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Abstract 

Purpose: To assess whether body composition moderates the relationship between strength and 

mobility, following Weight loss (WL) + aerobic training (AT), WL + resistance training (RT), 

and WL-only interventions, in older adults with obesity, who have cardiovascular disease (CVD) 

and/or metabolic syndrome (MetS). 

Methods: Participants (n=249, age=66.8±4.7, BMI=34.4±3.7 kg/m^2, female=71.1%, 

CVD=26.1%, MetS=84.3%) were assigned to one of the three intervention groups. Body 

composition (total body fat mass, total body lean mass), concentric knee extension strength, and 

400m gait speed were assessed at baseline and six-months. Statistical analyses included Pearson 

partial correlations controlling for sex and age, and regression analyses to assess if body 

composition moderated the association between strength and gait speed. All baseline analyses 

view the sample as one group, however six-month analyses assessed correlations and regression 

analyses within each group. 

Results: There was no moderation at baseline as the interactions strength x fat mass and strength 

x lean mass were not significant. There was also no moderation within the intervention groups at 

six-month follow up as the interactions, strength change x fat mass change and strength change x 

lean mass change were not significant in any of the groups. Also, strength change, fat mass 

change, and lean mass change were not significant predictors in any of the six-month follow-up 

regression models, except fat mass change in the WL + RT group.  

Conclusion: Body composition did not moderate the association between strength and gait speed 

in our sample at baseline or following six months of weight loss or weight loss and exercise. 

However, decreasing fat mass following WL + RT may be important to improve gait speed. 
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Introduction 

The older adult population in the United States is projected to increase significantly in the 

coming decades (U.S. Census Bureau., 2014). The US Census Bureau reported that 40% of older 

adults have at least one disability, with nearly two thirds reporting difficulty walking or climbing 

stairs (U.S. Census Bureau., 2014), two tasks that are commonly used to define mobility 

disability (Guralnik et al., 2000). Cardiovascular Disease (CVD) (Jousilahti et al., 1999; 

Rosamond et al., 2008), metabolic syndrome (MetS) (Aguilar et al., 2015) , and obesity (National 

Center for Health Statistics., 2017) are prevalent diseases among older adults, which increase 

their risk of disability (Liaw et al., 2016; Pinsky et al., 1990; Rejeski et al., 2010). Knowing this 

risk for disability exists it is important that we study and address it in clinical trials designed to 

reduce mobility disability in this at-risk population.  

This thesis is a secondary analysis of the Cooperative Lifestyle Intervention Program-II 

(CLIP-II). Specific procedures for CLIP-II are described in detail in the methods paper (Marsh et 

al., 2013). Briefly, CLIP-II was an 18-month, multi-site, single blinded, randomized controlled 

trial in which 249 older adults with obesity, self-reported mobility disability, and CVD and/or 

MetS were randomized into one of three intervention arms: weight loss (WL) + aerobic training 

(AT), WL + resistance training (RT), or WL-only. The dual outcomes were changes in muscle 

strength and mobility assessed as gait speed over 400 meters. 

Strength (Choquette et al., 2010; Manini et al., 2007) and gait are valuable performance 

measures used in predicting mobility disability, and gait speed over 400m is a measure of 

mobility and function. Research describes a nonlinear association between strength and function, 

which becomes weaker above a certain strength threshold which varies depending on the study 

design (Buchner et al., 1996; Buchner & de Lateur, 1991; Ferrucci et al., 1997; Jette et al., 1998; 

Marsh et al., 2006) and further suggests that relative strength has a greater association with 

function compared to absolute strength (Buchner & de Lateur, 1991; Fukagawa et al., 1995; 
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Misic et al., 2007). This association between strength and function may be influenced by body 

composition (fat mass and lean mass) as there is a body of evidence that describes interconnected 

associations between these variables. 

There is equivocal evidence for the association between fat mass and strength, with one 

study showing a significant association (Koster et al., 2011), and others showing both a 

significant association and no association based on gender (Delmonico et al., 2009; Goodpaster et 

al., 2006). Interestingly, several studies show that muscle mass only has a small association with 

strength (Delmonico et al., 2009; Goodpaster et al., 2006; Metter et al., 1999). Greater fat mass is 

also associated with poorer function (Bouchard et al., 2010; Misic et al., 2007; Woo et al., 2007), 

However, there is inconsistent evidence for muscle as it may (Bouchard et al., 2010; Visser et al., 

2000; Visser  et al., 2002) or may not (Misic et al., 2007;Visser et al., 2000; Woo et al., 2007) be 

associated with function. To our knowledge, no studies have examined the influence of body 

composition on the association between strength and function. 

