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ABSTRACT 

The overall purpose of this study is to investigate the physical performance of early 

postmenopausal Caucasian women during a 12-month weight reduction program. Additionally, 

the relationships between body composition (bone, fat and lean mass) and physical performance 

during that period is explored. A total of 97 participants aged 56.0(±4.3) years old with an 

average BMI of 30.3(±3.8) kg/m2 were included in this study. Of those, 66 (68 %) and 55 (57 %) 

participants completed the 6-month and 12-month interventions, respectively. The participants 

followed prescribed energy-restricted meal plans and were divided into three groups based on 

calcium and vitamin D intake: hypocaloric diet with calcium+vitamin D supplements (1260 

mg/day+800 IU/day), hypocaloric diet with placebo or hypocaloric diet with 5-6 servings of low-

fat dairy products. Physical performance measures including handgrip strength, 8-meter walking 

speed, one leg stance (OLS), timed 8-foot get-up and go test (TGUG) and chair sit-to-stand test 

(STS) and iDXA scan for body composition and bone mineral density (BMD) were performed at 

baseline, month 6 and month 12. Fasting blood were drawn to analyze the concentration of 

serum 25 hydroxyvitamin D (25OHD) by using ELISA. At baseline, a higher percentage of body 

fat was correlated with poorer physical performance on non-dominant OLS, TGUG, walking 

speed and STS. Multiple regression analyses controlling for age, weight, height, calcium intake, 

serum 25OHD, physical activity and smoking status revealed that having more leg fat (%) was 

related to poorer performance on OLS, TGUG, walking speed and STS indicating this 

relationship was site specific. In addition, handgrip strength was positively related to total lean 

mass. Only forearm BMD (radius 33%) was positively correlated with handgrip strength among 

various skeletal sites. During the 12-month intervention, participants decreased in weight from 

81.4±12.1 kg (BMI of 30.2±3.7 kg/m2) to 78.4±13.4 kg (BMI of 29.1±4.3 kg/m2, p<0.001). 

Among physical performance measures, walking speed and chair STS were significantly 

improved. The results of linear mixed models showed that the decrease in weight and percentage 

of fat were related to the improvement in all physical performance measures over time. The 

change in the amount of lean mass resulted in a positive relationship with the change in the 

handgrip strength, OLS, walking speed and STS over time. However, no significant relationship 

was observed between BMD and physical performance measures. Overall, the percentage of fat 

and its change with weight loss were the most significant predictors of physical performance and 
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its change in overweight/obese postmenopausal women. Even the modest weight loss resulted in 

improvement of some of the physical performance measures in this cohort of overweight/obese 

early postmenopausal women. 
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CHAPTER I 

INTRODUCTION 

Background 

The process of aging is characterized by gradual declines in physical and cognitive 

functions. Some elderly become frail and experience a decline in muscle mass and strength, 

which will ultimately lead to functional disability. Preserving physical functionality can promote 

independent living, which for older adults permits the satisfaction of being self-sustained and 

drastically reduces health care costs. Studies have shown that functional disability increases 

dependence, risk of falls, cardiovascular diseases and mortality (Brown et al. 2000; Ensrud et al. 

2008), in addition to decreasing the overall health status of older individuals (Brown et al. 2000; 

Cawthon et al. 2009). In the United States, more than half of individuals older than 70 years of 

age have one or more functional disabilities and only one third of non-institutionalized 

individuals older than 80 years are free of functional disabilities (Steinmetz 2006).  

Diminished physical performance can be detrimental due to its relationship with falls and 

subsequent fractures among the elderly (Thrane et al. 2007; Muir et al. 2010). Thus, it is 

important to maintain the physical performance starting from the early stage of aging. In general, 

greater body fat mass along with lower muscle mass and bone mineral density are associated 

with poorer physical performance. However, it is unclear whether the decline in functional 

ability can be explained by changes in body composition, fat and muscle mass, and/or bone mass. 

This makes studying the changes in body composition, especially decline in muscle and bone 

mass in older populations a challenging research topic. 

Several epidemiological studies have shown inconsistent results when examining muscle, 

fat and/or bone mass in regard to predicting functional ability among older adults (Launer et al. 

1994; Visser et al. 1998; Visser et al. 1998; Broadwin et al. 2001; Woo et al. 2007). Visser et al 

(1998) reported that higher body fat was associated with functional disability in older Caucasian 

men and women and Woo et al (2007) showed similar results in an older Asian sample. Other 

studies (Lee et al. 2007; Reid et al. 2008) have indicated that having a low level of fat free mass 

is an independent and negative predictor of physical performance. For example, Reid et al (2008) 

found that older adults with lower skeletal leg muscle mass were at a higher risk for mobility and 
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disability. On the other hand, in a study with 1051 community-dwelling Caucasian men and 

women, both the lowest quartile of fat free mass and the highest quartile of fat mass were 

independent predictors of functional disability (Broadwin et al. 2001). In addition, physical 

performance in the elderly measured by handgrip strength has been shown to be positively 

associated with bone mineral density at various skeletal sites (Taaffe et al. 2001; Cauley et al. 

2005), suggesting that there might be a positive association between bone mineral density and 

physical ability in older adults. 

In general, inconsistent findings regarding the relationship between functional ability and 

body composition/bone mass might be due to several factors: 1) the relationship between muscle, 

fat and/or bone mass and functional ability may be the outcome of an interaction between loss of 

bone and muscle mass (Hodgdon et al. 1996; Salamone et al. 2000; Kerr et al. 2007); 2) the 

association between cognitive decline and functional ability has not always been considered 

(Weuve et al. 2004); and 3) the use of different measures for the assessment of both functional 

ability and body composition/bone mass (Lorenzo 2009).  

After menopause, women have a higher chance of gaining weight with changes in body 

fat distribution, including increased amounts of body fat being deposited in the android region 

(Tremollieres et al. 1996; Toth et al. 2000). For example, postmenopausal women usually gain 

from ten to fifteen pounds within a few years of menopausal transition, often adding significant 

abdominal fat stores (Sowers et al. 2007). There are multiple mechanisms responsible for 

postmenopausal weight gain, but they are still not completely elucidated. In addition, the risk of 

bone loss and subsequent development of osteoporosis is also increased during this time period. 

The change in fat distribution of overweight or obese postmenopausal women with loss of bone 

mineral density could result in detrimental changes in the risk factors of falls and functional 

abilities.  

To help reduce bone loss during menopause and aging, it is recommended that women 

over 50 years take in 1,200 mg of calcium and 600 IU of vitamin D (IOM 2011). For adults 70 

years or more 800 IU of vitamin D is needed (IOM 2011). There are several studies investigating 

the role of calcium and vitamin D for weight reduction and physical performance in older adults 

and the possible mechanisms. These findings of possible mechanisms may be based on several 

hypotheses: 1) Calcium increases fecal fat loss by forming calcium soap in the intestines and 

rendering fats unavailable for absorption (Van der Meer et al. 1990; Bendsen et al. 2008); and 2) 
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calcitriol levels suppressed by high calcium diets increases calcium (Ca2+) influx in adipocytes, 

which stimulates lipolysis and suppresses lipogenesis (Zemel et al. 2004). In addition, vitamin D 

has target sites in intestine, kidney and bone for maintaining calcium homeostasis. Newer studies 

show the receptors of vitamin D are in other tissues throughout the body including smooth 

muscle, heart muscle, liver as well as skeletal muscle (Janssen et al. 2002; Pfeifer et al. 2002). 

Vitamin D status has been shown to be positively associated with muscle strength in several 

studies (Houston et al. 2007; Annweiler et al. 2009). The role of vitamin D in muscle contraction 

and the associations with vitamin D receptor polymorphism have been investigated to understand 

its significance on the muscle movement, but these relationships are still unclear (Rabon-Stith et 

al. 2005; Windelinckx et al. 2007).  

The role of calcium and vitamin D on physical performance is not well understood. The 

recent Institute of Medicine (IOM) report, „Dietary Reference Intakes for Calcium and Vitamin 

D‟ (IOM 2011), concluded that relationship between calcium and vitamin D on physical 

performance are inconsistent in both randomized control trials (RCT) and meta-analysis studies. 

Overall, reviews including cross-sectional studies and randomized controlled trials and the new 

report by the IOM suggest more research is needed in this area. Possible biological mechanisms 

of both calcium and vitamin D affecting physical performance are proposed in several studies 

(Van der Meer et al. 1990; Zemel et al. 2004; Ceglia 2009). However, with conflicting results 

regarding the effect of calcium and vitamin D on the risk of falls or physical performance 

measures, calcium and vitamin D should be taken into consideration when evaluating physical 

performance. 

The overall purpose of this study is to investigate the physical performance of early 

postmenopausal Caucasian women during a 12-month weight reduction program. Additionally, 

the relationships between body compositions (bone, fat and lean mass) and physical performance 

during that period is examined. The participants followed prescribed energy-restricted meal plans 

and were divided into three groups based on calcium and vitamin D intake: hypocaloric diet with 

calcium+vitamin D supplements (1260 mg/day+800 IU/day), hypocaloric diet with placebo or 

hypocaloric diet with 5-6 servings of low-fat dairy products to reach recommended levels of 

calcium (1200 mg/day for women aged between 51 and 70 years old) and vitamin D (600 

IU/day). 
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Specific Aims 

Specific Aim 1. To investigate the relationship between physical performance measures 

including, handgrip strength, 8-meter walking speed, one leg stance (OLS), 8-foot timed 

get-up and go test (TGUG) and chair sit-to-stand test (STS), and fat/lean mass and bone 

mineral density assessed at baseline in healthy, overweight/obese postmenopausal women. 

The relationship between body composition and physical performance measures has been 

investigated, however, inconsistent results have been reported regarding the influence of 

muscle/fat mass and bone mineral density on physical performance (Launer et al. 1994; Visser et 

al. 1998; Visser et al. 1998; Broadwin et al. 2001; Woo et al. 2007). This aim will investigate 

which component of body composition (bone, fat or lean mass) will result in the highest 

correlation with physical performance measures. In addition, we will examine whether physical 

performance tests that utilize specific body parts show stronger correlation with each 

corresponding body part as well as the whole body (i.e. handgrip strength with upper body, 

walking with lower body). Since there is some evidence that lower body fat or higher lean mass 

is related to better performance on physical performance tests, the following working hypotheses 

will be tested: 

Working hypothesis 1a: Participants with higher total body lean mass/bone mineral 

density and lower total body fat will have better scores on physical performance measures at 

baseline. 

Working hypothesis 1b: Participants with higher lean mass/bone mineral density or 

lower fat mass in forearm will have stronger handgrip strength at baseline.  

Working hypothesis 1c: Participants with higher lean mass/bone mineral density or 

lower fat mass in lower extremities will have better performance on walking speed, one leg 

stance (OLS), 8-foot timed get-up and go test (TGUG) and chair sit-to-stand test (STS) at 

baseline. 
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Specific Aim 2. To investigate the relationship between the changes in body composition 

(fat mass, lean mass and bone mineral density) and physical performance measures after 

weight loss.  

We will examine if the changes in body composition due to weight loss result in an 

improved physical performance. Studies indicate that weight change is associated with change in 

physical performance in various populations (Miller et al. 2006; Koster et al. 2010; St-Arnaud-

McKenzie et al. 2010). In particular, in older adults it has been shown that higher amounts of 

muscle mass or lower amounts of fat mass maintain physical performance regardless of a 

decrease in weight and physical fitness with aging (Koster et al. 2010). In addition, weight loss 

including decrease in fat mass in obese adults with osteoarthritis was associated with an increase 

in walking speed (Miller et al. 2006). There was no significant difference in grip strength or leg 

extension strength after a 1-yr weight loss program with obese premenopausal women (Uusi-

Rasi et al. 2009). However currently there have been no studies that have examined the 

association between body composition changes and physical performance in early 

postmenopausal women. Thus, the following working hypotheses will be tested: 

Working hypothesis 2a: Physical performance measures will improve at month 6 and 12 

following a weight loss program. Greater weight loss will be associated with greater 

improvement in physical performance measures. 

Working hypothesis 2b: Participants with greater lean mass and bone mineral density 

and lower body fat after weight loss will show a greater improvement in physical performance 

after 6 and 12 months. Difference in change in body composition will affect the change in 

physical performance after 6 and 12 months. 

 

Assumptions 

The following assumptions are included: 

1. All participants truthfully reported their age, menopause status, health conditions, 

dietary record, physical activity and compliance on dietary regimens and supplement intake.  

2. All laboratory equipment (scale, stadiometer, iDXA) and measurement techniques for 

physical performance yielded accurate measurements throughout the entire study period. 
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Delimitations 

The following delimitations are applied to this study: 

1. The participants were postmenopausal (2 to 10 years) Caucasian women that were 

recruited from a mid-size city in the Southeastern United States, Tallahassee, Florida and the 

surrounding community. 

2. Participants were excluded for any of the following conditions: pregnancy, 

uncontrolled hypertension, heart disease, diabetes, thyroid disease, cancer, liver and kidney 

disease, taking hormone replacement therapy or medications that affect bone metabolism and 

calcium and vitamin D supplementation except multivitamin supplementation. 

3. If participants were taking hormone replacement therapy, calcium or vitamin D 

supplementation, participants were able to stop taking those for 3 months and participate in this 

study after that period. 

4. Participants‟ weight and whole body size were limited to the limitation of Lunar iDXA 

(181.6 kg) to fit within the scanning area. 

 

Significance 

Considering the overwhelming prevalence of overweight/obesity in the United States 

along with the consequences of obesity on the population health including increased risk of 

physical disabilities and economic burden, it is crucial to develop strategies to reduce this 

problem. The scientific community is in agreement that there is a pressing need for studies to 

investigate the relationship between body composition and physical performance, especially 

among overweight/obese individuals. It is particularly important to determine whether reduced 

weight might lead to improved physical performance.  

 

  



 7 

CHAPTER II 

REVIEW OF LITERATURE 

Body composition changes with menopause and aging 

Obesity is one of the main risk factors for chronic diseases worldwide, including 

cardiovascular diseases, diabetes, and certain types of cancer. As body mass index (BMI) 

increases from 30 to 35 kg/m2, the prevalence of hypertension increases 2 to 4.5 times, 

respectively, compared to normal values (BMI < 25 kg/m2) (Must et al. 1999). Despite a few 

studies indicating no effect on change in body weight or body composition during or after the 

menopausal transition (Wing et al. 1991; Crawford et al. 2000), several studies have found that 

postmenopausal women are at a higher risk for gaining weight and a tendency to deposit fat in 

the abdominal (android) region (Tremollieres et al. 1996; Toth et al. 2000; Matthews et al. 2001; 

Cervellati et al. 2009; Ho et al. 2010). In a more recent study with community-based healthy 

Chinese women, menopause was an independent factor for an increase in total fat mass and 

android fat measured by DXA (Ho et al. 2010).  

Within the body composition term, muscle mass was sometimes referred to as lean mass, 

nonbone lean mass, fat-free mass, mineral-free lean mass, or skeletal muscle depending on the 

methods used to analyze body composition and how it was described in the original article. 

Therefore, all four terms are used interchangeably in this chapter.  

 

The relationship between body fat and physical performance 

Although different instruments and methods can be used to measure body fat such as 

BMI, waist circumference (WC), waist-to-hip ratio (WHR) or fat mass index (fat mass 

(kg)/height (m)2), most studies show a negative association between body fat and physical 

performance in older adults (Sharkey and Branch 2004; Bohannon et al. 2005; Bouchard et al. 

