, FM, and LM were 

assessed using a dual-energy X-ray absorptiometry (DEXA). Moreover, overnight 

fasting blood and urine samples were also obtained from participants. Participants 

were eligible for the study if they were within 1-10 years postmenopausal, had a BMD 

t-score of -1 to -2.5 (osteopenic), and not on hormone replacement therapy (HRT). 

Participants were also excluded if they were treated with calcitonin, bisphosphonates, 

raloxifene and/or anabolic agents such as parathyroid hormone (PTH) and growth 

hormone (GH), or steroids. Other exclusion criteria include the presence of metabolic 

bone disease, renal disease, cancer, CVD, diabetes mellitus, respiratory disease, 

gastrointestinal disease, liver disease or other chronic diseases. Heavy smokers (more 

than twenty cigarettes/d) were also excluded from this study.  
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Anthropometrics, Bone Mineral Density, and Body Composition 

Assessments 

Participants’ weight and height were measured using a digital scale and a 

stadiometer, respectively. For weight measurements, participants were requested to 

change into scrubs. Participants were then asked to take off their shoes, before 

standing straight with their chins up on a calibrated and leveled digital scale. For 

height measurements, with their shoes off and heels touching the base of the 

stadiometer, participants were requested to stand straight with their back and hip 

against the wall for proper measurement. Participants’ BMI was calculated by taking 

their weight (in kg) divided by their height (in m) squared. 

Participants’ BMD, FM, and LM were assessed using a DEXA (GE Healthcare 

Lunar, Madison, WI, USA). The machine was equipped with a software for whole-

body, lumbar spine, hip, and forearm BMD. In addition to whole-body BMD, BMD of 

specific sites including the lumbar spine, arms, legs, and hip were also assessed in 

participants. 

 

Dietary Intake and Physical Activity 

Data on dietary intake were obtained by asking participants to complete a 7-

day food frequency questionnaire (FFQ) (Appendix E) during the visit. A FFQ was 

used because it was a reliable tool in assessing long-term, habitual diet. A food 

analysis software (Food Processor version 7.50; ESHA Research, Salem, OR, USA) 

was utilized to perform the nutrient analysis. With an extensively researched food and 

nutrition database, this software was able to analyze more than 150 nutritional 

components, including mandatory and voluntary label nutrients. 
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Physical activity patterns of participants were also assessed during the visit. 

Participants’ current physical activity was assessed using the validated Five-City 

Project Physical Activity Recall (Appendix F).65 In addition, the physical activity 

recall was also used to obtain sleep and activity patterns of the participants including 

their leisure, occupational, and home activities. 

 

Blood and Urine Analysis for Assessing Biomarkers 

Before coming for the in-person visit, participants were requested to not eat or 

drink anything (except water) for at least eight hours. Overnight fasting blood and 

urine samples were collected from participants at the very beginning of their visit. 

Upon collection, the blood samples were centrifuged at 4,000 rpm for 15 minutes at 

4°C using an CL31R multispeed centrifuge (Thermo Electron Corporation) to separate 

the plasma and the serum. Samples were then aliquoted and stored in a freezer at -80 

°C until further analysis. Serum was analyzed for TC, HDL-C, and TG. Friedewald 

equation was used to calculate LDL-C level. In addition, CRP, blood glucose, and 

alkaline phosphatase were analyzed using the SIRRUS Clinical Analyzer (Stanbio 

Laboratories, Boerne, TX). BTMs including bone-specific alkaline phosphatase 

(BALP), osteocalcin (OC), and tartrate-resistant acid phosphatase (TRAP) were 

analyzed using enzyme-linked immunosorbent assay (Quidel Corporation, San Diego, 

CA). Urine was analyzed for deoxypyridinoline (DPD). 