 

Figure 1: Associations between strength, function, and body composition 

 

Various combinations of AT, RT, and WL influence body composition, strength and 

function, and in CLIP-II there were 3 distinct intervention groups: WL + AT, WL + RT, and WL-

Body composition 

Fat mass

Lean mass 

Function Strength 
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only. Studies comparing WL + AT + RT to WL-only reported that adding AT + RT to WL 

decreases body mass and fat mass similarly to WL-only, may preserve muscle mass compared to 

WL-only (Frimel et al., 2008; Villareal et al., 2011), and results in greater improvements in 

absolute strength and function compared to WL-only (Messier et al., 2013; Villareal et al., 2011). 

When comparing WL + AT, WL + RT and WL-only, research suggests that there are no 

differences in changes in fat mass, body mass (Beavers et al., 2017; Villareal et al., 2017), 

strength, and gait speed (Rejeski et al., 2017; Villareal et al., 2017) between WL + AT and WL + 

RT. Also, WL + AT and WL + RT result in greater decreases in body mass and fat mass (Beavers 

et al., 2017), and greater improvements in absolute strength and gait speed compared to WL–only 

(Rejeski et al., 2017). However, WL + AT results in significantly more muscle mass loss 

compared to WL + RT and WL-only (Beavers et al., 2017). Greater improvements in gait speed 

are expected in WL + AT and WL + RT as these groups had greater improvements in strength 

and greater reductions in fat mass. As previously described greater strength (in weaker 

individuals) (Buchner et al., 1996; Buchner & de Lateur, 1991;Ferrucci et al., 1997; Jette et al., 

1998; Marsh et al., 2006) and less fat mass (Bouchard et al., 2010; Misic et al., 2007; Woo et al., 

2007) are associated with improved function. 

Literature shows us the relationship between strength, function, and body composition, 

and how these variables are influenced by weight loss and exercise interventions. However, the 

relationship between strength and gait speed may be moderated by body composition. We 

propose that at lower levels of fat mass and body mass there is a stronger relationship between 

strength and function compared to higher levels of fat mass and body mass, which may have 

implications for interventions to improve function. Although to our knowledge no previous 

studies have assessed for moderation, studies by Rejeski et al (Rejeski et al., 2011), Beavers et al 

(Beavers et al., 2014), and Nicklas et al (Nicklas et al., 2015) may show moderation.  
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For example, Nicklas et al (2017) reported that the addition of a WL intervention to a RT 

intervention resulted in significantly decreased body mass and fat mass and greater improvements 

in gait speed compared to RT-only. They also reported that there were no significant differences 

in increases in strength between WL + RT vs RT-only. This may indicate that regardless of 

increases in strength, without decreasing body mass and fat mass, there is no improvement in gait 

speed. This is an example of moderation as individuals who increased strength but did not 

decrease body mass and fat mass did not improve their gait speed, and those who increased their 

strength and lost weight improved their gait speed. 

Similarly, Rejeski et al (2011) and Beavers et al (2014) reported that an AT intervention 

without a WL intervention resulted in no changes in body mass and gait speed compared to a 

control group receiving no WL or exercise interventions. However, the addition of WL to AT 

significantly decreased body mass and fat mass and significantly improved gait speed compared 

to the AT-only group or the control group. Although the authors did not report changes in 

strength, this may indicate that regardless of potential increases in strength without weight loss 

there is no improvement in gait speed. This too is an example of moderation as individuals who 

may have increased strength but did not lose weight did not see improvements in their gait speed, 

and those who may have increased their strength and lost weight improved their gait speed.   
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Figure 2: Body composition as a moderator of the association between strength and 

function 

 

To our knowledge there are no studies that assess whether the association between 

strength and function is moderated by body composition. Therefore, the purpose of this thesis is 

to assess whether body composition moderates the relationship between strength and mobility, 

following WL + AT, WL + RT, and WL-only interventions, in older adults with obesity, who 

have CVD and/or metabolic syndrome. We hypothesize that at baseline fat mass, but not lean 

mass will moderate the association between absolute strength and 400m gait speed. Due the 

influence of the interventions on body composition, strength and gait speed (Beavers et al., 2017; 