2007; Estrada et al. 2007; Woo et al. 2007; Bohannon 2008; Jankowski et al. 2008; Valentine et 

al. 2009), especially in the  lower extremities. For example, in a study with 104 community-

dwelling older adult (aged 60 to 90 years) women in Connecticut, participants with higher BMI, 

WC and WHR had poorer physical performance on sit to stand (STS), one legged stance (OLS) 
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and walking speed. Another study including a larger older population in Hong Kong showed 

quadratic trends among BMI groups. In this study, the overweight group (defined by BMI 23 to 

24.9 kg/m2 for this Asian population) had the strongest handgrip strength while the normal 

weight group (BMI 18.5 to 22.9 kg/m2) walked at the fastest speed. The results of this U-shape 

relationship suggest that being somewhat overweight, may be favorable for physical function 

among Asian population. These conclusions are similar to the association found between body 

fat and mortality and mobility (Calle et al. 1999; Adams et al. 2006).    

In addition to using traditional body fat indices and BMI, other studies (Bouchard et al. 

2007; Woo et al. 2007; Jankowski et al. 2008) have used more complex methods to assess body 

composition including body fat and muscle mass. Body fat and muscle mass can be assessed 

using advanced techniques, such as DXA and can be normalized as a fat index (fat mass 

(kg)/height (m)2) or an appendicular skeletal muscle index (ASMI, appendicular muscle mass 

(kg)/height (m)2) to investigate the relationship between body composition and physical 

performance in older adults. Interestingly, Estrada et al. (2007) specifically examined the 

relationship between body composition and physical performance within each body compartment. 

For example, handgrip strength showed stronger positive correlations with total ASMI than 

lower extremity ASMI (r = 0.21 and 0.19, respectively, p < 0.05). In addition, physical 

performance measures using lower extremities such as walking speed or OLS were negatively 

correlated with fat index of the lower extremities. Overall, compared to muscle mass, body fat 

was still the strongest determinant of physical performance in older adults in that the higher the 

body fat mass, the poorer the physical performance. These relationships can also be site specific. 

For example, fat mass or muscle mass of lower extremities have been found to have stronger 

relationships with lower extremity physical performance than total fat mass or muscle mass. 

  

The relationship between lean mass and physical performance 

Many studies support the finding that muscle rather than fat mass is significantly 

positively associated with physical performance measures (Payette et al. 1998; Visser et al. 1998; 

Visser et al. 2000; Taaffe et al. 2001; Pedersen et al. 2002; Newman et al. 2003; Rolland et al. 

2003; Rolland et al. 2004; Lee et al. 2007; Reid et al. 2008). A study with mobility-limited 

community-dwelling older adults, who had an average age of 74.2±7 years, showed that lower 
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leg muscle mass was a significant predictor of physical performance, as measured by Short 

Physical Performance Battery (SPPB; Reid et al. 2008). Participants who were able to gain 1 kg 

of muscle mass had 47 % less chance for having severe mobility impairment, as defined by a 

SPPB score less than 7 (after adjustment for number of medical diagnoses, physical activity level, 

total hip BMD, total leg muscle mass and total body fat). In this study, the total percentage of 

body fat was not a significant determinant of SPPB scores.  

In addition, gender has been shown to be another factor that affects the relationship 

between body composition and physical performance in older adults. Several studies support the 

finding that for males muscle mass has a greater impact on physical performance, whereas both 

muscle and fat mass are significantly associated with physical performance in females. For 

example, in males, faster walking speed has been associated with higher muscle mass in the 

lower extremities, while in females walking speed had a strong relationship with both body fat 

(%) and muscle mass (Valentine et al. 2009). In the Health, Aging and Body composition (ABC) 

study, only male sarcopenic participants defined by ASMI (appendicular muscle mass index) at 

the lowest 20 % of the distribution of study population, showed poorer physical performance 

(Newman et al. 2003). 

Among the items of physical performance measures, handgrip strength is often used to 

identify functional disability in older adults. Due to its availability and easiness to perform, 

handgrip strength is often used as a measure of muscle strength. There is a positive relationship 

between handgrip strength and muscle mass (Payette et al. 1998; Visser et al. 1998; Taaffe et al. 

2001; Pedersen et al. 2002; Rolland et al. 2003; Rolland et al. 2004; Estrada et al. 2007; Lee et al. 

2007; Woo et al. 2007).  The association between handgrip strength and health outcomes such 

as functional limitation and cognitive decline has been found in many studies (Bohannon 2008; 

Taekema et al. 2010). Studies with older men and women have shown strong positive 

relationships between handgrip strength and total body muscle mass measured by DXA 

(Pearson‟s r ranged from 0.46 to 0.53, p < 0.0001) or BIA (R2 = 0.28 ~ 0.28, p < 0.01) after 

adjusting for confounders such as age or height (Payette et al. 1998; Visser et al. 1998). In 

particular, the relationship became stronger with upper extremities or appendicular skeletal 

muscle mass (Taaffe et al. 2001), suggesting that there is a site-specific relationships between 

handgrip strength and muscle mass (r = 0.32, p < 0.01), especially upper extremity muscle mass 

(r = 0.39, p < 0.01).  
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Although handgrip strength has been widely used to measure general health status and 

functional ability in the older adult, the positive relationship between handgrip strength and 

appendicular muscle mass is stronger in non-obese people than obese people. According to the 

EPIDOS (EPIDemiology of OSteoporosis) study with 1,458 French women aged 70 years or 

older, handgrip strength was positively associated with appendicular muscle mass from four 

limbs measured by DXA (Rolland et al. 2003). The relationship was stronger in lean (BMI < 24 

kg/m2) and normal-weight to overweight groups (BMI = 24 – 29 kg/m2) and was significantly 

positive (p < 0.001).  However, the relationship became weaker (although still significant) in 

the overweight-obese group (BMI > 29 kg/m2, p < 0.05). Similarly, in another study of 226 older 

men and women between 70 and 75 years old living in Copenhagen, Denmark, the results 

showed a tendency for the group with BMI < 24 kg/m2 to have the highest handgrip strength 

compared to the other BMI groups (Pedersen et al. 2002). Considering the similar results with 

sarcopenic participants, muscle mass might be the better explanatory factor for physical 

performance measures in non-obese people. 

Composition of muscle has also been examined to investigate the relationship between 

muscle quality and physical performance in several studies. Higher muscle attenuation expressed 

as lower fat infiltration, smaller amount of fat deposited within the muscle measured by CT, is 

often used as an indicator of better muscle quality. These researchers demonstrated that using fat 

infiltration in muscle as a measure of muscle quality, rather than muscle mass is a better 

predictor of muscle performance (Visser et al. 2002; Hicks et al. 2005). In the Health ABC Study, 

the results indicated that both high muscle mass and low fat infiltration, as measured by DXA 

and CT respectively, were associated with faster walking speed and timed chair sit-to-stand test 

(Visser et al. 2002). Another study using sub-samples of Health ABC cohort, trunk and thigh 

muscle area were not significantly associated with physical performance. However, higher trunk 

or thigh fat infiltration has been associated with poorer physical performance in lower 

extremities (Hicks et al. 2005).  

Although many studies support the conclusion that muscle mass is a strong predictor of 

physical performance in older adults, it is evident that lower fat infiltration in muscle, as a 

measure of muscle quality could also be a good predictor of physical performance. Since the role 

of infiltrated fat in muscle is still unknown, more studies are needed to investigate the effects of 

fat infiltration on physical performance. 
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The relationship between bone mineral density and physical performance 

It is well established that physical performance is an independent predictor of the risk of 

falls and fractures (Morita et al. 2005; Chan et al. 2007). However, the relationship between 

physical performance and BMD is unclear, with conflicting results from various research studies. 

With aging, loss of muscle and bone mass has significant implications on both physical function 

and health (Castaneda et al. 1995; Berry et al. 1996; Roubenoff 1999; Lorenzo 2009). 

Some studies support the notion that physical performance has a weak or lack of 

association with BMD in various skeletal sites. A study with 47 older women (80.3±7.0 years) 

who had a previous hip fracture showed no association between walking speed and non-fractured 

leg and lumbar spine BMD as measured by DXA (Madsen et al. 2000). Another study (Foley et 

al. 1999) with 104 community dwelling older women, indicated a positive correlation between 

femur BMD measured by DXA and handgrip strength (Pearson correlation r = 0.42, p < 0.001).  

However, more studies have shown positive associations between BMD in various 

skeletal sites and lower extremity physical performance measures (Tang et al. 2007; Karkkainen 

et al. 2009; Sun et al. 2009). Studies with Asian older adults living in Taiwan (Tang et al. 2007) 

and Japan (Sun et al. 2009) showed that participants with higher calcaneus bone mass, as 

measured by quantitative ultrasound, walked faster after adjusting for BMI. In a Finnish study 

with older women (Karkkainen et al. 2009), hip BMD and lumbar spine BMD were positively 

correlated with some physical performance measures including OLS and handgrip strength after 

adjusting for age, BMI, hormone therapy use, years since menopause, smoking status and use of 

oral glucocorticoids (r2 = 0.16 ~ 0.21, p < 0.05). 

The findings in previous studies that physical performance related to a specific extremity 

is associated with bone mass of that same extremity are well supported. The results from the 

Study of Osteoporotic Fractures conducted in 5,405 older women of non-African origins with a 

mean age of 73.8±5.3 years showed that handgrip strength was positively associated with higher 

BMD in various skeletal sites, but particularly that of the forearm (Orwoll et al. 1996). In this 

study, increases in handgrip strength by 5 kg showed increases in distal radius and femoral neck 

BMD by 3 % and 1 % after controlling for age and weight. Additionally, faster walking speed 

(0.2 m/s) was associated with an increase in 1 % BMD of femoral neck, but not other skeletal 

sites. Similarly, Lindsey et al. (2005) conducted a study in 116 postmenopausal Caucasian 
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women with a mean age of 68.3±6.8 years examining the relationship between different skeletal 

sites and measures of physical performance, including normal and brisk walking speed, step 

length, OLS, timed chair sit-to-stand test and handgrip strength. Results from multiple regression 

controlling for BMI, age of onset of menarche, total calcium intake and total hours of physical 

activity, showed that higher femoral neck, hip and total BMD were significantly associated with 

faster walking speed, longer step length and longer OLS time. On the other hand, stronger 

handgrip strength was significantly associated with all forearm BMD sites, but not with higher 

femoral neck BMD.  

The relationship between handgrip strength and BMD of forearm was has been found to 

be stronger than BMD of other skeletal sites in several studies.  A study of 2,619 community-

dwelling older adults participating in the Health ABC study investigated the correlation between 

handgrip strength and BMD of various skeletal sites (Taaffe et al. 2001). Handgrip strength had 

the strongest positive correlation with upper limb BMD (r = 0.26, p < 0.01), followed by lower 

limb BMD (r = 0.17, p < 0.01) or total (r = 0.17, p < 0.01) and femoral neck BMD (r = 0.15, p < 

0.01). Similarly, in a study where bone mass was measured using an OsteoAnalyzer in 9,704 

women of non-African origins (aged 71.6±5.3 years), an increase in 5kg of handgrip strength 

was correlated with a 3.5% increase in distal radius bone mass (Bauer et al. 1993). The same 

trend was observed in a study with men. The Osteoporotic Fractures in Men Study (Cauley et al. 

2005) including 5,995 men aged 73.7±5.9 years showed that only handgrip strength had a 

positive association with femoral and lumbar BMD measured by DXA and none of the other 

measured physical performance variables were significantly correlated with walking speed, STS 

and ability to stand from chair without arms.  

Notably, the study with the Health ABC study cohort including 3,041 community-

dwelling older adults (Taaffe et al. 2003) showed that the association between hip region BMD 

and physical performance were sex and race specific, showing the strongest association in black 

women, followed by white women and men. In white women, a moderate trend was observed 

between femoral neck BMD and STS test while there was no difference in trochanter BMD 

among the groups divided by STS quartiles. Since the analyses already included physical activity, 

other variables such as nutritional, hormonal or environmental factors could be considered to 

further explain the differences under the genetic basis among races. 
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Effect of weight loss on change in physical performance  

With the increase in the prevalence of obesity in older adults, limitations in activities of 

daily living (ADL) in older adults are estimated to increase by ~20 % from 2000 to 2010 without 

further weight gain (Sturm et al. 2004). In addition, sarcopenia or loss of muscle mass with aging 

is also an important risk factor of mobility limitation (Visser et al. 2005) and mortality (Newman 

et al. 2006) in older adults. Studies show that loss of muscle mass is not the only independent 

factor of age-related declines in muscle strength (Goodpaster et al. 2001; Goodpaster et al. 2006). 

However, weight reduction in older adults could have both potential risks and benefits on 

improving physical performance and mobility. 

Several studies have shown that weight loss in overweight/obese adults has been 

associated with increases in physical performance including walking speed (Messier et al. 2000; 

Focht et al. 2005; Maffiuletti et al. 2005; Miller et al. 2006; Villareal et al. 2006; Miller et al. 

2008; Morey et al. 2009; Ross et al. 2009; Bouchard et al. 2010) and improvement on self-

reported physical performance scores. For example, a study with community dwelling older 

women aged 60+ years indicated significant weight reduction during 3 months of a weight loss 

program which resulted in an improvement in a multitude of physical performance tests 

including walking speed and sit-to-stand chair tests (Jensen et al. 2004).  

In a study with overweight/obese older adults aged 60+ years with knee osteoarthritis, a 

six-month community-based weight loss program with caloric restriction and exercise resulted in 

significant weight reduction. The participants lost ~7.3% of body fat (%) and ~1.8% of fat-free 

mass from the baseline and improved on physical performance indicators including walking 

speed and stair climb (Miller et al. 2006). In addition, changes in percent body fat and fat free 

mass had significant negative correlations with the change in 6-minute walking distance (r = -

0.331, -0.343, p < 0.01 respectively). Interestingly, further analysis with the same study cohort 

indicated that even the participants who lost their muscle mass (kg) while losing percent body fat 

during the 6 month weight loss program had knee concentric and eccentric extension muscle 

strength that were significantly improved (25 % and 8 %, respectively; Wang et al. 2007).  

In a randomized controlled trial with community dwelling overweight/obese older adults, 

Santanasto and colleagues (Santanasto et al. 2011) compared two groups, a weight loss group 

with diet and physical activity and a control group with physical activity and health education 
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over a 6-month period. The weight loss group improved in physical performance measures 

including chair stand, balance and walking speed with a significant amount of loss of both fat 

and lean mass while the control group did not show any changes on body composition and 

physical performance measures. Overall, successful weight loss in overweight/obese older adults 

may be effective in the prevention of losing physical performance and mobility impairment in 

the future.  

 

Effect of calcium/vitamin D on physical performance 

Studies on the effect of calcium and vitamin D on physical performance had inconsistent 

results. In a recent review by Latham and colleagues (2003), 13 randomized controlled trials of 

vitamin D supplementation on falls and physical performance in older adults indicated 

insufficient evidence to support the conclusion that vitamin D supplementation alone would 

improve muscle strength or physical performance in older people (pooled RR = 0.99, 95 % CI = 

0.89 - 1.11). Notably, the results from the Women‟s Health Initiative (Brunner et al. 2008) did 

not support the conclusion that there would be a beneficial effect of 1000 mg of calcium 

supplementation with 400 IU vitamin D per day compared to the placebo group in women. There 

were no significant differences in grip strength, chair stand and walking speed between the 

supplement and control groups. Authors noted that the dose of vitamin D in this study might be 

too low to show improvements in physical function. In addition, the authors argued that the 

population in this study was generally healthy with substantial levels of serum vitamin D, which 

could not provide enough power to detect. Wicherts et al (2007) investigated the association 

between serum 25-hydroxyvitamin D (25OHD) concentration and physical performance and its 

decline during 3 years of follow-up period in the elderly aged 75.3±6.5 years old. When the 

participants were divided into the groups based on serum 25OHD concentrations, below 10 

ng/ml, 10-20 ng/ml, 20-30 ng/ml and above 30 ng/ml, the groups with serum 25OHD 

concentrations between 10 ng/ml and 20 ng/ml and below 10 ng/ml were associated with poorer 

physical performance (OR=-0.45, -1.65 respectively, p<0.05) compared to the participants with 

serum 25OHD concentrations above 30ng/ml (controlled for age, gender, number of chronic 

diseases, degree of urbanization, BMI, alcohol consumption and physical activity). During the 3 

years of follow up, the greater decline in physical performance was observed in the lower serum 
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25OHD groups; below 10 ng/ml and 10-20 ng/ml (OR=2.21, 2.01 respectively, p<0.05) 

compared to the group with > 30 ng/ml of serum 25OHD. As recently reviewed by Annweiler et 

al (2009), both cross-sectional and clinical trial studies did not fully support the positive effect of 

vitamin D supplementation on physical performance. When serum vitamin D concentration was 

low (i.e. below 30 ng/ml), the positive association between serum vitamin D concentration and 

physical performance was observed. In this case, vitamin D supplementation (at least 800 IU per 

day for minimum of 6 months intervention) improved physical performance. 