 

Statistical Analysis 

Statistical analysis was performed using IBM Statistical Package for the Social 

Sciences (SPSS) version 27.0.1.0 software program. Descriptive statistics were 
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performed for all data. Multiple linear regression and bivariate correlation analysis 

were used to investigate the associations among the variables. For multiple linear 

regression, predicted values (PV) of dependent variables were calculated by 

multiplying standardized coefficient Beta (B) with standard deviation (SD) of the 

dependent variables. PV is used to describe the predicted value of a dependent 

variable caused by 1 SD increase or decrease of a predictor variable, when other 

predictor variables are being held constant. For bivariate correlation analysis, the 

strength of a correlation coefficient was considered as very small to none (r < 0.1), 

small (0.1 r < 0.3), moderate (0.3 r < 0.5), large (0.5 r < 0.7), very large (0.7 r < 0.9), 

nearly perfect (0.9 r < 1.0), and perfect (r = 1.0). In addition, one-way analysis of 

variance (ANOVA) was used to compare fasting plasma glucose, CRP, and lipid 

profiles based on participants’ BMI categories. Then, a post-hoc analysis (Tukey’s 

test) was conducted to investigate significance difference between groups. BMI of the 

participants were categorized as normal weight (18.5 kg/m2 – 24.9 kg/m2), overweight 

(25.0 kg/m2 – 29.9 kg/m2), or obese (> 30.0 kg/m2). A p-value of < 0.05 was 

considered significant for all tests. The statistical analysis performed to evaluate the 

aims of the study were described as follows: 

 

Aim 1: Compare BMI, FM, and LM in predicting CVD risk factors, fasting blood 

glucose, and inflammation status in osteopenic postmenopausal women. 

• A multiple linear regression analysis was used to investigate the associations 

between BMI, FM, and LM with CVD risk factors, fasting glucose level, and 

inflammation status (CRP) in osteopenic postmenopausal women. In addition 

to the covariates (age, years since menopause, physical activity, and total 
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energy intake), BMI was added to the model created. This process was 

repeated by substituting BMI with FM and then LM. The standardized 

coefficient Beta (B) was used to compare the strength of the effect of BMI, 

FM, and LM to the dependent variables. 

 

Aim 2: Compare BMI and body composition in predicting BTM and BMD in 

osteopenic postmenopausal women. 

• A multiple regression analysis was used to investigate the associations between 

BMI, FM, and LM with BTMs and BMD in osteopenic postmenopausal 

women. In addition to the covariates (age, years since menopause, physical 

activity, height, and total energy intake), BMI was added to the model created. 

This process was repeated by substituting BMI with FM and then LM. The 

standardized coefficient Beta (B) was used to compare the strength of the 

effect of BMI, FM, and LM to the dependent variables. 

 

Aim 3: Investigate the correlations between CVD risk factors and BMD in osteopenic 

postmenopausal women. 

• Bivariate correlation analysis was used to explore the correlations between 

CVD risk factors and BMD in osteopenic postmenopausal women. 
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Chapter 5 

RESULTS 

Participants Characteristics, Anthropometric Measurements, Physical Activity, 

Bone Mineral Density, Body Composition, and Dietary Intake Assessments 

A flow chart of the study is presented in Appendix A (Figure 1). Of the 236 

participants recruited and phone-screened, 132 participants were eligible and attended 

the in-person visit. A summary of participants’ characteristics including age, years 

since menopause, anthropometric measurements, physical activity, whole body BMD, 

total FM, total LM, energy intake, and macronutrients intake are displayed within 

Table 1 (Appendix A). The mean age and years since menopause of the participants 

were 56.7 years old and 4.9 years, respectively. For anthropometry measurements, the 

mean weight, height, and BMI of the participants were 67.3kg, 164.5cm, and 24.9 

kg/m2. Results from DEXA revealed that the mean whole-body BMD, fat mass, and 

lean of the participants were 1.1 g/cm3, 26425.6g, and 38064.5g, respectively. In 

addition, the mean physical activity was 856.8 kJ/day, so that is about 205kcal/day. 

For energy intake, the mean total energy intake was 1664 kcal, which came from 

209.6g of carbohydrate, 70.2g of protein, and 60.3g of fat. 