Rejeski et al., 2017), we also hypothesize that changes in fat mass but not changes in lean mass 

will moderate the association between changes in absolute strength and changes in 400m gait 

speed in the all three intervention groups. 
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Literature Review 

Significance  

The older adult population in the United States is projected to grow significantly during 

the coming decades. Based on the United States Census, Ortman and colleagues reported that the 

population aged 65 and older will increase from 43.1 million in 2012 to approximately 83.7 

million by 2050 (U.S. Census Bureau., 2014). This rapid increase is mainly due to the baby 

boomers who started turning 65 in 2011. Using data collected during the American Community 

Survey, the US Census Bureau reports that nearly 40 percent of older adults have at least one 

disability (U.S. Census Bureau., 2014). Of that 40 percent, nearly two thirds, 15.7 million people, 

reported having difficulty walking or climbing stairs, tasks that are often used to define mobility 

disability (Guralnik et al., 2000). In this population, walking is of particular importance as it is 

vital to maintain independence in daily life activities, and poor performance in walking is 

associated with accelerated decline in physical function and elevated risk of being admitted to a 

nursing home (Guralnik et al., 1994, 1995, 2000; Cesari et al., 2005).  

Chronic diseases such as CVD, MetS, and obesity increase the risk for mobility 

disability. CVD is a broad term for the group of disorders of the heart and blood vessels, which 

includes hypertension, coronary heart disease, stroke, and heart failure (World Health 

Organization (WHO), n.d.). Approximately 80 million Americans have one or more types of 

CVD (Rosamond et al., 2008). CVD is prevalent among older adults, as there is an increase in 

risk factors and incidence as individuals age (Jousilahti et al., 1999). CVD also increases the risk 

for mobility disability as diseases of the heart and circulatory system are the second highest cause 

of disability among adults aged 60 years and older, second only to Arthritis (Pinsky et al., 1990). 

In addition to the high prevalence of CVD among older adults, 47.6 percent of adults aged 60 

years and older have MetS (Aguilar et al., 2015). MetS is the name given for a group of risk 
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factors for heart disease and other health problems. It includes an elevated waist circumference, 

elevated triglycerides, reduced HDL, elevated blood pressure, and elevated blood glucose 

(Metabolic Syndrome | National Heart, Lung, and Blood Institute (NHLBI), n.d.). MetS is also an 

important risk factor for reduced mobility in older adults (Liaw et al., 2016). Research also 

indicates that there are high rates of obesity among older adults. The Centers for Disease Control 

(CDC) reported that in 2015~2016 there were approximately 93.3 million adults with obesity in 

the US and in 2008 obesity placed a 147-billion-dollar burden on the health care system 

(Finkelstein et al., 2009; Hales et al., 2017). Obesity is prevalent among older adults; 41 percent 

of adults above the age of 60 are obese (Hales et al., 2017). Obesity is also a major risk factor for 

physical disability (Rejeski et al., 2010). 

The prevalence of these chronic diseases indicates that there may be a cluster of older 

adults in our society with obesity, and who have CVD and/or metabolic syndrome, not surprising 

when one considers the interconnectedness of the risk factors. This cluster of individuals is at an 

increased risk for mobility disability. 

Nagi Model of Disability and importance of 400m walk and quadriceps strength 

Nagi’s model of disability, described by Jette (Jette, 2006), identifies 4 distinct but 

related stages that explain the disability process. These stages are active pathology, impairment, 

functional limitation, and disability. Active pathology is the initial stage and refers to an 

interruption of cellular processes and the simultaneous efforts of the organism to regain its normal 

state. Impairment occurs at the systems level and refers to the loss or abnormality of tissue, 

organs or body systems. Functional limitation refers to the restriction on the performance of an 

individual. Lastly, disability is an expression of the functional limitation in a social context, that 

is, the gap between the ability of the individual and the demands created by the physical and/or 

social environments. Within this thesis we have an example of the disablement model. Active 

pathology is the adverse changes in body composition, such as increased body fat or decreased 
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muscle mass, which accompanies increasing age and sedentary behavior. This is consistent with 

how we currently view obesity, that is, as pathological condition that increases our risk for more 

serious chronic diseases. Impairment describes the loss of strength as it is an abnormality or loss 

within the musculoskeletal system. Functional limitation describes the change in gait speed in the 

400m walk as it is an indication of a restriction on an individual’s performance. We also view 

400m gait speed as a measure of function and mobility. Function is a broad term that includes 

many components, one of which being mobility. Gait speed over 400m is a measure of mobility, 

and therefore it is also a measure of function. Lastly if decreased gait speed over 400m impacts 

daily activity, it is then considered a disability. 