Annweiler et al (2009) suggests that these conflicting results could be explained in 

several ways, such as controlling for potential confounders including age, nutritional status, 

different types of physical performance measures, baseline vitamin D status and different types 

of vitamin D measured. The authors also addressed that low vitamin D status at baseline or 

vitamin D deficiency might be a marker of secondary hyperparathyroidism, which might mediate 

the muscle weakness. One study with elderly women with secondary hyperparathyroidism 

indicated that calcium along with vitamin D supplement is more effective than calcium 

supplementation alone. In this study, participants were divided into two groups and given either 

calcium supplementation (1200 mg/day) with vitamin D (800 IU/day) or calcium (1200 mg/day) 

alone for 8 weeks. During the 1-year of follow up period, participants with both calcium and 

vitamin D supplement had significantly lower number of falls than calcium alone group (0.24 

and 0.45 respectively, p<0.05, (Pfeifer et al. 2000)). 

Researchers also examined vitamin D receptors in various organs in animal models. They 

noted that vitamin D may play a role in various tissues as vitamin D receptors (VDR) were 

identified in the intestine, kidney and bone as well as skeletal muscle (Haussler et al. 1998). In 

particular, as the possible biological mechanisms of vitamin D on muscle function, it is 

hypothesized that vitamin D status might have possible impact on neuromuscular system. Studies 

with VDR knockout mouse model and muscle biopsies suggest that vitamin D status or its 

supplementation could be related to changes in muscle composition. Some studies also have 

found that supplementation of vitamin D could increase the size and quantity of type II muscle 

fiber, which could result in improvement in muscle performance (Ceglia 2009; Minasyan et al. 

2009). However, these studies have been conducted in animal models and further research is 

needed before these conclusions can be generalized to humans. 
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Overall, a recent report by the IOM (2011) concluded that the role of calcium and vitamin 

D on improvement on physical performance or reducing falls is unclear. Even though possible 

biological plausibilities of calcium and vitamin D observed from animal studies were observed, 

these are not considered in the IOM report since there are no known observational studies or 

randomized controlled trials in humans. Furthermore, the IOM report mentioned that meta-

analysis studies or systematic reviews that examined physical performance and vitamin D have 

used inappropriate methods or showed no significant results. Therefore, due to insufficient 

evidence supporting the possible role of calcium and vitamin D in physical performance, we did 

not consider the group differences in calcium and vitamin D intake for the statistical analyses in 

this study. Instead, all participants were combined into one group and calcium and vitamin D 

were controlled. 
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CHAPTER III 

RESEARCH DESIGN AND METHODS 

Overview of recruiting research participants and study protocol 

Overweight and obese early-postmenopausal women (2-10 years after menopause) were 

recruited through newspaper advertisements between August 2006 and October 2009. The 

inclusion criteria included the following:  

 BMI between 25.0-40.0 kg/m2  

 Generally healthy participants without any chronic condition like hypertension, 

thyroid problems, severe osteoporosis or diabetes. 

 Not smoking cigarettes greater than a pack per day. 

 Participants should not be on weight loss medication, other weight loss program, 

or hormone replacement therapy at least 3 months prior to the enrollment of study.  

The eligibility criteria were confirmed during the initial visit. Participants signed an 

informed consent to participate in the study, which was approved by the Florida State University 

Institutional Review Board. A total of 97 participants were included in this study at baseline 

(Figure 1). Figure 2 presents the timeline of the testing procedures. 

After recruitment, eligible participants were randomly assigned to one of the three weight 

loss regimens: hypocaloric diet with calcium + vitamin D supplements (1260 mg/day + 800 

IU/day) or placebo pills or hypocaloric diet with low-fat dairy products to reach recommended 

levels of calcium (1200 mg/day of calcium). During the initial visit, anthropometries, body 

composition and physical performance tests were measured and the inclusion criteria were 

verified. At the first group meeting, participants brought 3 days of dietary records and physical 

activity survey forms and were assigned a meal plan based on their energy expenditure. During 

the first 3 months, participants mandatorily attended a group meeting every 2 weeks (total 6 

sessions). Each group meeting included a one-hour session on behavioral modification and a 

one-hour session on nutritional counseling. These groups consisted of 5-6 participants. 
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Total Participants at baseline 

(N=97) 

         

         

Participants who completed  

6 month follow up  

(N=66) 

 Participants who dropped out 

before 6 month follow up 

(N=31) 

         

        

Participants who 

completed 12 month 

follow up 

(N=55) 

  Participants who 

dropped out before 12 

month follow up 

(N=11) 

     

 

 
Initial 

Visit 

During Intervention 

(Every 2 weeks for 3 months) 

6-month 

Follow up 

12-month 

Follow up 

Anthropometric 

Measurements 
X X X X 

iDXA scan X  X X 

Behavioral modification/ 

nutrition counseling session 
 X   

Physical performance 

measures 
X  X X 

Figure 1 The flowchart of recruitment and data collection at each time point 

Figure 2 Timeline of testing procedures 
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Intervention 

Estimate of Individual Energy Expenditure Level and Dietary Plan 

The Mifflin St. Jeor equation (Mifflin et al. 1990) was used to calculate each participant‟s 

energy expenditure (Equation 1). The equation incorporates weight, height, and age to calculate 

basal metabolic rate for female. Multiplying by the physical activity factor, participant‟s daily 

energy needs necessary for weight maintenance was estimated as follows (Equation 2): 

   Equation 1: Basal metabolic rate = 10×weight (kg) + 6.25×height (cm) - 5×age (yr) – 161 

   Equation 2: Estimated energy requirement = basal metabolic rate × physical activity factor 

Physical activity factor 

 Very physically active: 1.4 

 Fairly physically active: 1.3 

 Not very physically active: 1.2 

 Not at all physically active (sedentary): 1.1 

The estimated energy requirement was reduced by 500 kcal in creating each individual‟s 

dietary plan in order to elicit a weight loss of 0.5-1 kg/week. The diet plan was based on the 

Dietary Guidelines for Americans (USDA 2005), which includes a diet rich in fruits and 

vegetables, whole grains, lean meat and low-fat dairy products. The meal plan was flexible and 

participants chose their preferred food (within offered food groups). Participants were taught 

how to modify their diet based on individual preferences. 

Nutritional & Behavioral Modification Lifestyle Intervention 

During the group meetings, a dietitian discussed menus designed for each participant‟s 

energy level while incorporating her food preferences. Other topics that were covered as part of 

nutritional counseling included portion sizes, how to interpret food labels, fat and energy content 

of common foods, how to make sensible choices when dining out and during holidays, what to 

exchange for cravings, and recipe modification. 

The behavioral modification sessions were conducted with the help of a behavioral 

therapist. The sessions were structured to achieve change in multiple domains, including eating 

behaviors (such as becoming aware of alternate eating patterns), thought processes (such as 

improving attitudes and restructuring cognitions), relationship (such as increasing and drawing 
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upon social support), exercise (developing enjoyable and maintainable routines) and coping 

skills (developing stress management techniques). Attendance in group meetings was recorded 

for each participant. 

 

Measurements 

Anthropometric measurement and body composition analysis 

Body weight was measured in kg to the nearest tenth in normal indoor clothing without 

shoes, on an electronic platform balance (Seca, Hanover, MD). Standing stature was recorded to 

the nearest tenth of centimeter without shoes on a wall stadiometer. Weight and height were used 

to calculate BMI (kg/m2). The bone mineral density and body composition of soft (lean and fat) 

mass was measured by dual energy x-ray (DXA) absorptiometry using a Lunar iDXA machine 

(GE Medical Systems, Madison, WI) with standard software supplied by the manufacturer 

(Encore 2006, version 9.1). The upper weight limit for the table is 181.6 kg and all participants 

were positioned to fit within the scanning area. Participants were measured for bone mineral 

density (g/cm2) of total body, anterior-posterior spine (L1-L4), femur (neck and total), and 

forearm (radius at ultradistal (UD) and 33 % distance from styloid process and total). For body 

composition analysis, the total fat (%), total lean mass (kg), arm fat (%), arm lean mass (g), leg 

fat (%), leg lean mass (g), android fat (%) and gynoid fat (%) were derived and calculated. The 

measurement specifications for DXA scans were set as follows. Spine height (L1-L4) for each 

participant was set to y = 68 mm (default size). After the scan, the regions of interest (ROI) were 

placed on the top of L5 (site of pelvis), the center of the spine, all of abdomen (top of pelvis) and 

on the midpoint of the thigh. Scans were performed according to the manufacturer‟s instructions 

with participants in the supine position. The DXA machine was calibrated daily. Long-term 

stability was determined by weekly measurement of an aluminum spine phantom (Liu 2010). 

Physical Performance Tests 

Physical performance was performed during the initial visit, 6-month follow up visit, and 

12-month follow up visit. The items of measuring physical performance were previously 

validated (Rikli 2000; Bohannon 2008; Bohannon 2008) and each item is described below. 
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Handgrip dynamometry has been well validated in predicting health outcomes including 

functional decline and limitations in middle-aged and older adults (Bohannon 2008). Handgrip 

strength was measured by a Lafayette Instrument hand dynamometer model #78010 (Lafayette, 

IN). The participant held the hand dynamometer with the hand of one of the arms stretched out to 

the side of the body at a 45 degree angle and squeezed the handgrip as hard as possible while 

exhaling.  Handgrip strength was then measured on the opposite hand. A total of three 

measurements were taken for each arm. The highest strength was picked for each arm and then 

these measurements were added together. 

The timed 8-foot get-up and go test is the assessment of dynamic balance and agility 

(Rikli 2000; Wall et al. 2000; Nordin et al. 2008). In the 8-foot timed get-up and go test, the 

participant starts seated in a standard height, armless chair. On go the participant must stand, 

walk around a cone placed eight feet away, walk back to the chair, and return to the seated 

position while being timed. The test was repeated two times, the shortest time was recorded. 

Rikli (2000) found that a score of 8.5 seconds or higher is associated with higher risks of falls in 

community dwelling older adults.  

The timed chair sit-to-stand test was utilized to assess lower body strength (Bohannon 

1995; Jones et al. 1999; Rikli 2000). This test records the number of times a participant can rise 

to a complete stand and return to the seated position without the use of arms for support. A 

standard height armless chair was used for the sit to stand task. The duration for the test was a 

total of thirty seconds. While the test was being performed, the participant was asked to cross her 

arms and put hands on the shoulders to restrain her from using her arms while standing up from 

the chair.  

The one leg-stance test (Bohannon et al. 1984; Jonsson et al. 2004) was used to assess 

balance as the participant stands on one leg with the opposite leg raised and time was recorded in 

seconds, stopping when the participant touches any supporting surface. The maximum seconds 

counted was 30 seconds per trial, the test was repeated two times with the longest time trial being 

recorded. 

The 8-meter normal and brisk walk (Bohannon 2008; Tolea et al. 2010) are timed 

measures of both the participant‟s walking speed and number of steps taken within an eight 

meter distance for both normal and brisk walking performance in order to determine gait speed 
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and step length. The test was repeated two times, and the shortest time and the number of steps 

were recorded.  

Dietary and Physical Activity Assessment 

At baseline, 6- and 12-month follow-ups, each participant completed a detailed 3-day 

dietary record (2 weekdays and one weekend-day). The participants were instructed by a dietitian 

how to complete the records and how to choose typical days for reporting. They were supplied 

with food scales and measuring cups to help in measuring food and determining right portion 

sizes. Since participants were allowed to continue taking nutritional supplements including 

multivitamins during the study, all multivitamin/mineral or other supplements were also recorded 

in order to calculate total intake of each. The dietary records were analyzed by Food Processor, 

version 10.1.0 (ESHA Research, Salem, OR) for all nutrients. 

In order to assess physical activity, each participant completed the Allied Dunbar 

National Fitness Survey for older adults (Dunbar 1992) at baseline and 6 and 12-month follow 

ups. Activities examined included: heavy housework (vacuuming, mopping, scrubbing floors), 

gardening (heavy and light); do-it-yourself activities (DIY) (wall-papering, wall-painting); 

walking (distances of at least 1 mile or 20 minutes in duration); and recreational and sport 

activities (aerobics, bicycling, swimming, tennis). Data collected included frequency and 

duration of each activity reported as hours/week based on the previous four weeks. Stair 

climbing was reported as the average number of steps climbed per day in and outside of the 

home. Walking pace was self-reported as slow, average, brisk or fast. Total activity was assessed 

by adding up hours per week engaged in heavy housework, gardening, DIY, recreational 

activities and walking, and was calculated at baseline and each follow up assessment described 

previously (Ilich and Brownbill 2008). 

Serum 25-hydroxy vitamin D (25OHD) concentration  

Overnight fasting blood samples were obtained by venous puncture at the initial visit, 6 

month and 12 month follow ups. Serum was separated from red blood cells and stored at -80 C° 

until needed for analysis. For the assessment of vitamin D status, serum 25-hydroxy vitamin D 

(25OHD) concentration was determined by a competitive enzyme-linked immunosorbent assay 

(ELISA: Alpco Diagnostics, Salem, NH).  
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Statistical Analyses  

All data were analyzed using the Statistical Analysis Software (version 9.2; SAS Institute 

Inc., Cary, North Carolina). Baseline characteristics of participants were reported as means and 

standard deviations for anthropometrics, body composition, physical performance measures and 

covariates (age, physical activity level, total calcium intake, serum 25OHD concentration and 

smoking status) at baseline. The one leg stance, for both left and right leg, was recoded as 

dichotomized variables due to the violation of normality assumption as a continuous variable; the 

participants were divided into two groups, those who can perform 30-seconds one-leg stance („1‟) 

or those who cannot („0‟). 

All follow-up body composition/bone measurements as well as physical performance 

measures were calculated as a percent change from baseline. The methods for handling missing 

data are further explained in the following section. In that regard, average cumulative values for 

all variables of interest were calculated by summing the available values from all time-points 

(baseline, month 6 and month 12). However, as already established in clinical trials, when 

compliance declines (either due to drop-out or poor-adherence to protocol), treatment effect 

decreases, regardless of its efficacy (Everitt 1999). Therefore, a more comprehensive analysis for 

longitudinal studies (mixed effects regression models incorporating repeated measures) was 

utilized to examine the change in physical performance across time and to determine the most 

significant predictors – lean, fat or bone mass.  

In order to test the association between body composition (fat mass (%), lean mass (g) 

and BMD for each skeletal sites and total body) and each item of physical performance measures 

at baseline, Pearson correlation coefficients were calculated after controlling for age. A multiple 

regression method was used to control for any covariates including age, physical activity level, 

total calcium intake (dietary calcium intake + supplemental calcium intake from multivitamin 

supplement), serum 25OHD as an indicator of vitamin D status and smoking status. Multiple 

logistic regression models were applied to predict the ability to perform one-leg stance test for 

each leg. 

Repeated measures analysis of variance tests were used to examine changes in physical 

performance over time at baseline, month 6 and month 12 follow-up visits. Multiple comparison 
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method and analysis of variance were conducted to examine the differences in any covariates. 

Post-hoc Tukey tests were performed to identify significant differences between any two groups. 