 

The Associations between Body Mass Index and Body Composition with 

Cardiovascular Disease Risk Factors, Bone Turnover Markers, and Bone 

Mineral Density 

After adjusting for covariates, BMI, fat mass, and lean mass were significantly 

and positively associated with fasting plasma glucose (p=0.002, p=0.002, and 

p=0.014, respectively) and triglyceride (p=0.005, p=0.023, and p=0.047, respectively) 
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levels (Table 2). BMI and fat mass, but not lean mass, were significantly and 

positively associated with CRP (p<0.001 for both), ApoB (p=0.003 and p=0.002, 

respectively), TC (p=0.008 and p=0.004, respectively), and LDL-C (p<0.001 for both) 

levels. One standard deviation increase in BMI (4.4 kg/m2) was predicted to increase 

the levels of glucose, triglyceride, CRP,  ApoB, TC, and LDL-C by 4.2mg/dl, 

14.9mg/dl, 0.5 mg/dl, 7.1 mg/dl, 12.3 mg/dl, and 14.4 mg/dl, respectively. When 

participants were divided based on the BMI categories, One-way ANOVA revealed 

that there were significant different in the levels of fasting plasma glucose (p=0.007), 

CRP (p<0.001), triglyceride (p<0.001), HDL-C (p=0.001), LDL-C (p=0.002), and 

ApoB (0.003). Post-hoc analysis (Tukey’s test) as presented in Figure 2 showed that 

the obese group had significantly higher CRP level than the overweight (p=0.03) and 

normal weight (p<0.001) groups. In addition, both overweight (p=0.05) and obese 

(p=0.02) groups had significantly higher plasma glucose levels than the normal weight 

group (Figure 3). For lipid profile (Figure 4), both overweight (p=0.02) and obese 

(p<0.001) groups had significantly higher serum triglyceride levels than the normal 

weight group. Overweight (p=0.03) and obese (p<0.001) groups also had significantly 

lower HDL-C levels than the normal weight group. Moreover, the overweight group 

had significantly higher levels of serum LDL-C (p<0.001) and ApoB (p<0.001) than 

the normal weight group. 

For BTMs (Table 2), ALP was significantly and positively associated with fat 

mass (P=0.019). Other BTMs were not associated with BMI, fat mass, nor lean mass. 

Table 2 also showed the associations between BMI, fat mass, and lean mass with 

BMD of multiple sites. BMI and lean mass were significantly and positively 

associated with L3 (p=0.024 and p=0.004, respectively) BMD, but only lean mass was 
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significantly and positively associated with L4 (p=0.019) BMD. At the forearm, BMI, 

fat mass, and lean mass were significantly and positively associated with radius 

(p<0.001, p<0.001, and p=0.001, respectively) BMD and ulna (p<0.001, p=0.002, and 

p=0.001, respectively) BMD. BMI, fat mass, and lean mass were also significantly 

and positively associated with ribs (p=0.002, p=0.004, and p=0.043, respectively) 

BMD and spine (p=0.002, p=0.013, and p=0.002, respectively) BMD. BMI and lean 

mass were significantly and positively associated with arms (p=0.017 and p<0.001 

respectively) BMD, legs (p=0.014 and p<0.001 respectively) BMD, and whole-body 

(p=0.019 and p=0.001 respectively) BMD. Only lean mass was significantly and 

positively associated with pelvis (p=0.003) BMD. For hip BMD, both BMI and lean 

mass were significantly and positively associated with trochanter (p=0.004 and 

p<0.001 respectively) BMD. In addition, lean mass was significantly and positively 

associated with ward’s triangle (p=0.017) BMD whereas BMI was significantly and 

positively associated with shaft (p=0.050) BMD. Femoral neck was not significantly 

associated with BMI, fat mass, or lean mass. 

 

The Correlations between Cardiovascular Disease Risk Factors, Bone 

Turnover Markers, and Bone Mineral Density 

When exploring the relationships between CVD risk factors and BMD (Table 

3), small to moderate correlations were found between fasting plasma glucose and 

BMD of multiple sites. There were positive and small correlations between fasting 

plasma glucose and pelvis (r=0.229) BMD, whole-body BMD (r=0.251), lower 

femoral neck (r=0.267) BMD, trochanter (r=0.264) BMD, and right femoral neck 

(r=0.251) BMD. In addition, positive and moderate correlations were found between 
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fasting plasma glucose and L2 – L4 (r=0.334, r=0.317, and r=0.349, respectively) 

BMDs and spine (r=0.335) BMD. Other CVD risk factors were not significantly 

correlated with BMD in this population. 
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Chapter 6 

DISCUSSION 

 In the present study, BMI, fat mass, and lean mass were significantly and 

positively associated with fasting plasma glucose and serum triglyceride levels. 