Rational for measures used in this thesis – body composition, strength, and gait speed 

Body composition can be determined at the tissue level, as the amount and distribution of 

adipose, skeletal, and muscle tissue (Duren et al., 2008). In this thesis we will assess fat and lean 

mass. These measures were obtained using dual-energy x-ray absorptiometry (DXA) which is the 

gold standard for measuring body composition. They were chosen because of their influence on 

strength and function. These associations between body composition and strength and function 

will be further explained in later sections of this thesis. 

Our operational definition for strength is the maximal amount of force produced by the 

quadriceps during a concentric contraction. Measures of relative and absolute quadricep strength 

are widely used and are valuable in predicting risk of mobility limitation. Choquette and 

colleagues (Choquette et al., 2010) determined that among various factors including body mass, 

fat free mass, fat mass and handgrip strength, relative quadricep strength (quadricep strength 

divided by body mass) had the strongest positive correlation with mobility in older adults where 

mobility was determined from various functional tests including timed up and go, chair stand, 

usual and fast paced walking speed and one leg stand. Notably, absolute quadricep strength had 

the third highest correlation with mobility; relative quadricep strength (quadricep strength divided 
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by BMI) was second. Measures of relative quadricep strength (quadricep strength divided by 

body weight, and quadricep strength divided by BMI) were the only measures more highly 

correlated with mobility. 

Manini and colleagues (Manini et al., 2007) assessed the risk of mobility disability with 

decreased strength in older adults. They identified cut points that classified individuals as high 

and low risk for severe mobility limitations, defined as 2 consecutive self-reports of a lot of 

difficulty or inability to walk a quarter of a mile or climb ten steps. Having relative knee extensor 

strength less than 1.13 Nm/kg for men and 1.01 Nm/kg for women, put them at high risk for 

severe mobility limitation. These studies by Choquette et al. (2010) and Manini et al. (2007) 

underscore the importance of absolute and relative strength as predictors of mobility limitation. 

However, because we are examining the influence of changes in body composition (fat mass and 

muscle mass) as moderators of the relationship between strength and function we will use 

absolute strength. Strength may be relative to body mass, that is influenced by changes in fat 

mass or muscle mass, and strength may be relative to muscle mass (muscle quality) that is 

influenced by changes in muscle mass. Therefore, using absolute strength will allow us to test our 

hypothesis without interference. 

The operational definition for function will be gait speed during the 400m walk. The 

400m walk and gait speed are widely used tests and are predictors of mobility limitation. The 

complexity of walking helps to explain the value of using gait speed as a prognostic tool, and is 

outlined by Ferrucci et al (Ferrucci et al., 2000). The authors conducted a thorough review of 

literature and consulted international experts to create a model that describes the physiological 

structures and systems needed for walking. They deconstructed walking into a simple cascade of 

events. The brain creates a motor program that is transported by the peripheral nerves and 

activates the muscles in the correct sequence. The muscles then apply force to the skeleton and 

move joints. This further applies force to the floor through the feet, which stabilizes and propels 
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the body forward. This activity also requires the circulatory system to provide nutrients and 

oxygen, and the visual, proprioceptive, and vestibular systems to provide continuous feedback. 

These processes are dependent on multiple subsystems that allow them to occur. These 

subsystems include the central nervous systems, peripheral nervous system, perceptual system, 

muscles, bones and joints, and energy production and delivery. When one particular or multiple 

subsystems are not working correctly, gait speed slows. Using this information, we infer that gait 

speed, specifically slowing gait speed, can be a predictor of declining physical function. 

The association between gait speed and mobility limitation was explored by Guralnik and 

colleagues (Guralnik et al., 2000). They examined the predictive power of gait speed alone, 

obtained from a 4m walk, compared to the short physical performance battery (SPPB), which 

consists of a 4 m walk gait speed test, a standing balance test, and a muscle strength/power test of 

rising from a chair five times as quickly as possible, in predicting mobility disability and 

disability. The authors defined mobility disability as the self-reported inability to walk 0.25 miles 

or climb a flight of stairs without help, and disability as mobility disability combined with the 

inability to complete certain activities of daily living without help. They found that both the 

performance battery and gait speed had prognostic power in predicting both mobility disability 

and disability. The results also showed the performance battery tended to be a stronger predictor 

than gait speed alone. However, even though the difference between the performance battery and 

gait speed was significant, the authors described it as small and not substantial, which led the 

authors to conclude that gait speed alone is nearly as good a predictor of disability outcomes as 

the full performance battery. 