Mixed effects regression models incorporating repeated measures at month 6 and 12 were 

fitted to examine the relationship between the changes of physical performance measures, weight 

and body composition. Linear mixed modeling via SAS PROC MIXED was used to examine 

correlates of 1) weight change over time (baseline, month 6 and month 12) and 2) changes in 

body composition and BMD of each skeletal site over time with change in physical performance 

measures controlling for age, physical activity, calcium intake, smoking status and serum 

25OHD concentration. The “unstructured” variance-covariance structures were used since it 

showed the best fit to the repeated measures based on the information criteria.  

Power Calculation 

G*Power software (Victoria, Australia) was used to perform sample size calculation and 

power analysis. In order to calculate the sample size for this study, two previous studies were 

used (Avila et al. 2010; Santanasto et al. 2011). Based on the study of 10-week weight loss 

program in overweight older adults and changes in physical performance measured by Short 

Physical Performance Battery (SPPB) (Avila et al. 2010), the estimated sample size to detect the 

changes in SPPB score after 10-week weight loss program was 15. Based on another study 

(Santanasto et al. 2011) where the correlation between the changes in abdominal fat and physical 

performance measured by SPPB (r = -0.47) were examined, the estimated sample size was 38. 

Based on these calculations, the sample size in this study would be enough to detect the changes 

in both fat and physical performance during 12-month weight loss program assessed in this study. 

Management of Missing Values 

In order to deal with dropouts, the completers-only analysis was applied. In the 

completers-only analysis, only the data for participants who came in for the measurement at 

baseline and month 12 (the last follow-up visit) were included. In other words, any participant 

who missed the follow up visit at month 6 was still included if the participant completed the 

follow-up visit at month 12. In order to see if the dropouts have significantly different 

characteristics or not, analysis of variance was performed for each measured item among the 

participants who completed the 12 month intervention and the participants that dropped out at 
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each follow up visit (month 6 and month 12). For categorical variables such as one leg stance, 

Chi-square tests were used. In addition, Fisher‟s exact test was applied for checking smoking 

status because of smaller number of participants who were smokers.  

In order to manage any missing values for covariates, an intent-to-treat last observation 

carried forward (ITT-LOCF) method was used to impute any missing follow-up values for 

possible confounders. This method is widely used in other weight loss studies to handle missing 

data due to ease of application and interpretation (Ware 2003; Elobeid et al. 2009). However, as 

Elobeid et al (2009) suggested, in the case in which compliance at 12-month follow-up is low 

and the proportion of missing data is high, coupling mixed models with permutation could be 

used to check any biased results from the analysis with data only non-missing part. In this study, 

since the proportion of missing data of covariates was low (only 6 cases), ITT-LOCF method 

was applied to impute any missing data.  
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CHAPTER IV 

RESULTS 

Baseline characteristics 

A total of 97 participants whose BMI was less than 40 were included in the study and of 

those, 66 (68%) and 55 (57%) participants completed the 6-month and 12-month interventions 

respectively (Figure 1). 

Table 1 presents the descriptive baseline characteristics of all recruited participants, those 

who completed the 12-month intervention, and those who dropped out at each follow-up visit 

(month 6 and month 12). There were no statistical differences (analysis of variance, chi-square 

test or Fisher‟s exact test) in any of the measured variables at the baseline among those who 

completed the 12-month intervention and participants who failed to complete the study. Thus, 

the dropouts are considered as random and further longitudinal analyses include only those who 

completed the 12-month intervention period (n=55). The missing data that occurred in energy 

intake and physical activity were treated with ITT-LOCF method as described previously. 

At baseline, the participants were 56.0±4.3 years old with a BMI of 30.3±3.8 kg/m2 and 

had 44.8±4.7% body fat (mean±SD). The percentage of android and gynoid fat was 54.4 ±6.1% 

and 54.9±4.9%, respectively. Total, spine, femur and forearm BMD (g/cm2) was 1.130±0.108, 

1.139±0.143, 0.975±0.117 and 0.497±0.054 respectively. 

Total energy, calcium and vitamin D intake was 1685.6±396.9 kcal/day, 862.1±399.9 

mg/day and 336.1±293.7 IU/day, respectively. Based on the recommended dietary allowance 

(RDA) of 1200 mg/day for calcium and 600 IU/day for vitamin D, calcium and vitamin D intake 

was significantly below the RDA in these participants (IOM 2011); p<0.01). The serum 25OHD 

concentration was 68.1±28.3 nmol/L with 25.8% of participants (n=25) having less than 50 

nmol/L, placing them at risk for inadequacy (IOM 2011).  

Participants engaged in 9.1±8.8 hours of physical activities per week and about 5 % (n=5) 

of them were smokers, but smoked less than one pack per day. The handgrip strength from both 

hands was 48.6±10.7 kg and 85.6 % (n=83) of participants were able to stand with at least one 

leg for 30 seconds. The mean time of timed get-up and go (TGUG), 8-meter normal and brisk 
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walking test were 5.5±0.9, 5.7±1.2 and 4.3±0.9 seconds respectively. The number of chair sit-to-

stands (STS) for 30 seconds was 13.9±3.0. 
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Table 1. Baseline characteristics of all participants and those who dropped out (Mean± SD) 

Variable 

Total 
(n=97) 

Completed 
(n=55) 

Dropped out 
at 6 month 

(n=31) 

Dropped out 
at 12 month 

(n=11) 
p-value 

Age (year) 56.0±4.4 56.3±4.2 55.3±4.4 56.7±5 0.464 
Weight (kg) 82.9±12.7 81.7±12.2 85.7±14 79.8±9.5 0.892 
Height (cm) 163.5±6 163.8±6 162.9±6 163.9±6.3 0.958 
BMI (kg/m2) 31.0±4.6 30.4±4 32.3±5.3 29.8±4.6 0.873 
Energy intake (kcal/day) 1694.3±394.7 1656.5±376.5 1760.4±418.6 1664.4±411.2 0.451 
Physical activity (hr/wk) 9.1±8.8 7.7±5.1 11.1±12.3 9.5±9.1 0.423 
Smoking status* (%) 5 (5.2%) 2 (3.6%) 2 (6.5%) 1 (9.1%) 0.508 
Calcium intake (mg/day) 862.1±399.9 874.4±441.4 831.4±351.9 903.2±351.1 0.591 
Total vitamin D intake (IU/day) 336.1±293.7 335.9±275.2 319.8±255.3 341.2±335.9 0.986 
Serum 25OHD (nmol/L) 68.1±28.3 73.7±31.1 62.3±22.9 58.4±25.3 0.113 

Body Composition and Bone Mineral Density (BMD) 

Arms fat (%) 42.1±4.6 42.4±4.8 42.1±3.9 40.9±4.9 0.607 
Arms Lean mass (kg) 4.3±0.7 4.2±0.7 4.4±0.7 4.4±0.6 0.343 
Legs fat (%) 44.6±5.5 45.1±5.7 44.4±5.1 42.4±5.5 0.326 
Legs Lean mass (kg) 14.5±1.8 14.5±1.8 14.5±2.0 14.3±1.6 0.931 
Android Fat (%) 54.9±6.3 54.9±6.4 54±6.1 55.2±6.3 0.828 
Gynoid Fat (%) 55.2±5.0 55.4±5.1 53.9±4.8 55.4±5.1 0.558 
Total Fat (%) 45.3±5.0 45.3±4.9 43.5±4.7 45.8±5.1 0.542 
Total lean mass (kg) 42.0±4.6 41.6±4.4 42.5±4.8 42.2±4.6 0.691 
Total body BMD (g/cm2) 1.135±0.107 1.122±0.102 1.142±0.106 1.151±0.116 0.540 
Spine BMD (L1-L4, g/cm2) 1.139±0.143 1.130±0.139 1.163±0.156 1.113±0.124 0.476 
Total Femur BMD (g/cm2)** 0.980±0.116 0.967±0.108 0.997±0.126 0.994±0.126 0.522 
  Femoral neck BMD (g/cm2) 0.924±0.113 0.916±0.109 0.938±0.098 0.931±0.124 0.745 
Forearm BMD (g/cm2) 0.499±0.053 0.493±0.046 0.483±0.044 0.512±0.063 0.224 
  Radius 33% BMD (g/cm2) 0.681±0.070 0.677±0.066 0.687±0.077 0.678±0.075 0.836 
  Ultradistal Radius BMD (g/cm2) 0.340±0.051 0.331±0.044 0.357±0.061 0.336±0.045 0.083 

Physical Performance Measures 

Handgrip strength (kg) 48.6±10.7 48.9±9.5 50.4±15 47.8±11.2 0.757 
One leg stance (Dominant)*** 81(83.5%) 44(80.0%) 28(90.3%) 9(81.8%) 0.459 
One leg stance (Non-dominant)*** 79(81.4%) 44(80.0%) 28(90.3%) 7(63.6%) 0.135 
Timed get-up and go (sec) 5.5±0.9 5.5±0.8 5.6±0.9 5.3±1.0 0.684 
8-meter Normal walk (sec) 5.7±1.2 5.8±1.4 5.7±0.8 5.1±0.7 0.214 
8-meter Normal walk (steps) 11.8±1.4 11.8±1.4 12±1.3 10.8±1.4 0.076 
8-meter Brisk walk (sec) 4.3±0.9 4.3±1.2 4.3±0.6 4.1±0.6 0.866 
8-meter Brisk walk (steps) 10.7±1.2 10.6±1.3 10.9±0.9 10.4±1.3 0.346 
Timed chair sit-to-stand (n) 13.9±3.0 13.3±2.7 14.5±3.5 15.1±2.8 0.070 
* Number of participants who were currently smoking at the baseline. P-value was determined by Fisher‟s 
exact test. 
** The average of left and right femur. 
*** % indicates the proportion of participants who can perform one leg stance for 30 seconds. Chi-square tests 
were performed.  
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The relationship between physical performance measures and body 

composition/BMD at baseline 

 

Specific Aim 1. To investigate the relationship between physical performance measures 

including, handgrip strength, 8-meter walking speed, one leg stance (OLS), timed 8-foot 

get-up and go test (TGUG) and chair sit-to-stand test (STS), and fat/muscle mass and bone 

mineral density assessed at baseline in healthy, overweight/obese postmenopausal women 

 

Table 2 shows Pearson‟s correlation coefficients between each physical performance 

measure and weight, body composition/BMD after controlling for age. Table 3 shows the results 

of a multiple regression analysis between the body composition/BMD of various skeletal sites as 

independent variables and each physical performance measure as dependent variables in all 

participants at baseline after controlling for possible confounders including weight (BMD only), 

height, age, physical activity, total calcium intake, serum 25OHD concentration and smoking 

status. Overall, a higher percentage of body fat was related to poorer physical performance. 

However, there was a positive relationship observed between handgrip strength, as a determinant 

of muscle strength, and total lean mass (Figure 4A). When relationships were examined for 

different body parts, the results also supported the hypothesis that the relationships between lean 

mass and body fat are site specific meaning that body composition of lower extremities (lean 

mass and body fat in legs (%)) were associated with physical performance measures of the lower 

extremities (walking and STS) and the same holds for the upper extremities. 

 

Working hypothesis 1a: Participants with higher total body lean mass/bone mineral density 

and lower total body fat will have better scores on physical performance measures at 

baseline 

The relationship with body weight and body mass index (BMI) 

Weight was negatively correlated with the one leg stance (OLS) on both non-dominant (r 

= -0.314, p < 0.01) and dominant sides (r = -0.238, p < 0.05), showing that the correlation is 

stronger with the non-dominant leg. Handgrip strength and the number of chair sit-to-stand (STS) 

measures were significantly correlated with weight (r = 0.207 and r = -0.326, p < 0.05). Higher 
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BMI was correlated with longer time to complete 8-meter walking at both a normal and a brisk 

pace (r = 0.363 and r = 0.282, p<0.01, Table 2).   

The relationship with body fat (%) 

Higher body fat (%) was correlated with poorer physical performance. Total body fat (%) 

was significantly correlated to OLS in non-dominant leg (r = -0.240, p<0.05), timed get-up-and-

go test (TGUG, r = 0.228, p<0.01), 8-meter walking time in both normal and brisk pace (r = 

0.356 and 0.308 respectively, p<0.01) and STS (-0.287, p<0.01; Table 2).  

In multiple regression analyses, body fat (%) was positively related to 8-meter walking 

time at both normal and brisk pace (R2=0.23 and 0.15, respectively, p<0.05; Table 3). For the 8-

meter normal walking speed, the percentage of fat in the arms, android and gynoid regions had a 

positive relationship with walking time (R2 = 0.13 ~ 0.23, p < 0.05). At the brisk walking speed, 

the 8 meter walking time had a positive relationship with the percentage of fat in the total, 

android and arm regions (R2 = 0.15, R2 = 0.12, R2 = 0.16; p < 0.05 respectively). In addition, the 

number of steps during the 8-meter brisk walking had a positive relationship with the percentage 

of fat in the gynoid regions (R2 = 0.30, p < 0.05).The number of STS was negatively associated 

with a higher percentage of fat in the android regions (R2 = 0.22, p = 0.04) while the relationship 

with gynoid fat (%) was not significant.  

 The results of logistic regression analyses with the OLS for each leg showed that an 

increase of 1% of fat in the total and gynoid regions would decrease the chance of being able to 

stand with each leg for 30 seconds by 12.1-21.4 % (OR = 0.786 ~ 0.879; p < 0.05, Table 4). 

The relationship with lean mass 

Lean mass and physical performance had a positive relationship with handgrip strength, 

as handgrip strength was the only item which directly measures muscle strength. Pearson 

correlation showed that there was a positive relationship observed between handgrip strength, as 

a determinant of muscle strength, and total lean mass (Figure 4 (A), r = 0.345, p<0.01). There 

were negative correlation observed between total lean mass and number of steps during the 8-

meter walking task, but not with walking time (r = -0.238 and -0.346 respectively, p<0.05). 

Although no significant correlation was observed between total lean mass and STS, multiple 

regression analysis controlling for covariates indicated total lean mass could predict the number 

of chair STS (R2=0.19, p<0.05) only, not any other physical performance.  

 



 31 

The relationship with bone mineral density (BMD) 

 No significant relationship was observed between bone mineral density in various 

skeletal sites and physical performance measures, except the handgrip strength (Table 2). 

  

Working hypothesis 1b: Participants with higher lean mass/bone mineral density or lower 

fat mass in forearm will have stronger handgrip strength at baseline.  

Handgrip strength was positively correlated with weight (kg), but not BMI or the percent 

fat in the arms (Table 2). In the multiple regression analyses, there were no significant 

associations observed between arm fat (%) and handgrip strength (Table 3). Handgrip strength 

was positive correlated with lean mass in arms (r = 0.254, p < 0.05, Table 2). Among forearm 

BMD, radius 33 % BMD showed a significantly positive correlation with handgrip strength (r = 

0.207, p < 0.05), showing the relationship is site-specific (Figure 4 (B)). However, these 

relationships disappeared in a multiple regression analyses controlling for the covariates. 

 

Working hypothesis 1c: Participants with higher lean mass/bone mineral density or lower 

fat mass in lower extremities will have better performance on 8-meter walking speed, one 

leg stance (OLS), 8-foot timed get-up and go test (TGUG) and chair sit-to-stand test (STS) 

at baseline 

Leg fat (%) was positively related with the physical performance using lower extremities, 

such as TGUG, 8-meter walking time at normal and brisk pace and number of chair STS 

(R2=0.13~0.23, p<0.05). 

8-meter walking at normal and brisk pace 

At 8-meter normal walking speed, the percentage of fat in legs had a positive relationship 

with walking time (R2 = 0.13, p < 0.05). Interestingly, the walking time at normal speed also 

showed a positive relationship with lean leg mass (R2 = 0.14, p < 0.05). In addition, the number 

of steps in the 8-meter brisk walking showed a positive relationship with the percentage of fat in 

the legs (R2 = 0.31, p < 0.05). 