However, BMI and fat mass, not lean mass, appeared to have significant associations 

with more CVD risk factors including serum CRP, ApoB, TC, and LDL-C. A review 

study66 by Lobo RA supported the findings of the present study. In the study, Lobo 

RA suggested that in postmenopausal women, the increased prevalence of 

cardiometabolic syndrome was primarily due to weight gain and obesity. In the review 

study, the author also reported that fat mass deposition when women become 

menopause is responsible for increased circulating adipocytokines, which affects 

insulin resistance and CVD.66 In addition, the results of the present study are similar to 

the findings of a cross-sectional study67 conducted in 100 postmenopausal Iranian 

women with metabolic syndromes. In the study, the authors observed that high BMI 

was positively correlated with high triglyceride and blood glucose levels. Multiple 

studies investigating postmenopausal or middle-aged women also observed elevated 

triglyceride68–70 and glucose71 levels in this population. The present study also 

observed a positive association between BMI and fat mass with TC and LDL-C in 

osteopenic postmenopausal women. It has been well established that increased 

cholesterol level is a significant predictor of CVD. In postmenopausal women, 

studies72–74 have shown that menopause is positively associated with increased TC and 

LDL-C. The present study also showed that increased BMI and fat mass was 

positively associated with serum CRP level. Elevated CRP level has been associated 

with increased BMI and with CVD risk factors in many cross-sectional studies75–78 
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previously. A cross-sectional study79 assessing 61 obese postmenopausal women also 

demonstrated that CRP level was positively associated with BMI and fat mass. The 

mechanism that linked CRP to obesity is still not well understood, but some studies76–

78 have proposed that in obese individuals, interleukin-6 (IL-6) secreted by adipose 

tissue may trigger CRP level to increase as well. 

Previous studies80,81 have consistently reported that postmenopausal women 

tend to have elevated serum ALP. In the present study, serum ALP was positively 

associated with fat mass in osteopenic postmenopausal women. An animal study82 

demonstrated that obese subjects had significantly higher ALP activity than non-obese 

subjects. A study83 assessing 14224 middle-aged Koreans also observed a positive 

correlation between serum ALP and fat mass. The positive association between fat 

mass and serum ALP is potentially due to the presence of ALP activity in adipose 

tissue, and its enzyme activity is enhanced during adipogenesis84. The presence of 

ALP in adipose tissue suggests that an increase in fat mass may also increase serum 

ALP level. 

In the present study, BMI and lean mass were positively associated with BMD, 

though lean mass was significantly associated with more sites of BMD than BMI. 

Other cross-sectional studies26,48 assessing postmenopausal women also reported that 

lean mass had a stronger association with BMD in multiple sites. In addition, a 

longitudinal study85 following 282 postmenopausal women for two years observed 

that lean mass was the best predictor of BMD at all sites. This suggests that increased 

body weight, and particularly lean mass, may have a protective role for bone in 

postmenopausal women. This can be explained by the greater mechanical loading on 
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the skeleton caused by the greater body mass, which will stimulate the osteocytes to 

increase osteoblasts activity86. 

Fasting plasma glucose of osteopenic postmenopausal women in the present 

study was positively correlated with BMD. A study87 assessing postmenopausal 

women with hyperparathyroidism also reported similar findings. In other studies88,89 

assessing diabetic patients, participants in those studies had significantly higher BMD, 

though glucose levels were not significantly associated with BMD in those patients. 

One potential reason may be due the anabolic effect of insulin on bone formation. 

Insulin interacts with insulin-like growth factor 1 (IGF-1) that present on osteoblasts 

and results in higher bone mass90,91.  

The strength of this study was the utilization of DXA in assessing participants’ 

BMD, fat mass, and lean mass. DXA is considered the gold standard in assessing body 

composition. In addition, various sites of BMD were assessed in this study. Moreover, 

only osteopenic 1-10 years postmenopausal women were recruited for this study. This 

population makes this study unique because no other studies have specifically looked 

at this subpopulation of postmenopausal women. One limitation of the present study 

was the small sample size. Besides, a big percentage of the postmenopausal women 

recruited in the study was Caucasian. So, the results of the present study might not be 

generalizable to postmenopausal women of other races and ethnicities. Future research 

should focus on further exploring the relationship between fasting plasma glucose and 

BMD in this population.  
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Chapter 7 

CONCLUSION 

This study concludes that BMI and fat mass are positively associated with 

CVD risk factors in osteopenic postmenopausal women. In a healthcare setting, BMI 

may be a simple, inexpensive, and reliable tool in predicting CVD risk factors in this 

population. In addition, BMI and lean mass are positively associated with BMD in 

osteopenic postmenopausal women, though lean mass is a better predictor than BMI. 