To further understand the impact of gait speed as a predictor of mobility disability, 

literature describes important gait speed cut points. These cut points are based on usual gait speed 

and give us an indication of what important gait speed values are. Cut points are commonly used 

in medical practice and are valuable tools used to identify and treat disease. They allow 
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physicians and other health care providers to categorize individuals into large groups and provide 

a standardized treatment. For example, in 2017 the American Heart Association and the 

American College of Cardiology examined the current literature and released updated blood 

pressure cut points, creating categories for normal, elevated, and high blood pressure (Whelton et 

al., 2017). These categories allow health care providers to categorize individuals into one these 

groups based on their blood pressure. This allows for early detection, prevention, management, 

and treatment of hypertension.  

A task force of the International Academy on Nutrition and Aging (IANA) (Abellan Van 

Kan et al., 2009) surveyed the literature on gait speed cut points that have been associated with 

functional impairment and other adverse health outcomes. The authors summarized the literature 

on the predictive capacity of usual gait speed on multiple outcomes such as ADL or mobility 

disability, mortality, falls and hospitalization. Based on their review of relevant literature, they 

observed that slower usual gait speed resulted in increased risk for adverse health events and 

mortality. They also concluded that clear cut points could be set and individuals who walked 

slower than 0.8 m/s had an increased risk for adverse health outcomes and those who walked 

slower than 1 m/s had an increased risk for mortality. Studenski (Studenski, 2009) expanded on 

the work of the task force and described additional gait speed cut points. Using the data provided 

by the IANA task force, Studenski set additional cut points to increase the number of categories 

of walking speed. Walking at a speed less than 0.6 m/s was described as seriously abnormal, 0.6 – 

1.0 m/s was mildly abnormal, 1.0 – 1.4 m/s was normal/acceptable and greater than 1.4 m/s was 

superior (Studenski, 2009). 

Cesari and colleagues (Cesari, et al., 2005) defined a clinically relevant cut point of usual 

gait speed measured over a 6 meter walk and investigated the predictive value of the cut-point 

using data from the Health, Aging and Body Composition study. The Health ABC study was a 

prospective cohort study investigating the effect of changes in body composition and health 
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conditions on physiological and functional status at increased age. Walking at a speed less than 1 

m/s was considered high risk and walking at a speed faster than 1 m/s was low risk for lower 

extremity limitations, severe lower extremity limitation, hospitalization and death. Lower 

extremity limitation was defined as 2 consecutive semi-annual self-reports of having any 

difficulty walking a quarter of a mile and or climbing ten steps, and severe lower extremity 

limitation was defined as a lot of difficulty or inability to complete these tasks. The cut point 

established was based on the incident rates of lower extremity limitation in a random sample of 

the Health ABC cohort. They discovered that participants in the high-risk group had increased 

hazard ratios for lower extremity limitation, severe lower extremity limitation, death and 

hospitalization. These findings support the cut points suggested by Studenski (Studenski, 2009) 

and indicate a consistency across the literature. They also reiterate the importance and predictive 

power of using cut points of gait speed. 

Participants in the CLIP-II study had mobility disability defined as self-reported 

difficulty walking a quarter of a mile, climbing stairs, lifting and carrying groceries, or 

completing other household chores. However, the participants still maintained relatively good 

lower extremity function and were all able to complete a 400m walk at baseline. For this reason, 

we cannot use the 400m walk as a dichotomous test, which would test participants’ ability to 

complete the 400-meter walk and categorize them as those who completed the walk and those 

who did not. Instead, we will use fast gait speed as a continuous variable as this is more 

applicable to the functional level of CLIP-II participants. 