One leg stance (OLS) 

OLS did not have a significant correlation with fat/lean mass in legs (Table 2). However, 

the results of the logistic regression analyses with the OLS for both dominant and non-dominant 

leg showed that an increase of 1% of fat in legs would decrease the chance of being able to stand 
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with each leg for 30 seconds by 20.1% (OR = 0.799, p<0.01) and 12.1% (OR = 0.879, p < 0.05, 

Table 4). There was no relationship between OLS and BMD in any of the skeletal sites examined.  

Timed get-up and go test (TGUG) 

The percentage of fat in the legs had a positive relationship with TGUG, showing that 

participants with a higher amount of fat (%) in the legs would take more time to complete TGUG.  

Chair sit-to-stand test (STS) 

The number of STS in 30 seconds was negatively correlated with the percentage of fat in 

the legs (r = -0.287, p < 0.05). Interestingly, lean mass in the legs also showed a negative 

correlation with the number of STS (r = -0.219, p < 0.01). In multiple regression analysis, the 

number of STS was negatively associated with a higher percentage of fat in the legs (R2 = 0.23, p 

= 0.03).  
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Variables 
Handgrip 
strength 

OLS 
(Dominant) 

OLS 
(non-dominant) 

TGUG 
8-meter normal walk 8-meter brisk walk Chair 

STS Time (sec) Steps (n) Time (sec) Steps (n) 

Weight (kg) 0.207* -0.238* -0.314** 0.139 0.195 -0.123 0.176 -0.193 -0.326** 

BMI (kg/m2) 0.055 -0.153 -0.269** 0.185 0.363** 0.102 0.282** 0.042 -0.161 

Arms lean mass (g) 0.254* -0.029 -0.101 0.086 -0.005 -0.111 -0.017 -0.140 -0.136 

Arms fat (%) -0.111 -0.170 -0.077 0.072 0.269** 0.001 0.299** 0.064 -0.199 

Legs lean mass (g) 0.277** -0.125 -0.149 -0.002 0.012 -0.225* -0.016 -0.332** -0.219** 

Legs fat (%) -0.11 -0.177 -0.203 0.205 0.203* 0.203* 0.146 0.237* -0.235** 

Android fat (%) -0.057 -0.112 -0.180 0.193 0.315** 0.025 0.256* 0.074 -0.236* 

Gynoid fat (%) -0.134 -0.156 -0.215 0.197 0.160 0.157 0.094 0.206* -0.256* 

Total lean mass (g) 0.345** -0.141 -0.188 -0.005 -0.034 -0.238* -0.025 -0.346** -0.198 

Total fat (%) -0.102 -0.184 -0.240* 0.228** 0.356** 0.103 0.308** 0.135 -0.287** 

Total body BMD 0.012 0.025 -0.023 0.076 <0.001 0.050 -0.040 -0.009 0.130 

Spine (L1-L4) BMD -0.095 0.059 0.008 0.082 0.013 -0.005 0.021 -0.011 0.097 

Total femur BMD 0.001 0.103 0.028 0.08 0.076 -0.026 0.024 -0.051 0.068 

Femoral neck BMD 0.047 0.105 0.061 0.045 -0.022 -0.12 -0.056 -0.121 0.052 

Forearm BMD 0.144 -0.023 0.002 0.079 0.109 0.034 0.150 -0.062 0.063 

Radius 33% BMD 0.207* -0.107 -0.024 0.081 0.089 0.028 0.119 -0.069 0.025 

Ultradistal Radius BMD 0.011 0.050 -0.016 0.092 0.110 0.162 0.131 0.153 0.072 

*p<0.05, ** p<0.01; OLS=one leg stance, TGUG= timed get-up and go test, STS=sit-to-stand  

  

Table 2. Pearson correlation between weight, body mass index (BMI) and body composition/bone mineral density (BMD) and 
physical performance measures (N=97) 
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Table 3. Multiple regression models* with physical measure items as dependent variables (N=97) 

Variables 

Handgrip 

strength (kg) 
TGUG (sec) 

8-meter Normal walk 8-meter Brisk walk 
Chair STS (n) 

Time (sec) Steps (n) Time (sec) Steps (n) 

R2 β p R2 β p R2 β p R2 β p R2 β p R2 β p R2 β p 

Arms lean mass (g) 0.14 0.00 0.25 0.16 0.00 0.14 0.11 0.00 0.24 0.22 0.00 0.48 0.07 0.00 0.57 0.26 0.00 0.61 0.19 -0.00 0.88 

Arms fat (%) 0.14 -0.32 0.19 0.14 0.01 0.57 0.17 0.08 <0.01 0.21 0.01 0.62 0.16 0.06 <0.01 0.27 0.03 0.28 0.21 -0.10 0.11 

Legs lean mass (g) 0.14 0.00 0.39 0.15 0.00 0.34 0.14 <0.01 0.04 0.21 0.00 0.70 0.08 0.00 0.30 0.26 0.00 0.41 0.19 -0.00 0.69 

Legs fat (%) 0.14 -0.21 0.29 0.18 0.03 0.04 0.13 0.04 <0.05 0.13 0.05 0.03 0.09 0.03 0.16 0.31 0.05 0.01 0.23 -0.11 0.03 

Android fat (%) 0.13 -0.07 0.69 0.15 0.02 0.23 0.22 0.06 <0.01 0.19 0.01 0.57 0.12 0.04 0.03 0.26 0.02 0.44 0.22 -0.10 0.04 

Gynoid fat (%) 0.15 -0.30 0.18 0.18 0.03 0.05 0.24 0.04 0.10 0.12 0.05 0.07 0.08 0.02 0.34 0.30 0.05 0.02 0.24 -0.08 0.08 

Total lean mass (g) 0.15 0.00 0.10 0.15 0.00 0.39 0.21 0.00 0.18 0.12 0.00 0.74 0.08 0.00 0.37 0.26 0.00 0.37 0.19 -0.13 0.02 

Total fat (%) 0.14 -0.22 0.36 0.17 0.03 0.09 0.23 0.09 <0.01 0.21 0.04 0.17 0.15 0.06 0.01 0.27 0.04 0.16 0.24 0.00 0.89 

Total body BMD 0.14 -8.28 0.46 0.17 0.68 0.40 0.22 -1.30 0.27 0.23 0.29 0.83 0.15 -1.17 0.23 0.26 0.10 0.93 0.24 5.16 0.07 

Spine (L1-L4) BMD 0.15 -11.9 0.15 0.18 0.76 0.20 0.22 -0.63 0.48 0.23 -0.90 0.37 0.14 -0.21 0.77 0.26 -0.45 0.61 0.23 2.43 0.26 

Total femur BMD 0.13 -2.44 0.62 0.17 0.14 0.70 0.23 -0.16 0.75 0.22 -0.48 0.42 0.14 -0.30 0.48 0.26 -0.25 0.62 0.22 1.32 0.30 

 Femoral neck BMD 0.13 -2.24 0.65 0.17 0.24 0.50 0.23 -0.25 0.64 0.22 -0.53 0.37 0.14 -0.34 0.44 0.26 -0.42 0.41 0.22 1.32 0.30 

Forearm BMD 0.13 14.29 0.50 0.16 2.40 0.12 0.13 4.39 0.07 0.22 2.13 0.41 0.11 3.99 0.04 0.26 0.21 0.92 0.19 3.25 0.56 

 Radius 33% BMD 0.14 16.10 0.32 0.18 1.24 0.29 0.23 1.86 0.28 0.24 2.30 0.24 0.15 1.85 0.19 0.26 0.90 0.59 0.22 4.30 0.31 

 Ultradistal Radius BMD 0.13 -1.73 0.94 0.17 1.29 0.46 0.22 -0.29 0.91 0.23 2.08 0.47 0.14 1.21 0.57 0.27 3.16 0.20 0.22 4.42 0.48 

*Models were controlled for age, weight (for BMD only), height, calcium intake, serum 25OHD, physical activity and smoking status.  

TGUG= timed get-up and go test, STS=sit-to-stand 
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Table 4. Logistic regressions* with one leg stance as a dependent variable (N=97) 

Variables 
One leg stance (dominant) 

One leg stance  

(non-dominant) 

Odds ratio (CI) p Odds ratio (CI) p 

Arms lean mass (g) 1.000 (0.999, 1.001) 0.48 1.000 (0.999, 1.000) 0.49 

Arms fat (%) 0.864 (0.739, 1.011) 0.07 0.864 (0.739, 1.011) 0.07 

Legs lean mass (g) 1.000 (0.999, 1.000) 0.16 1.000 (0.999, 1.000) 0.17 

Legs fat (%) 0.799 (0.676, 0.945) <0.01 0.879 (0.778, 0.994) 0.04 

Android fat (%) 0.896 (0.794, 1.011) 0.69 0.902 (0.809, 1.006) 0.06 

Gynoid fat (%) 0.783 (0.644, 0.951) 0.01 0.861 (0.745, 0.996) 0.04 

Total lean mass (g) 1.000(1.000, 1.000) 0.09 1.000 (1.000, 1.000) 0.14 

Total fat (%) 0.786 (0.654, 0.945) <0.01 0.838 (0.720, 0.975) 0.02 

Total body BMD 1.032 (0.961, 1.172) 0.39 1.001 (0.940, 1.065) 0.97 

AP Spine (L1-L4) BMD  1.048 (<0.993, >1.072) 0.09 1.011 (0.967, 1.058) 0.63 

Total femur BMD 1.008 (0.989, 1.035) 0.54 1.006 (0.979, 1.033) 0.67 

   Femoral neck BMD 1.030 (0.996, 1.066) 0.09 1.008 (0.981, 1.004) 0.55 

Forearm BMD 0.973 (<0.933, 1.172) 0.69 0.997 (<0.933, 1.172) 0.96 

Radius 33% BMD  0.983 (<0.993, 1.041) 0.21 0.983 (<0.993, >1.072) 0.71 

Ultradistal radius BMD 0.946 (<0.993, 1.068) 0.37 0.948 (<0.993, 1.059) 0.34 

*Models were controlled for age, weight (for BMD only), height, calcium intake, serum 25OHD, 
physical activity and smoking status. For BMD, the unit for odds ratio is 0.01g/cm2. 
Reference value of being able to stand with one leg for 30 seconds is 1.00 

 



 36 

 
 
 

Figure 3. Scatterplots with timed get-up and go (TGUG), chair sit-to-stand (STS) test and total 

body fat (%) at baseline (p<0.01) 

 

    

     (A) Total lean mass (kg)    (B) Forearm (radius 33%) BMD 

Figure 4. Scatterplots with handgrip strength and total lean mass (A) and forearm (radius 33%) 

BMD (B) at baseline (p<0.05) 
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Changes in body composition, physical performance and other covariates during a 

12-month intervention 

 

Specific Aim 2. To investigate the relationship between the changes in body composition 

(fat mass, lean mass and bone mineral density) and physical performance measures after 

the weight loss  

 

To examine changes in body composition and other covariates at all follow-up times, a 

repeated measures analysis of variance was used. Table 5 compares anthropometries, energy 

intake, physical activity level, physical performance measures and body composition/BMD at 

baseline, month 6 and month 12.  

 

Working hypothesis 2a: Physical performance measures will improve at month 6 and 12 

following a weight loss program. Greater weight loss will be associated with greater 

improvement in physical performance measures. 

Changes in weight and BMI 

Overall, participants lost 3.0±4.7 kg (3.8±5.9%) and decreased weight from 81.4±12.1 kg 

to 78.4±13.4 kg, (p<0.001) during the 12-month intervention. This corresponded to a reduction 

in BMI from 30.2±3.7 kg/m2 to 29.1±4.3 kg/m2 (p<0.01, Figure 5). At month 6, there were 

significant weight and BMI reductions from the baseline. However, the weight and BMI were 

not significantly changed at month 12 compared to month 6. Thus, participants significantly lost 

weight during the first 6 months and were able to maintain the weight during the following 6 

months. 
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Means with different superscripts are significantly different (p<0.05). 

 

 

Changes in energy, calcium and vitamin D intake, serum 25OHD concentration and 

physical activity  

The total calcium and vitamin D intake was significantly increased at month 6 

(1258.0±560.8 mg/day; 509.1±413.6 IU/day), compared to baseline (880.8±442.9 mg/day; 

334.7±277.6 IU/day) and remained stable at month 12 (1236.9±592.0 mg/day; 527.3±457.9 

IU/day). However, there was no statistical difference in serum 25OHD concentration from 

baseline (73.5±31.3 nmol/L) both at month 6 (82.8±32.3 nmol/L) and 12 (72.8±31.4 nmol/L). 

Physical activity was increased from 7.8(±5.1) hours per week at baseline to 10.9(±7.1) hours at 

month 6 and 11.3±9.0 hr/wk in month 12. Even though the total energy intake was significantly 

decreased at month 6 (1432.9±360.0 kcal/day) from baseline (1655.6±379.9 kcal/day), it was 

increased again at month 12 (1541.4±356.0 kcal/day) so that the energy intake at month 12 was 

not significantly different from the baseline (Table 5).  
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Changes in body composition/BMD 

Similar to the changes in weight and BMI at month 6 and 12, the percentages of total fat, 

android and gynoid fat at baseline (45.2±4.8%, 54.7±6.3% and 55.3±5.1% respectively) were all 

decreased at month 6 (42.9±6.0%, 51.4±8.7% and 53.1±6.5% respectively) and maintained at 

month 12 (43.3±6.1%, 51.3±8.8% and 52.3±7.0% respectively; p<0.001 for all). The total lean 

mass at baseline (41.6±4.4kg) was also significantly decreased at month 6 (41.1±4.5kg; p<0.05), 

however, it slightly increased again at month 12 (41.3±6.1kg) but was not significantly different 

from month 6. Total BMD and spine BMD remained unchanged during the intervention while 

forearm and femoral BMD significantly decreased at month 12 by 0.002 and 0.014g/cm2 

respectively (p<0.01; Table 5). 

Changes in physical performance measures 

In this study, physical performance test items using the lower body such as 8-meter 

walking speed at normal pace and timed chair sit-to-stand significantly improved over time along 

with the weight loss (Table 5). However, the handgrip strength and timed get-up and go tests, to 

assess agility and balance, were not improved over time (Figure 7). Similarly, the one-leg stance 

test did not improve over time; however, this might be due to the ceiling effect related to this 

measure. 

The number of chair STS continuously improved at both month 6 (14.7±3.4 times, 

p<0.001) and month 12 (15.8±4.7 times, p<0.001) from baseline (13.3±2.7 times, Figure 8). 8-

meter walking speed at normal pace at month 6 (5.4±0.5 sec.) also significantly shortened from 

baseline (5.8±1.4 sec, p=0.023), but the difference was not maintained at month 12 (5.4±0.7 sec, 

Figure 9).  
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Figure 6. Handgrip strength at baseline, month 6 and month 12 (mean±SE, p=0.645) 
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Figure 7. Timed get-up and go test (mean±SE) at baseline, month 6 and month 12 (p=0.397) 



 41 

 

Figure 8. Number of chair sit-to-stand at baseline, month 6 and month 12 (mean±SE, p<0.001) 

Means with different superscripts are significantly different (p<0.05). 