Future studies should have bigger sample size and include postmenopausal women of 

other races and ethnicities. 
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Appendix A 

TABLES AND FIGURES 

Table 1 Participants’ characteristics, anthropometric measurements, bone mineral 

density, body composition, dietary intake, and physical activity level. 

 
Mean Minimum Maximum Std. 

Deviation 

Age (years) 56.7 44.6 73 4.6 

Weight (kg) 67.3 44.7 103 12.1 

Height (cm) 164.5 151 177.5 5.5 

Body Mass Index (kg/m2) 24.9 18.2 38.2 4.4 

Fat Mass (g) 26425.6 11416 49777 8979.7 

Lean Mass (g) 38064.5 26282 51883 4297.3 

Whole-Body BMD (g/cm3) 1.1 0.9 1.4 0.1 

Physical Activity (kJ/day) 856.8 227.9 2203.7 356.1 

Years Since Menopause (years) 4.9 1.2 10 2.2 

Energy (kcal) 1664 587.6 3939.1 535.2 

Total Carbohydrate (g) 209.6 75 528.1 81.1 

Protein (g) 70.2 25.7 175.4 25 

Total Fat (g) 60.3 13.8 149.2 23.3 
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Table 2 Associations between BMI, fat mass, and lean mass with cardiovascular 

disease risk factors, bone turnover markers, and bone mineral density. 

      B t Sig. 95% CI for B 

Lower 

Bound 

Upper 

Bound 

G
lu

c
o
se

, 
In

fl
a
m

m
a
ti

o
n
 M

a
rk

e
r,

 &
 L

ip
id

 P
ro

fi
le

 

Glucose BMI 0.374 3.142 0.002* 0.352 1.565 

FM 0.392 3.136 0.002* 0 0.001 

LM 0.288 2.517 0.014* 0 0.001 

CRP BMI 0.455 3.695 0.000* 0.051 0.171 

FM 0.488 3.785 0.000* 0 0 

LM 0.227 1.852 0.067 0 0 

ApoA BMI -0.004 -0.029 0.977 -1.544 1.5 

FM 0.057 0.426 0.671 -0.001 0.001 

LM -0.196 -1.664 0.1 -0.003 0 

ApoB BMI 0.367 3.074 0.003* 0.561 2.613 

FM 0.393 3.136 0.002* 0 0.001 

LM 0.169 1.452 0.15 0 0.002 

TC BMI 0.339 2.722 0.008* 0.744 4.768 

FM 0.381 2.928 0.004* 0 0.002 

LM 0.043 0.356 0.723 -0.002 0.002 

HDL-C BMI -0.232 -1.893 0.062 -2.047 0.05 

FM -0.177 -1.362 0.177 -0.001 0 

LM -0.303 -2.687 0.009* -0.002 0 

LDL-C BMI 0.433 3.618 0.000* 1.453 4.994 

FM 0.454 3.619 0.000* 0.001 0.003 

LM 0.181 1.493 0.139 0 0.003 

Lp(a) BMI -0.206 -1.583 0.117 -2.563 0.291 

FM -0.164 -1.192 0.237 -0.001 0 

LM -0.095 -0.753 0.454 -0.002 0.001 

TG BMI 0.352 2.893 0.005* 1.038 5.601 

FM 0.301 2.315 0.023* 0 0.003 

LM 0.237 2.017 0.047* 0 0.005 

B
T

M
s 

OC BMI -0.097 -0.715 0.477 -0.367 0.173 

FM -0.05 -0.369 0.713 0 0 

LM -0.144 -1.08 0.283 0 0 

TRAP BMI -0.188 -1.333 0.186 -0.132 0.026 

FM -0.182 -1.294 0.199 0 0 

LM -0.137 -0.973 0.333 0 0 

DPD BMI 0.017 0.123 0.903 -0.341 0.386 
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FM -0.048 -0.347 0.729 0 0 