 

Gait speed and meaningful change 

In this thesis, the main outcome is the change is 400m gait speed. We examine 

specifically whether the association between knee extensor strength and 400m gait speed is 

moderated by body composition following WL + AT, WL + RT or WL-only. It is important to 
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know what constitutes meaningful change in gait speed and its impacts. Although the following 

studies are based on shorter distances and usual gait speed, they give us an indication of what 

constitutes meaningful change in gait speed. Perera and colleagues (Perera et al., 2006) assessed 

meaningful change in common performance measures in older adults, including gait speed 

defined as distance walked in meters divided by seconds. Usual gait speed was collected for 

walking 10 feet, 4 meters and 10 meters. They evaluated three different data sets which included 

a diverse group of older adults from both observational and intervention studies.  Participants in 

the first data set were described as frail, which was defined as an inability to descend stairs 

without holding the railing. They were also assessed for functional ability and lower function was 

described as to rise out of a 17-inch chair without using your arms (Chandler et al., 1998). 

Participants from the second data set had adequate function, and those who were extremely fit 

(having a gait speed greater than 1.3m/s), extremely fragile (having a gait speed less than 0.2 m/s) 

or were not able to complete a 4-meter walk were excluded (Studenski et al., 2003). Participants 

from the third data set were individuals who had a stroke in the last 30 to 150 days (Duncan et al., 

2003). The authors used several methods to define meaningful change in gait speed, which ranged 

from 0.04-0.06 m/s for a small effect and 0.1-0.14 m/s for a moderate effect. These values give us 

an indication of meaningful change. However, due to the diversity of the population, there were 

differences in the functional capacities of the participants. These levels of function were different 

than the current study population used in this thesis. 

Kwon and colleagues (Kwon et al., 2009) evaluated meaningful change in 4-meter gait 

speed in a study population with similar functional capacity to the CLIP-II population used in this 

thesis. The authors used information from the LIFE-P study in which participants were at 

increased risk for mobility disability. Increased risk of future mobility disability was defined as 

having a short physical performance battery (SBBP) score of less than 9. However, participants 

maintained enough functional ability to complete a 400m walk at baseline. Participants from 
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CLIP-II had self-reported mobility disability, defined as self-reported difficulty walking a quarter 

of a mile, climbing stairs, lifting or carrying groceries and performing other household chores. 

Although the CLIP-II participants reported mobility disability, it was obtained using a subjective 

measure and they maintained enough functional ability to complete a 400m walk at baseline. 

There is similarity in the functional ability of participants in both studies as they either had self-

reported mobility disability or were at risk for future mobility disability, but both groups still 

maintained enough functional capacity to complete the 400m walk at baseline. Kwon and 

colleagues (Kwon et al., 2009) used anchor based and distribution-based methods and reported 

the following: for anchor-based methods an increase in walking speed of 0.03-0.05m/s was a 

small meaningful change, and an increase of 0.08m/s was a substantial meaningful change. For 

distribution-based methods they used both effect size and standard error of the measurement 

(SEM). For effect size they determined that increasing walking speed by 0.03m/s was a small 

effect and increasing walking speed by 0.08m/s was a moderate effect. They also concluded that 

increasing walking speed by 0.04m/s was a meaningful change when using the SEM method.  

These findings are similar to the meaningful change values reported by Perera et al. 

(Perera et al., 2006). Using the effect size, they reported a small effect as increasing walking 

speed by 0.04-0.06m/s and a moderate effect as increasing walking speed by 0.1-0.14m/s. Using 

SEM, they reported meaningful change as increasing walking speed by 0.04-0.06m/s. This 

similarity indicates that meaningful change in gait speed is similar across diverse populations 

with varying levels of function. The studies also used different distances to obtain gait speed and 

thus meaningful change is similar when assessing gait at varying distances. However, it is 

important to remember that change in gait speed is also dependent on the functional levels of 

individual participants. Individuals who have a faster gait speed will not have as great a change in 

speed compared to those who have a slower gait speed. This is further explained by the following 

study. 



 

10 
 

Recently, Miller et al (Miller et al., 2018) evaluated the heterogeneity of the relationship 

between gait speed collected over a 3 or 4 meter walk, and self-reported mobility disability (SR-

MD), which was defined as the inability to walk one block or climb one flight of stairs in 

different study populations. The authors included various studies in which participants had 

varying levels of function. The first studies were the LIFE and LIFE-P studies in which 

participants were community dwelling, could walk 400 meters in 15 minutes, scored less than 10 

on the SPPB, and were sedentary. The second was the Baltimore Hip Study (BHS2) where 

participants were suddenly disabled due to hip fracture. The third was the TRAIN study in which 

participants had cardiovascular disease risk. The last was the InCHIANTI study, which was a 

cohort of community dwelling older adults in Italy. The authors discovered that within each study 

group the effect of change differed depending on the initial gait speed. For example, among the 

LIFE-P participants, comparing the risk difference for no change and a change of 0.1 m/s with 

two different initial speeds of 0.6 m/s and 1 m/s resulted in a greater risk difference for those 

starting at slower speed of 0.6 m/s. With an initial gait of 0.6 m/s the risk difference was 4.4% 

compared to an initial gait speed of 1 m/s where the risk difference was only 1.6%.  