 

 

 

Figure 9. 8-meter walking time (mean±SE) at normal (p=0.023) and brisk pace (p=0.700) 

Means with different superscripts are significantly different (p<0.05). 
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Table 5. The changes in weight, BMI, body composition, physical performance and other 
covariates at each visit 

Variables Baseline 
6 month 

follow up 

12 month 

follow up 
p-value 

Weight (kg) 81.4±12a 77.5±12.7b 78.4±13.4b <0.001 

BMI (kg/m2) 30.2±3.7a 28.7±4b 29.1 ±4.3b 0.001 

Energy intake (kcal/day) 1655.6±379.9a 1432.9±360.0b 1541.4±356.0a,b <0.001 

Physical activity (hr/wk) 7.8±5.1a 10.9±7.1b 11.3±9b 0.001 

Calcium intake (mg/day) 880.8±442.9a 1258.0±560.8b 1236.9±592b <0.001 

Total vitamin D intake (IU/day) 334.7±277.6a 509.1±413.6b 527.3±457.9b <0.001 

Serum 25OHD (nmol/L) 73.5±31.3 82.8±32.3 72.8±31.4 0.077 

Body Composition and Bone Mineral Density 

Arms lean mass (kg) 4.2±0.7a 3.8±0.9b 4.3±0.7a <0.001 

Arms fat (%) 42.41±4.8 41.8±5.6 42.0±6.1 0.2744 

Legs lean mass (kg) 14.5±1.8a 14.1±2.0b 14.2±2.0b <0.001 

Legs fat (%) 45.1±5.7a 43.4±6.1b 43.8±6.5b <0.001 

Android Fat (%) 54.7±6.3a 51.4±8.7b 51.3±8.8b <0.001 

Gynoid Fat (%) 55.3±5.1a 53.1±6.5b 52.3±7.0b <0.001 

Total Fat (%) 45.2±4.8a 42.9±6.0b 43.3±6.1b <0.001 

Total lean mass (kg) 41.6±4.4a 41.1±4.5b 41.3±4.8a,b 0.004 

Total body BMD (g/cm2) 1.119±0.1 1.113±0.099 1.116±0.103 0.222 

Spine BMD (L1-L4, g/cm2) 1.130±0.139 1.123±0.140 1.121±0.141 0.084 

Femur total BMD (g/cm2)* 0.963±0.106a 0.959±0.105a,b 0.952±0.107b 0.007 

Femoral Neck BMD (g/cm2) 0.914±0.109a 0.909±0.109a 0.900±0.110b <0.001 

Forearm BMD (g/cm2) 0.492±0.046a 0.486±0.047b 0.484±0.046b 0.001 

 Radius 33% BMD (g/cm2) 0.677±0.066a 0.672±0.069a,b 0.668±0.070b 0.039 

 Ultradistal radius BMD (g/cm2) 0.331±0.044a 0.324±0.047b 0.323±0.044b 0.010 

Physical Performance Measures 

Handgrip strength (kg) 48.9±9.6 48.5±10.4 49.7±9.3 0.645 

One leg stance (Dominant)** 44 (80.0%) 49 (89.1%) 47 (85.5%) 0.408 

One leg stance (Non-dominant)** 44 (80.0%) 47 (85.5%) 46 (83.6%) 0.740 

Timed get-up and go (sec) 5.5±0.8 5.4±0.8 5.4±0.7 0.397 

8-meter normal walk (sec) 5.8±1.4a 5.4±0.5b 5.4±0.7a,b 0.023 

8-meter normal walk (steps) 11.8±1.4 11.7±0.9 11.4±1.2 0.107 

8-meter brisk walk (sec) 4.3±1.2 4.3±0.5 4.2±0.5 0.700 

8-meter brisk walk (steps) 10.5±1.3 10.6±1.1 10.5±1.1 0.537 

Timed chair sit-to-stand (n) 13.3±2.7a 14.7±3.4b 15.8±4.7c <0.001 

Means with different superscripts are significantly different according to Tukey test at p<0.05. 
* The average of left and right femur. 
** Chi-square tests were performed. 
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The relationship between changes in weight, BMI and body composition/BMD and 

physical performance during a 12-month intervention 

 

Working hypothesis 2b: Participants with greater lean mass and bone mineral density and 

lower body fat after weight loss will show a greater improvement in physical performance 

after 6 and 12 months. Difference in change in body composition will affect the change in 

physical performance after 6 and 12 months. 

 

Table 6 presents the results of linear mixed models to examine the relationship between 

changes in physical performance measures and changes in weight and body composition over 

time.  

With handgrip strength, a decrease in the percentage of fat in both arms was related to an 

increase in handgrip strength in individual levels over time, as was the case with the percentage 

of fat in both legs. The change in the amount of lean mass in both legs and total mass also had 

positive relationships with change in the handgrip strength over time.  

With the timed get-up and go test (TGUG), participants with a greater loss in the 

percentage of total fat in the arms, legs, android and gynoid regions took less time to complete 

TGUG. Interestingly, the change in forearm BMD over time also had a positive relationship with 

time to complete TGUG. 

The relationship between changes in body composition and physical performance among 

participants with weight reduction also demonstrated that the changes are more likely to be site 

specific. Especially with lower extremities, physical performance measures such as one-leg 

stance (OLS), number of chair sit-to-stand (STS) in 30 seconds and 8-meter walking speed had 

significant negative associations with changes in the percentage of body fat in the legs. 

OLS and STS were two physical performance measure items that had a significant 

correlation with weight changes. Those who lost more weight during the intervention showed 

greater improvement in one-leg stances for both legs and the number of STS in 30 seconds. With 

OLS items, the percentage of fat in the total, legs, android and gynoid regions had negative 

relationships with the ability of being able to stand with one leg for 30 seconds. Interestingly, the 

amount of lean mass in the legs and total also had a negative relationship with OLS. As the 
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number of STS in 30 seconds was the only physical performance measure that indicated a 

significant improvement over time, a decrease in the percentage of fat in the arms, legs, android 

and gynoid regions and total were significantly related to the increase in number of STS in 30 

seconds over time. The decrease in total lean mass was also significantly related to the 

improvement in STS. 

For walking speed, the decrease in 8-meter walking time at both normal and brisk 

walking speeds was significantly related to the decrease in the percentage of fat in total, arm, leg 

and android regions. The change in walking time at brisk walking speed was significantly related 

to the decrease in the percentage of fat in the gynoid region, too.  

Overall, the changes in weight and percentage of fat in various regions would be a better 

explanation for the change in physical performance measures over time, compared to the change 

in lean mass or BMD. 
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Table 6 Changes in physical performance measures during 6- and 12-month weight loss 

Variables Handgrip 

Strength 

(kg) 

One leg stance 

(Dominant) 

One leg stance 

(Non-dominant) 

Timed get-up 

and go (s) 

Normal walking Brisk walking 
Chair stand 

(n) Time (s) Steps (n) Time (s) Steps (n) 

Es
tim

at
e 

(β
) f

or
 c

ha
ng

es
 o

ve
r t

im
e 

Weight (kg) 0.1246 -0.0115** -0.0126** 0.0098 0.0079 -0.0022 0.0046 -0.0030 -0.1029** 

Arms lean mass (g) 0.0017 -0.0001 -0.0001* 0.0001 0.00003 -0.0001* -4.99X10-7 -0.0001 -0.0002 

Arms fat (%) -0.5218** -0.0142* -0.0109 0.0405** 0.0389** 0.0409* 0.0345** 0.0419* -0.1758** 

Legs lean mass (g) 0.0013* -0.0001* -0.0001** -0.00003 -0.00003 -0.0002* -0.00004 -0.0002* -0.0004 

Legs fat (%) -0.3680* -0.0149** -0.0144* 0.0406** 0.0243* 0.0364 0.0246** 0.0407* -0.1780** 

Android fat (%) -0.1036 -0.0117** -0.0143** 0.0293** 0.0181* 0.0151 0.0192** 0.0189 -0.1417** 

Gynoid fat (%) -0.2572 -0.0129* -0.0166** 0.0407** 0.0187 0.0247 0.0215* 0.0318 -0.1878** 

Total lean mass (g) 0.0008** -0.00002** -0.00003** -0.00002 -8.8X10-6 -0.00005 -0.00002 -0.0001* -0.0002* 

Total fat (%) -0.2816 -0.0208** -0.0205** 0.0470** 0.0357** 0.0363 0.0343** 0.0392* -0.2181** 

Total BMD (g/cm2) 3.1563 -0.1423 -0.6860 0.9082 -0.4336 -0.1722 -0.7112 -0.4806 -2.1115 

Spine (L1-L4) BMD (g/cm2) -1.2937 0.0782 -0.1036 0.8027 -1.0095 -2.1381* -0.6071 -1.2420 0.4869 

Total femur BMD (g/cm2) 4.2819 -0.0759 -0.1902 0.4011 0.1292 -0.0942 0.0364 -0.1924 -0.1413 

 Femoral neck BMD (g/cm2) 5.2442 0.0170 -0.1061 0.1730 -0.0584 -0.3857 -0.1143 -0.3237 -0.6447 

Forearm BMD (g/cm2) 28.656 -0.7406 -1.5334 3.4140* 1.0740 1.9800 0.7888 1.9975 -0.8834 

 Radius 33% BMD (g/cm2) 23.704 -0.4590 -0.3957 2.6006* 1.4009 2.5445 1.3721 1.4886 -3.2814 

 Ultradistal radius BMD (g/cm2) 22.752 -0.6324 -0.9035 2.9871 2.1781 2.8225 1.9240 3.1635 -10.010 

The number represents the number of participants within each group who were able to stand for one leg for minimum of 30 seconds. * p<0.05; **p<0.01 
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CHAPTER V 

DISCUSSION 

The primary purpose of this study was to examine the changes in physical performance of 

overweight/obese postmenopausal women during a 12-month weight reduction program. 

Additionally, this study explored the relationships between the changes in weight and body 

composition/BMD and the changes in physical performance during the weight loss intervention. 

 

The relationship between physical performance measures and body 

composition/BMD at baseline 

Research on the relationship between BMD/body composition and physical performance 

is mostly based on older adults and has inconsistently found that lean mass is positively related 

to physical performance (Shin et al. 2011). In the case of postmenopausal women, the amount of 

body fat and its distribution changes with menopausal transition and risk of osteoporosis is 

increased due to loss of bone and lean mass (Wing et al. 1991). Nevertheless, preserving 

BMD/lean mass and reducing excessive fat mass would be beneficial in maintaining physical 

performance, which may help reduce the risks of functional disability in later life (Guralnik et al. 

1994; Reid et al. 2008). However, little attention has been paid to examining the association 

between the changes of physical performance with the changes in body composition with weight 

loss intervention.  

The relationship with fat and lean mass 

In this study, the relationship between physical performance measures and body 

composition/BMD at baseline indicated that the percentage of fat mass had a negative 

relationship with the physical performance measures. This finding is consistent with the study by 

Lebrun et al., (2006), which noted that fat mass was a major negative determinant of physical 

function in postmenopausal women aged 66 years. Although many studies have used BMI as a 

surrogate for body fat and have found stronger correlations between high body fat and poor 

physical performance, the present study used iDXA to analyze body fat and confirmed these 

findings with similar results when controlling for possible confounders including age, height, 
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calcium intake, serum 25OHD, physical activity and smoking status. In addition, the most recent 

study examined NHANES data with adults aged 55 years or more including body composition, 

muscle strength and muscle quality and indicated that fat mass and muscle strength are 

independent factors which predict physical function, further supporting the results of the present 

study (Bouchard et al. 2011). 

The relationship between body composition and physical performance was often site-

specific in this study, as it has been in other studies (Taaffe et al. 2001; Estrada et al. 2007; Lee 

et al. 2007). Body composition of the upper extremities was significantly related to physical 

performance measures with the corresponding body parts, upper extremities, and this same 

relationship was observed with lower extremities. For example, the lean mass of arms and radius 

33% BMD, after controlling for age was positively correlated with handgrip strength. In addition, 

the performance on the timed get-up-and-go test (TGUG) and one-leg stance for 30 seconds 

(OLS), which use lower extremities were also related to the percent of fat in the legs (R2=0.18, 

p<0.05; OR=0.799 on dominant side) after controlling for age, height, calcium intake, serum 

25OHD, physical activity and smoking status. In the multiple regression model controlling for 

the above covariates, other test items using the lower extremities, such as walking speed and 

chair sit-to-stand (STS) also had a significant negative relationship with the percentage of fat in 

the legs (R2=0.13, p<0.05) as well as with the percentage of fat in the arms (R2=0.16~0.17, 

p<0.01) and total fat (R2=0.15~0.23, p<0.01).  

Interestingly, lean mass was not a significant explanatory factor for physical performance 

measures except for a handgrip strength, which measures muscle strength. Gender may be a key 

variable to explain this result as other studies suggested. Studies have suggested that women, not 

men, show a stronger negative relationship between fat mass and physical performance, as 

opposed to lean mass and physical performance (Taaffe et al. 2001; Valentine et al. 2009). Since 

this study only included female participants, fat mass was the major explanatory factor for 

physical performance, which is consistent with the gender difference findings noted in other 

studies (Taaffe et al. 2001; Valentine et al. 2009). 

The relationship with BMD 

In this study, the BMD in each measured skeletal sites was not significantly correlated 

with physical performance except with handgrip strength (discussed in the following section). 

Most studies investigate the relationship between BMD and physical performance based on the 
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evidences that a lower BMD might be detrimental when one falls, yet higher BMD have a 

positive effect on physical performance and lowering the risk of falling.  This study, however, 

only included subjects whose BMD was within the normal range without any clinical symptoms 

of osteoporosis or osteopenia. In addition, since this study only included overweight or obese 

early postmenopausal women, little variance on BMD among the participants was observed. 

Thus, it is postulated that the between-subject (participant) variability was too small to detect the 

incremental changes to draw any significant relationship. There was no significant relationship 

observed between physical performance and BMD. Therefore, our hypothesis on the presence of 

the relationship between BMD and physical performance was not supported in this study.  

Some of the physical performance measures, such as OLS, might reach a “ceiling effect.” 

In other words, most participants were actually able to perform OLS for 30 seconds for both legs, 

which resulted in the fact that the variability among the participants was not captured with the 

test items. In addition, the test items were selected from the senior fitness test (Rikli 2000), even 

though the average age of participants in this study was younger than 60 years. However, some 

of the physical performance items on the test, such as handgrip strength and walking speed have 

been used in different age-grouped populations (Rikli 2000). Overall, this study did not show a 

significant relationship between physical performance measures and BMD in overweight/obese 

postmenopausal women. 

Handgrip strength as a muscle strength measure 

While handgrip strength is one of several strength measure tests and is widely used as a 

good predictor for mortality and one‟s overall health, most studies that have examined the 

relationship between handgrip strength and BMD/body composition concluded that the 

relationship was significantly positive and often site specific with forearm BMD or appendicular 

muscle/fat mass. This study concurred with these studies in that handgrip strength showed a 

positive correlation with total and appendicular lean mass when controlling for age. It also 

indicated a significant correlation with BMD in the forearm region of the midradius (33%) as 

other studies in postmenopausal women have shown (Bevier et al. 1989; Lindsey et al. 2005). 

Although the significance disappeared after controlling for other confounding covariates, the 

change in handgrip strength over time could be explained by the decrease in the percentages of 

fat in the arm and leg regions and an increase in the total lean mass over time. Other studies have 

noted that the handgrip strength is a robust predictor of many health outcomes including 
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mortality, disability and morbidity and length of stay in the elderly (Bohannon 2008). Gale and 

colleagues (2007) examined grip strength among the older adults in the United Kingdom and 

concluded that it could be a long-term predictor of mortality in men, not women, independent 

from the lean mass or the percentage of body fat. This study also supports the fact that handgrip 

strength is a good predictor of changes in body composition, which could be related to other risk 

factors among a relatively healthy and younger population. 

 

The relationship between the changes in body composition/BMD and the changes in 

physical performance during a 12-month weight loss intervention 

Overall, the weight loss achieved by participants was less than 5% during the 12-month 

intervention. Percentage of fat, however, in the arms, legs, android and gynoid regions was 

significantly decreased. The most weight loss occurred during the first 6 month of intervention. 

A slight increase in weight was observed at 12 months, but this was not significant. The 

distribution of body composition also changed during the 12-month intervention period. Most 

body fat and lean mass was lost during the first 6 months, but then slightly returned although this 

was not significant when compared to the baseline measurements. 

 Although calcium and vitamin D intake levels were increased after 6 months and 

maintained at month 12, femur and forearm BMD significantly decreased with weight loss. In 

addition, some of the test items of physical performance measures, including walking speed at 

normal pace and timed chair sit-to-stand (STS) significantly improved over time.  