LM 0.103 0.745 0.459 0 0.001 

B-ALP BMI 0.12 0.915 0.363 -0.164 0.445 

FM 0.16 1.223 0.225 0 0 

LM -0.017 -0.133 0.894 0 0 

ALP BMI 0.208 1.546 0.126 -0.266 2.128 

FM 0.315 2.38 0.019* 0 0.001 

LM -0.081 -0.597 0.552 -0.002 0.001 

B
M

D
 -

 L
u
m

b
a
r 

S
p
in

e 

L2 BMI 0.23 1.75 0.08 0 0.01 

FM 0.21 1.55 0.12 0 0 

LM 0.24 1.8 0.08 0 0 

L3 BMI 0.3 2.3 0.024* 0 0.02 

FM 0.2 1.53 0.13 0 0 

LM 0.38 2.93 0.004* 0 0 

L4 BMI 0.18 1.31 0.19 0 0.01 

FM 0.07 0.5 0.62 0 0 

LM 0.32 2.4 0.019* 0 0 

B
M

D
 -

 F
o
re

a
rm

 

Radius BMI 0.54 4.54 0.000* 0 0.01 

FM 0.46 3.72 0.000* 0 0 

LM 0.42 3.37 0.001* 0 0 

Ulna BMI 0.36 2.79 0.006* 0 0.01 

FM 0.26 2.01 0.047* 0 0 

LM 0.36 2.84 0.006* 0 0 

Radius & 

Ulna 

BMI 0.49 4.07 0.000* 0 0.01 

FM 0.4 3.2 0.002* 0 0 

LM 0.42 3.41 0.001* 0 0 

B
M

D
 -

 W
h
o
le

 B
o
d
y
 &

 B
o
d
y
 P

a
rt

s 

Head BMI 0.01 0.1 0.92 -0.01 0.02 

FM 0.06 0.45 0.65 0 0 

LM -0.13 -0.98 0.33 0 0 

Arms BMI 0.33 2.42 0.017* 0 0.01 

FM 0.19 1.36 0.18 0 0 

LM 0.48 3.75 0.000* 0 0 

Legs BMI 0.33 2.52 0.014* 0 0.01 

FM 0.14 1.06 0.29 0 0 

LM 0.53 4.28 0.000* 0 0 

Ribs BMI 0.43 3.26 0.002* 0 0.02 

FM 0.39 2.94 0.004* 0 0 

LM 0.28 2.05 0.043* 0 0 

Pelvis BMI 0.19 1.46 0.15 0 0.01 
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FM 0.05 0.35 0.73 0 0 

LM 0.38 3.04 0.003* 0 0 

Spine BMI 0.43 3.27 0.002* 0 0.02 

FM 0.34 2.52 0.013* 0 0 

LM 0.41 3.18 0.002* 0 0 

Whole Body BMI 0.32 2.39 0.019* 0 0.01 

FM 0.18 1.3 0.2 0 0 

LM 0.44 3.33 0.001* 0 0 

B
M

D
 -

 H
ip

 

Lower Neck BMI 0.2 1.51 0.14 0 0.01 

FM 0.12 0.88 0.38 0 0 

LM 0.23 1.8 0.08 0 0 

Ward’s 

Triangle 

BMI 0.22 1.71 0.09 0 0.01 

FM 0.11 0.85 0.4 0 0 

LM 0.31 2.44 0.017* 0 0 

Trochanter BMI 0.39 3 0.004* 0 0.01 

FM 0.24 1.76 0.08 0 0 

LM 0.48 3.85 0.000* 0 0 

Shaft BMI 0.27 1.98 0.050* 0 0.02 

FM 0.21 1.53 0.13 0 0 

LM 0.26 1.91 0.06 0 0 

FN – Left BMI 0.14 1.01 0.31 0 0.01 

FM 0.04 0.29 0.78 0 0 

LM 0.24 1.82 0.07 0 0 

FN – Right BMI 0.1 0.77 0.44 0 0.01 

FM 0.03 0.19 0.85 0 0 

LM 0.21 1.59 0.12 0 0 

BMI, body mass index; FM, fat mass; LM, lean mass; CRP, c-reactive protein; 