As anticipated, the mixed linear regression model showed that the changes in the 

percentage of fat in the legs was related to the physical performance measures using the lower 

extremities, such as one leg stance (OLS), timed get-up and go (TGUG), walking speed and chair 

sit-to-stand (STS) tests. Since handgrip strength uses upper extremities and is a good measure of 

muscle strength, a decrease in the percentage of fat in the arms as well as an increase in lean 

mass, were significant predictors of an increase in handgrip strength.  

With an increased interest in abdominal or central obesity as one of the risk factors for 

morbidity, mortality and functional limitations, several cross-sectional studies have found an 

inverse association between abdominal fat and functional limitations. A study with a population 

based cohort of 2,325 community-dwelling older adults indicated that abdominal obesity 
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measured by waist circumference (WC) in older adults predicted self-reported mobility as well 

as agility disability (Guallar-Castillon et al. 2007). In another study with 9,416 men and women 

aged 53.6 years over approximately 9 years of follow up period, the abdominal obesity was also 

seen to predict the functional limitation in late adulthood (Houston et al. 2005). Abdominal 

obesity was assessed by waist circumference and waist-to-hip ratio (WHR) and functional 

limitation was measured by self-reported functional limitation, ADL and IADL. Depending on 

the gender and race, one standard increment in WC or WHR increased the likelihood of severe 

functional limitations and ADL and IADL impairments by 1.41~2.66 times. In our study, the 

abdominal fat was more precisely estimated by iDXA and the percentage of fat in the android 

region was negatively correlated to most physical performance measures, especially the 

measures using the lower extremities, which are critical for the maintenance of mobility in later 

life. In addition, this study also confirms our result that a decrease in the percentage of android 

fat is related to the improvement in physical performance except handgrip strength. 

Although BMD in several skeletal sites including the femur and forearm regions were 

significantly decreased over time, especially at month 12, the changes in BMD were not 

associated with the changes in physical performance overall, after controlling for height, calcium 

intake, serum 25OHD concentration, physical activity and smoking status. Considering that there 

was no correlation between BMD in various skeletal sites and physical performance at baseline, 

this might be attributed the participants in this study being overweight or obese and non-

osteoporotic women, meaning that BMD had little variability between the participants. The 

results of one weight loss study in obese premenopausal women showed that the amount of 

weight reduction and maintenance during 3 and 9 months was not associated with bone mass 

(Uusi-Rasi et al. 2010). The authors explained that adequate calcium intake might help maintain 

bone tissue during the weight reduction. In addition, reduced mechanical load due to weight loss 

might lead to bone loss, however, similar to our result, the changes in BMD due to weight loss in 

this study was observed in a non-weight bearing radius, rather than other weight bearing skeletal 

sites of BMD. Instead, the authors postulated that bone loss after weight reduction might be 

related to muscle mass, which compensates for the impact of mechanical loading to bone. 

Overall, the percentage of fat and its change with weight loss are the significant 

predictors of physical performance and its change in overweight/obese postmenopausal women. 

Poorer physical performance can be combined with low BMD, which can increase the risk of 
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falls, especially among postmenopausal women, and other functional limitations possibly coming 

in later life (Cummings et al. 1995; Schott et al. 1998). As obese women and elder persons are 

more likely to report functional limitations than men based on the analyses of NHANES III 

(Davison et al. 2002), even moderate weight loss for the middle aged overweight/obese 

postmenopausal women would be beneficial to improving physical performance.  

 

Other factors affecting physical performance 

Several studies suggested that serum 25OHD might be associated with physical 

performance (Chung ; Janssen et al. 2002; Pfeifer et al. 2002; Kenny et al. 2003; Latham et al. 

2003; Bunout et al. 2006; Houston et al. 2007; Chung et al. 2009). Most of the participants in this 

study were middle-class Caucasian women with high accessibility to an outdoor, sunny 

environment in Florida. Therefore, despite the lower level of dietary and supplemental vitamin D 

intakes at the baseline, there were no significant changes in serum 25OHD concentration over 

time and the serum 25OHD concentration on average was adequate to preserve overall health 

according to the IOM statement (IOM 2010). Studies indicate that low levels of 25OHD are a 

detrimental factor for physical performance. However, more studies are needed to discover the 

dose-response relationship to higher levels of 25OHD and its possible effects on physical 

performance. 

 

Limitations 

The following limitations are applied to this study: 

1. The percentage of weight loss during the 12-month weight reduction program might 

not have been high enough to show a significant effect on physical performance 

changes. Although in our study small amount of weight loss did result in the 

improvement in some of the physical performance measures, it might have not been 

enough to cause more substantial changes in all physical performance outcomes. 

2. Since only postmenopausal Caucasian women were included in this study, the results 

cannot be generalized to other populations, age or ethnic groups of women or men.  

3. This study did not include normal weight postmenopausal women. 
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4. This study did not include any analysis on muscle quality in terms of fat infiltration, 

which requires a CT scan for assessment. Likewise, the lean mass was used as a 

proxy for muscle (Kim et al. 2004). 

5. As one of the main problems for weight loss studies, this study also had 43% of 

attrition rate.  

 

Summary  

In conclusion, this study showed a negative relationship between fat mass and physical 

performance, especially in the lower extremities, which are crucial for mobility. While decreases 

in BMD and lean mass during the weight loss intervention were observed, these changes did not 

affect the physical performance and physical performance was improved over time with a 

modest weight loss. 

The relationship between physical performance measures and body composition/BMD at 

baseline  

This study supports research which indicates that fat mass is a major determinant of 

physical performance among overweight/obese postmenopausal women. BMD was not a 

significant factor for physical performance except for the handgrip strength. Handgrip strength, 

as a muscle strength measure, had significant correlations with BMD and lean mass, especially 

the forearm region. In addition, the relationship was site specific in that the body composition of 

lower extremity was related to the physical performance using lower extremities such as walking 

and one leg stance. Therefore, the results from this study support our hypothesis in that fat mass 

showed a (site specific) relationship with physical performance. 

The relationship between the changes in body composition/BMD and the changes in 

physical performance during weight loss  

Participants significantly lost their weight during the 12 month intervention period with 

loss of fat, lean mass and BMD and indicated improvement in several physical performance 

items. In agreement with the results from the baseline cross-sectional data, the changes in body 

fat were the most significant predictors of changes in physical performance during the 

intervention and these relationships were also site specific. . 
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Overall, the results from this study supported the hypothesis that the body fat (%) was the 

most significant predictor for the physical performance in overweight/obese postmenopausal 

women. Lean mass was significantly related to muscle strength measured by handgrip strength. 

Bone mineral density was not a significant factor for physical performance in this study cohort. 

Finally, even moderate weight loss would be beneficial to improve the physical performance in 

overweight/obese postmenopausal women.  

 

Future Research 

In the present study, only body composition measured by iDXA was included, despite 

research findings supporting the association between muscle fat infiltration, especially the lower 

extremities, and its relationship with mobility among physical performance. Further investigation 

on muscle fat infiltration or any types of quantitative measures of muscle quality and its change 

with weight loss may be beneficial for better understanding of the effect of weight loss on 

improvement in physical performance, especially in obese individuals.  
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APPENDIX A 

HUMAN SUBJECTS APPROVAL INFORMED CONSENT 
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Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673, FAX (850) 644-4392 

 

APPROVAL MEMORANDUM 

Date: 12/16/2010 

To: Hyehyung Shin  

 

Address: 1493 

Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES 

 

From: Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research 

The Effect of 6- and 12-Month Weight Loss with Calcium on Physical Functionality, Body 

Composition and Bone Mineral Density in Postmenopausal Women 

 

The application that you submitted to this office in regard to the use of human subjects in the 

proposal referenced above have been reviewed by the Secretary, the Chair, and two members of 

the Human Subjects Committee. Your project is determined to be Expedited per 45 CFR § 

46.110(7) and has been approved by an expedited review process. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 

weigh the risk to the human participants and the aspects of the proposal related to potential risk 

and benefit. This approval does not replace any departmental or other approvals, which may be 

required. 

 

If you submitted a proposed consent form with your application, the approved stamped consent 

form is attached to this approval notice. Only the stamped version of the consent form may be 

used in recruiting research subjects. 
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If the project has not been completed by 12/15/2011 you must request a renewal of approval for 

continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 

expiration date; however, it is your responsibility as the Principal Investigator to timely request 

renewal of your approval from the Committee. 

 

You are advised that any change in protocol for this project must be reviewed and approved by 

the Committee prior to implementation of the proposed change in the protocol. A protocol 

change/amendment form is required to be submitted for approval by the Committee. In addition, 

federal regulations require that the Principal Investigator promptly report, in writing any 

unanticipated problems or adverse events involving risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor is 

reminded that he/she is responsible for being informed concerning research projects involving 

human subjects in the department, and should review protocols as often as needed to insure that 

the project is being conducted in compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The 

Assurance Number is IRB00000446. 

 

Cc: Jasminka Ilich, Advisor  

HSC No. 2010.5461 
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Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673, FAX (850) 644-4392 

 

APPROVAL MEMORANDUM (for change in research protocol) 

 

Date: 1/25/2011 

To: Hyehyung Shin  

 

Address: 1493 

Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES 

 

From: Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research (Approval for Change in Protocol) 

Project entitled: Physical Performance during 6 and 12 month weight loss in postmenopausal 

women: relationship with body composition and bone mineral density 

 

The form that you submitted to this office in regard to the requested change/amendment to your 

research protocol for the above-referenced project has been reviewed and approved. 

 

Please be reminded that if the project has not been completed by 12/15/2011, you must request 

renewed approval for continuation of the project. 

 

By copy of this memorandum, the chairman of your department and/or your major professor is 

reminded that he/she is responsible for being informed concerning research projects involving 

human subjects in the department, and should review protocols as often as needed to insure that 

the project is being conducted in compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The 
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Assurance Number is IRB00000446. 

 

Cc: Jasminka Ilich, Advisor  

HSC No. 2011.5787 
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CONSENT FORM FOR PARTICIPATION IN A RESEARCH PROJECT 
Florida State University  

PI Name:  Jasminka Ilich-Ernst, PhD. RD 

Study Title:  Weight reduction with calcium in postmenopausal women 
Invitation to Participate  
 You are invited to participate in a clinical research study that will last 18 months and 
evaluate protocols for weight reduction in overweight postmenopausal women  
Purpose 
 The purpose of the study is to evaluate methods for weight reduction with calcium. The 
protocols will have diet modification in terms of reduced energy and increased calcium intake. 
The participants will be randomly divided into three groups. In one group, the source of calcium 
will be low-fat dairy products and other calcium-rich foods, to the amount of about 1500 mg/day 
(slightly above current recommendation of 1200 mg/day). The other two groups will receive 
either calcium supplements (to reach the same level of calcium) or placebo (pills without 
calcium). All groups will receive instructions for energy restricted diet in order to achieve weight 
loss. 
Description of Procedures 
 The study will last 18 months – 12 months of intervention and 6 months of follow up. Six 
months after your completion of the intervention (first 12 months), you will be asked to come for 
one more follow-up evaluation. You will be randomly (“by chance”) assigned into one of the groups. 
You will be given instructions to change your diet and reduce energy intake for 1 year. If you are 
in one of the “Calcium” groups, you will also increase your calcium intake to about 1500 mg/day 
(the amount contained in 5 cups of milk) by food intake, or you will be given calcium 
supplements by researchers to achieve 1500 mg/day.  

At the beginning of the study, you will complete questionnaires about your socioeconomic 
status, living conditions, occupational history, and education, past and present medical history 
and medication use, pregnancy, lactation, and menstrual history.  You will also describe your 
alcohol and caffeine consumption, as well as smoking habits and history. You will complete 
these questionnaires only once. 
 You will complete 3-day dietary records, by providing information what, how often and 
how much food you eat. You will also complete a questionnaire about your physical activity 
level. The diet and activity information will be collected 6 times: at the beginning of the study, 
and at 3, 6, 9, and 12 months, as well as at 6 months follow-up, after the termination of the 
intervention (18 months). 
 The behavioral modification will be modeled on standard multimodal approaches such as 
LEARN, a trademark for the domains including Lifestyle, Exercise, Attitude, Relationships will 
be utilized to teach you how to use coping skills toward the adherence to dietary protocols and 
weight reduction. The behavioral psychologist will meet with you every 1-2 weeks during the 
first three months and then at 3, 6, 9, and 12 months, as well as 6 months after the termination of 
the intervention. 

Measurement of height, weight, hip and waist circumference, and blood pressure will be 
taken at the beginning and every two weeks in the first 3 months (run-in period) of the study. 
After that the measurements will be taken at 3 months intervals (6, 9, and 12 months), as well as 
6 months after the termination of the intervention (18 months).  
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 In addition, the following measurements will be taken at the beginning and at 6, and 12 
months, as well as 6 months after the termination of the intervention (18 months): 

 Bone mineral density and body composition by DXA (dual energy X-ray absorptiometry).  

 24-hr urine collection and  

 approximately 2 table spoons of blood, drawn from the arm vein,  
All measurements and blood draw will be conducted by trained study personnel.  
 
The total amount of time committed to the study will be:  
 

1. Initial visit (1 hour) and subsequently, every 2 weeks in the first 3 months, for height, 
weight, hip and waist circumference, dietary and activity records  

2. Blood draw, bone densitometry (1 hour) at baseline, 6, 12, and 18 months. 
 

Below is the time table illustrating all the specifics of data collection: 
 
MONTHS 0 3 6 9 12 18 

Anthropometry/blood pressure x x x x x x 

Dietary/Activity assessment x x x x x x 

Behavioral modification x x x x x x 

Life-style Surveys x      

Bone mass measurements x  x  x x 

Blood draw x  x  x x 

24-h urine collection x  x  x x 

 
Risks and Inconveniences 

There are no known risks associated with the diet intervention. There is a small risk with 
taking the blood samples. You may feel a discomfort as the needle goes through the skin.  
There may be some bruising at the site where the blood is drawn.  There is also the possibility 
of risk of infection due to breakage of the skin. To minimize this risk and discomfort, a trained 
individual will draw blood. 

The Dual X-Ray Absorptiometry (DXA) will expose you to a small amount of radiation.  
Any amount of radiation, no matter how low, may cause abnormal changes in the cells.  
However, the body continuously repairs these changes and the amount of radiation is very low in 
this study. The amount of radiation received at each visit is comparable to the amount which is 
received from the cosmic radiation while flying in the airplane (for example from New York to 
San Francisco). The radiation received annually or over the duration of the study will be minimal 
and about 8% of the maximal allowed environmental dose for one year.  
Benefits 
 There will be several benefits to the participants of the study: 

 Individualized diet information and weight reduction (for intervention groups). 

 Individualized bone mineral density and body composition assessment 

 The major findings of this study and what would be the dietary recommendations based 
on these findings to preserve bone and muscle mass during dieting. 

 
 
Economic Considerations 
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 There will be no charge for participation in the study. You will receive the monetary 
award of up to $120. 

 
Confidentiality 
 All information about you and your participation in this study will be confidential to the 
extent allowed by law and your file will be kept private in the locked file cabinets for the next 10 
years, in the space designated by College, after which time the files will be destroyed. We will 
use a code number to refer to the participants and the names will not appear in any publication. 
The linkage to the codes will be destroyed as soon as all data are analyzed and reports to the finding 
agency submitted. 
 
In Case of Injury 
 In case of an injury, first aid will be provided by the laboratory personnel working on the 
research project. Any other treatment or care will be provided at your expense.   
 

Voluntary Participation 
You do not have to be in this study if you do not want to. If you agree to be in the study, but 

later change your mind, you may drop out at any time without penalty or loss of any benefits to 
which you are otherwise entitled. 