ApoA, apolipoprotein A; ApoB, Apolipoprotein B; TC, total cholesterol; TG, 
triglyceride; LDL-C, low-density lipoprotein; HDL-C, high-density lipoprotein; 

Lp(a), lipoprotein a; OC, osteocalcin; TRAP, tartrate-resistant acid phosphatase; 

DPD, deoxypyridinoline; B-ALP, bone-specific alkaline phosphatase; ALP, total 
serum alkaline phosphatase; FN, femoral neck 

 
* Values were significantly (p<0.05) associated with BMI, FM, or LM, after 

adjusting for potential covariates (age, years since menopause, physical activity, 

height, and total energy intake). 
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Table 3 Correlations between cardiovascular disease risk factors, bone turnover 

markers, and bone mineral density. 

BMD 
 

Glucose CRP ApoA ApoB TC HDL-C LDL-C Lp(a) TG 

L2 r .334** 0.148 -0.098 0.039 -0.043 -0.071 -0.011 -0.028 0.075 

L3 r .317** 0.138 -0.033 0.065 0.004 -0.083 0.049 0.016 0.078 

L4 r .349** 0.017 0.051 0.049 0.037 0.018 0.044 0.111 -0.006 

Radius 

& Ulna 

r 0.004 0.058 -.252** 0.149 0.093 -.269** .219* -0.022 0.086 

Pelvis r .229* -0.07 -0.026 0.101 0.06 -0.01 0.083 0.022 -0.003 

Spine r .335** 0.069 0.028 0.162 0.112 -0.008 0.129 -0.063 0.034 

Whole 

Body 

r .251** 0.003 -0.069 0.136 0.091 -0.033 0.138 0.093 -0.064 

Upper 

Neck 

r 0.139 0.007 -0.098 0.048 0.075 0.009 0.077 0.021 0.036 

Lower 

Neck 

r .267** 0.058 -0.103 0.14 0.08 -0.117 0.12 0.031 0.172 

Ward's 

Triangle 

r 0.172 0.08 -0.09 0.108 0.105 -0.051 0.134 -0.018 0.103 

Trochanter r .264** 0.14 -0.089 0.116 0.129 -0.116 0.186 -0.048 0.131 

Shaft r 0.156 0.114 -0.158 0.11 0.093 -0.102 0.153 0.001 0.044 

FN - Left r 0.176 0.024 -0.139 0.071 0.05 -0.081 0.086 0.043 0.078 

FN - Right r .251** 0.048 -0.076 0.127 0.113 -0.044 0.121 0.006 0.168 

r, Pearson correlation coefficient; CRP, c-reactive protein; ApoA, apolipoprotein A; ApoB, apolipoprotein B; 

TC, total cholesterol; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; Lp(a), lipoprotein a; 

TG, triglyceride 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Figure 1 Flow of study 

 
Figure 1 Flow of study including a summary of data collection and analysis. 
  

Phone Screened 
(n=236)

- Medical and nutritional history

* n=104 excluded for not meeting inclusion criteria and other reasons

In-person visit 
(n=132)

- Overnight fasting blood and urine

- 7-day food frequency questionnaire
- Physical activity questionnaire

- Antropometric measurements
- BMD and Body Composition

Data analyzed 
(n=95)

- Biomarkers assessments

- Statistical analysis

* n=37 excluded for incomplete data
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Figure 2 CRP level based on BMI categories 

 

 

Figure 2 Values are reported as means ± SEM. *Asterisk indicates a statistically 
significant difference between the groups, P <0.05. 
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Figure 3 Fasting plasma glucose level based on BMI categories 

 
Figure 3 Values are reported as means ± SEM. *Asterisk indicates a statistically 
significant difference between the groups, P <0.05. 
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Figure 4 Lipid profile based on BMI categories 

 

 

 

 
Figure 4 Values are reported as means ± SEM. *Asterisk indicates a statistically significant 
difference between the groups, P <0.05. 
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Appendix B 

IRB Approval Letter 
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Appendix C 

MEDICAL HISTORY QUESTIONNAIRE 
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Appendix D 

NUTRITION HISTORY QUESTIONNAIRE 
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Appendix E 

FOOD FREQUENCY QUESTIONNAIRE 
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Appendix F 

PHYSICAL ACTIVITY QUESTIONNAIRE 
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