 
Questions 

Take as long as you like before you make a decision. We will answer any questions you 
have about this study. If you have further questions about this project or if you have a research-
related problem, you may contact the principal investigator, (Jasminka Ilich-Ernst, 850-645-
7177). If you have any questions concerning your rights as a research subject, you may contact 
the chair of the Human Subjects committee, Institutional Review Board, through the Office of 
the Vice President for Research, at (850) 644-8633. An IRB is a group of people that reviews 
research studies and protects the rights of individuals involved in research. 

 
Authorization: 
 
I have read this form and decided that I, _________________________________ will  

(type name of subject) 
participate in the project described above.  Its general purposes, the particulars of 
involvement and possible hazards and inconveniences have been explained to my 
satisfaction. I understand that I may withdraw my consent and discontinue participation at 
any time without penalty or loss of benefits to which I may otherwise be entitled.  In 
signing this consent form, I am not waiving my legal claims, rights or remedies.  My 
signature also indicates that I have received a copy of this consent form. 
 
Signature: __________________________________ Date:______________________ 
  
Signature of PI or Person Obtaining Consent   Phone: ____________________ 
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APPENDIX B 

PARTICIPANTS RECRUITMENT FLYER 
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WEIGHT  LOSS  STUDY 

You may be eligible if you are: 

 CAUCASIAN FEMALE 2-10 YEARS POST-MENOPAUSE  

 FREE OF CHRONIC DISEASES LIKE:  

o hypertension, cancer, kidney, or liver disease 

 NOT CURRENTLY OR WITHIN LAST 3 MONTHS TAKING: 

o Estrogen, fosamax, steroids, or other drugs affecting 
bone 

 NOT CURRENTLY OR WITHIN LAST 3 MONTHS: 

o Participating in weight reduction regimens 
o Taking medications for weight loss 

 ABLE TO PARTICIPATE IN A 1.5 YEAR STUDY, WITH 6-
10 VISITS TO THE FLORIDA STATE UNIVERSITY CAMPUS  

 

BENEFITS: 

 MONETARY COMPENSATION UP TO $120 

 FREE CALCIUM AND VITAMIN D SUPPLEMENTS 

 FREE NUTRITIONAL AND BEHAVIORAL 
COUNSELING 

 FREE BODY COMPOSITION ASSESSMENT 

 FREE PARKING AVAILABLE 

  
FOR MORE INFORMATION OR TO SIGN UP PLEASE CALL: 

1-866-282-1283  
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APPENDIX C 

TELEPHONE SCREENING 
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MUST BE CAUCASIAN,  Smoking: _______WT loss med _____ Thyroidism  

(OK if ≤1pack/day)  Depression    

  

Date:               Tel.      

      Alternate.______________________ 

Name:                        

Address:            

 

Date of Birth:               LMP:      

     Must be 2-10years POSTMENOPAUSAL 

Weight:           lbs Height: feet      inch   BMI: Cut-offs <25 kg/m2    

 (Lbs*703/inch2) 

          Yes       No  

1) Do you have high blood pressure?      X  

2) Do you have severe osteoporosis?      X  

3) Do you have diabetes or use insulin?      X  

4) Have you ever had cancer (OK, if cancer-free for 3 years)        

5) Are you taking hormone replacement therapy 

    or other postmenopausal drugs (OK, if free for 3 mos. and 

    not planning to resume)        

6) Have you taken corticosteroids in the last 3 months?        

7) Are you presently taking diuretics?        

8) Do you have any food allergies?         

9) Are you Lactose intolerant or have any problems                                 

    Digesting milk products?                                           

10) Are you taking any medications?        
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Please list any medications you are taking and bring them with you at the appointment 

      

  

  Yes       No  

11) Are you taking any supplements?        

Please list any supplements you are taking and bring them with you at the appointment 

     

  

 

ESTIMATE OF DAILY DIETARY CALCIUM INTAKE 

Are you taking Ca/Vitamin D supplements? ________________________ 

What kind and how often? ________________________________________ 

Products No. of servings   Total  

servings 

Calcium content 

(mg) 

Calcium (mg) 

 Per day OR       Per week                 

Milk (8oz)           

Yogurt (8oz)          

Cheese (1oz)          

   Total Dairy Calcium  

      +250 

   Total Calcium (mg)  

 

 / 7= 

 / 7= 

 / 7= 

X    300   

X    400   

X    200   
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Note: ALL SUBJECTS MUST HAVE CALCIUM INTAKE BELOW 800 mg/day in order to be 

recruited into the study. If their Ca intake is >800 mg/day, they should be asked to reduce it for 

about 3 months and then screened again 

 

1. If calcium intake is lower than 800 mg/day, subject can be recruited into calcium 
supplement group. 

 

2. If calcium intake is above 1000 mg/day, subject can be recruited into dairy group, but she 
need to reduce calcium intake for 3 month before the study begins.  

 

Self Assessment 

Compared to other people of your age would you describe yourself as  

       Code to enter in computer 

 Very physically active     4 

 Fairly physically active    3 

 Not very physically active    2 

 Not at all physically active    1 

 

 

Comments/remarks : 

 

 

 

 

Email address :         

 

 

Participant Qualifies                                                         

 

Pending Qualification                                                         
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APPENDIX D 

ANTHROPOMETRIC DATA  
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Anthropometric Data           

 ID:__________ 

Date WT 

(kg) 

HT 

(cm) 

Waist 

(cm) 

Abd 

(cm) 

Hip 

(cm) 

BP 1/ 

HR 1 

BP 2/ 

HR 2 

BP 3/ 

HR 3 

BP Ave 

HR Ave 

Baseline          

Meeting 1          

Meeting 2 

 

         

Meeting 3  

 

         

Meeting 4 

 

         

Meeting 5 

 

         

Meeting 6 

 

         

3-month 

 

         

6-month 

 

         

12-month 

 

         

18-month 
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APPENDIX E  

ALLIED DUNBAR PHYSICAL ACTIVITY SURVEY FORM 
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FSU Weight Loss Study   ID       Date:   

Survey of Activity  

 
How many minutes on average during a day, week or month do you spend doing the 

following: 

Housework 

Type of Housework Minutes/day Minutes/week Minutes/month 

Vacuuming    

Scrubbing floors by hand    

Walking with heavy loads of groceries    

Spring cleaning (moving furniture, 

washing windows or walls) 

   

Wet Mopping    

Gardening 

Type of Gardening Minutes/day Minutes/week Minutes/month 

Mowing the lawn    

Digging, moving earth    

Trimming hedges    

Raking leaves    

Weeding, hoeing, pruning, picking    

Planting flowers, seeds    

Chopping wood    

Shoveling snow    

Do it Your Self Activities 

Type of DIY activity Minutes/day Minutes/week Minutes/month 

Car cleaning    

Painting    

Wallpapering    

Furniture repair    
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Walking  

Type of Walking Number of times per 

week or month 

How long do you 

walk for? (time) 

Fast Pace   

Brisk   

Steady Average   

Slow   

 

What is your usual walking pace? (Slow, Average, Brisk or Fast)  

 

 

 

Stair climbing 

About how many flights of stairs do you climb at home on average per day (NOT counting going 

down) (DO NOT count steps to enter house or garage)? ________ 

 

How many steps are in your stairs? ____________ 

 

About how many flights of stairs do you climb elsewhere during the week? ______________ 
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FSU      ID:   

 

Weight Loss Study    Date:     

 

Type of Exercise Number 
of times/ 
day 

Number 
of times/ 
week 

Number 
of times / 
month  

Number of 
minutes 
each time 

Do you get out 
of breath or 
sweaty? 

Aerobics (high impact)      

Aerobics (low impact)      

Aqua aerobics      

Bowling      

Canoeing      

Cycling      

Dancing for Fitness      

Elliptical      

Exercises (leg lifts, sit-ups, 
crunches) 

     

Golf      

Hand wts (10lb)      

Hand wts (2lb)      

Hand wts (5lb)      

Hiking      

Ice Skating      

Jogging      

Running      

Sailing      

Skiing      

Social Dancing      

Step machine      

Stretching      

Swimming      

Table Tennis      

Tai Chi      

Tennis      

Therabands      

Tread mill (mph)      

Volleyball      

Yoga      

 

 



 

 

 

76 
 

APPENDIX F 

3 DAYS OF DIETARY RECORD 

  



 

 

 

77 
 

FSU 

Weight Loss Study 

        

 

 

Choose three typical days (2 weekdays and 1 weekend day)-NOT necessarily consecutive. 

Try to eat the way you usually do while you are keeping the food record. Please follow the 

instructions below as carefully as you can.  

If you have questions, please call: 1-866-282-1283 

 

INSTRUCTIONS FOR COMPLETING THE FOOD RECORD: 

1. Record all the food you eat or drink for each day you select. Most people find it 
helpful to do this as soon after the meal or snack as they can. 

2. Write only 1 food item on a line. 

Describe the type of food eaten as clearly as you can. Use the samples provided on page 3 as a 

guide. 

 List ingredients to help describe any unusual casserole or salad. 

 Indicate whether the food is canned fresh, frozen or diet. 

 List the brand manes of foods if you know them. 

3. Describe the mounts food you eat and drink as clearly as you can. Use the following 
examples as a guide. 

 Liquid- List as *cup, parts of cups, or fluid ounces-1cup = 8oz 

 Meat, fish, cheese, egg- List in ounces, by number, or size. Specify if the amount  given 

is in cooked or raw weight. 

    Example: Chicken drumstick  Baked, no skin  1 medium 

         Lean ground beef patty  Broiled   ¼ lb, raw 

         Cheddar cheese   Kraft   1 slice 

(4”X3X1/8”) 
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 Fruits-List as *cup, parts of cups, or by number--1cup = 8oz. Include the size 

(diameter and/or length) of fresh fruits. 

    Example: Banana    1 small (6 in. long) 

 

 Vegetables- List as *cup, parts of cups, or by number. 1cup = 8oz 

  

    Example: Green bens   DelMonte  ½ cup 

*cup is equal to 8 ounces 

 Bread, Rolls, Crackers -- List by number or size. 

    Example: Whole whet bread   Ovenjoy  1 slice 

         Triscuits    Nabisco  4 

 

 Cereal, Rice, Noodles, Potato- List by cups, parts of cups, size or number. 1cup = 

8oz 

    Example: Spaghetti    Cooked  1 cup 

 Pancakes, Waffles- List by number or size. 

    Example: Betty Crocker       

          Buttermilk Mix     2 (5” diameter) 

 

Fats: 

 Margarine, butter-- List by teaspoons, tablespoons, or pats. 

 Salad dressing, cream, cooking oil, gravy -- List by teaspoons, tablespoons, or  pats. 

 

 Bacon, sausage-- list by number of slices or links. 

 

Sweet: 

 Jam, jelly, honey, sugar, syrup- list by teaspoons, tablespoons. 

 Candy- list number and size of bar or pieces. 
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Desserts: 

 Jell-O, puddings, ice cream- List as cups or parts of cups. 

 Cookies- list by number and size. 

 Pie, cake- list by number and size (length and width at longest end). 

    Example: Cookie, choc. Chip  Mrs. Fields  1 (2 ½” diam.) 

          Strawberry ice cream cone Hagen Daze  1 scoop, sugar cone 

          Chocolate cake with        

        chocolate icing    Homemade  1/10 of 9 

“layer cake 

 

4. Describe how the food was prepared. For example: baked, broiled, fired, rw, scrambled 
or other. Include butter, margarine, oil, sauces, dressings, gravies, dessert topping added 
in cooking or at the table. 

 

5. Eating out: Give the name of the restaurant so that we may call for more information if 
necessary. Describe the food items eaten as carefully as you can. 

 

Example: Pizza Hut Pizza,   Sausage & cheese,  1 slice of medium 

4”X6”     

     McDonald‟s   Quarterpounder with cheese. 

 

6. Remember to list everything you eat or drink including gum, cough drops, pickles, 
catsup, and tartar sauce. 

 

7. If you take a vitamin-mineral supplement please write down how much you take and 
the brand name ( or bring the package label with you to your appointment), 
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SAMPLE OF FOOD RECORD 

DATE KIND OF FOOD HOW PREPARED OR BRAND NAME AMOUNT OR SIZE OF SERVING 

7: 30 a.m. Cheerios Kelloggs 1 cup 
 2% milk Lucerne 12ounce 
 Banaba  ½ small 
    
12:00 p.m. Turkey Sandwich   
 Bread Orowhet, Wheatbeery 2 slices 
 Turkey Breast Hormel 3 slices 
 Diet Mayonnaise Kraft 1 tbsp 
 Lettuce  1 leaf 
 Tomato  2 slices 
    
 Fruit roll Grape flavor 1 ounce (wrapper provided) 
 Apple juice  1box (       oz) 
    
3:45 p.m. String cheese Lucerne 1 ½ ounce 
 Tab  12 ounces 
 Corn chips Frito-Lay 1 pkg. (1 ½ oz) 
    
6:30p.m. Spaghetti Mom‟s 1 cup (cooked) 
 Tomato meat sauce  ¾ cup 
 String beans Standby 1/3 cup 
 Lettuce Iceberg 1 cup 
 Tomato  ½ small 
 French dressing Kraft diet 1 tbsp 
 2% Milk Lucerne 1 cup 
    
8: 30 p.m. Ice cream Lucerne, Strawberry ½ cup 
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Daily Food Record: ID:_____________ Visit: BL     3 6     12      18 Date: _________ (weekday/weekend) 

Directions:  This is a DAILY food record.  Please indicate the day/time of eating, the kind of food and how it was prepared, 

serving size, and ANY AND ALL FEELINGS YOU EXPERIENCED AT THE TIME OF EATING.  For example, you might 

record “bored,” “hurried,” or “upset.”  If you were at a social event, please record that under the feelings column and indicate any 

feelings that you experienced at that event.  

Day/Time Kind of Food 
How Prepared or Brand 

Name 
Amount or Size of 

Serving 
FEELINGS 
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Daily Food Record: ID:_____________ Visit: BL     3 6     12      18 Date: _________ (weekday/weekend) 

Directions:  This is a DAILY food record.  Please indicate the day/time of eating, the kind of food and how it was prepared, 

serving size, and ANY AND ALL FEELINGS YOU EXPERIENCED AT THE TIME OF EATING.  For example, you might 

record “bored,” “hurried,” or “upset.”  If you were at a social event, please record that under the feelings column and indicate any 

feelings that you experienced at that event.  

Day/Time Kind of Food 
How Prepared or Brand 

Name 
Amount or Size of 

Serving 
FEELINGS 
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Daily Food Record: ID:_____________ Visit: BL     3 6     12      18 Date: _________ (weekday/weekend) 

Directions:  This is a DAILY food record.  Please indicate the day/time of eating, the kind of food and how it was prepared, 

serving size, and ANY AND ALL FEELINGS YOU EXPERIENCED AT THE TIME OF EATING.  For example, you might 

record “bored,” “hurried,” or “upset.”  If you were at a social event, please record that under the feelings column and indicate any 

feelings that you experienced at that event.  

Day/Time Kind of Food 
How Prepared or Brand 

Name 
Amount or Size of 

Serving 
FEELINGS 
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APPENDIX G 

PHYSICAL PERFORMANCE TEST FORM 
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Weight Loss Study 

 

 

Subject ID   ________________ 

Tester  ________________ 

Date  ________________ 

Height  ________________ 

Weight  ________________ 

 

Handgrip Strength 

 Right ________________ ________________ ________________ 

 Left ________________ ________________ ________________ 

 

One leg stance 

 Right 1) ________________ 2) ________________ 

 Left  1) ________________ 2) ________________ 

 

8 Foot get-up and go 

  1) ________________ 2) ________________ 

 

Normal Walk (8m) 

 time  1) ________________ 2) ________________ 

 steps 1) ________________ 2) ________________ 

Brisk Walk (8m) 

 time  1) ________________ 2) ________________ 

 steps 1) ________________ 2) ________________ 

 

Chair Stand ________________ (number in 30 seconds arms folded across chest) 
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