Body composition as a moderator of the association between strength and function 

In this thesis we will assess the impact of body composition as a moderator of the 

relationship between strength and function in older adults with obesity, who have CVD and 

metabolic syndrome. To test if a variable moderates the relationship between an independent 

variable and a dependent variable using regression analysis, one needs to assess whether there is a 

significant interaction between the independent variable and the proposed moderator when 

predicting the dependent variable. Observational research has examined the associations between 

strength (independent variable) and function (dependent), body composition (proposed 

moderator) and function (dependent variable), and body composition (proposed moderator) and 
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strength (independent variable). The interconnection of these associations may suggest that body 

composition influences the association between strength and function. 

We will also assess whether strength is associated with function and if this association is 

affected by a second moderator group assignment (WL + AT, WL + RT, or WL-only). Thus, we 

also describe experimental studies that assess the influence of WL + AT, WL + RT, and WL-only 

interventions on body composition, strength, and function. 

Observational studies: Effects of aging on body composition 

Body composition is profoundly impacted by the aging process. Observational 

longitudinal studies have demonstrated that with increasing age there is a decrease in lean mass 

and an increase in fat mass (Baumgartner, 2000; Ding et al., 2007; Gallagher et al., 2000; Guo et 

al., 1999; Newman et al., 2005; Visser et al., 2003). The age-related loss in muscle mass is known 

as sarcopenia, which is derived from the Greek words sarx meaning flesh and penia meaning loss 

(Rosenberg, 1997). 

Ding et al (Ding et al., 2007) investigated the effect of birth cohort and age on body 

composition in a subset of the Heath ABC study. The Health ABC study was a large, prospective, 

community-based study investigating the effects of body composition on morbidity, disability and 

mortality. In total, 1,786 participants were followed for 5 years and completed a DXA scan 

annually, to evaluate fat mass and lean mass. Participants were 70 to 79 years of age indicating 

they were born in the same decade. Participants were then divided into 10 successive birth 

cohorts in which individuals born in the same year were grouped together. 

The authors analyzed changes in body composition within the cohorts. They reported that 

fat mass initially increased with aging for both men and women up to age 80. Then, after the age 

of 80, there was a decrease in fat mass in men and a more rapid decrease in women. Lean mass 
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within the cohorts decreased with increasing age for both men and women, with the decrease 

happening more rapidly in men than women. 

Observational studies: The association between strength and function 

There is inconsistent evidence for the association between absolute strength and function, 

as studies show no significant associations (Aniansson et al., 1980; Danneskiold-SamsØe et al., 

1984), small significant associations (Bohannon et al., 1996), or moderate significant associations 

(Bassey et al., 1988; Bendall et al., 1989; Fukagawa et al., 1995). This variation in the literature 

may be due to these studies using correlations, thus viewing the relationship between strength and 

function as linear. However, among older adults the association between strength and function 

may be nonlinear, and above a certain threshold becomes weaker (Buchner et al., 1996; Buchner 

& de Lateur, 1991; Ferrucci et al., 1997; Jette et al., 1998; Marsh et al., 2006).  

For example, Buchner et al (Buchner et al., 1996) tested for a nonlinear relationship 

between strength and function. Participants were a random sample of 409 adults enrolled in the 

health maintenance organization. They were excluded if they had any pathologies that affected 

muscle such as neurological conditions or musculoskeletal diseases. Lower extremity absolute 

strength was assessed using an isokinetic dynamometer, by summing the strength of 4 muscle 

groups (knee extensor, knee flexor, ankle dorsiflexor and ankle plantar flexor). Gait speed was 

assessed over 15.2 meters. To determine the association between strength and function, the 

authors conducted a multiple regression analysis. They reported that there was a gradual 

transition from a positive association between strength and function at lower levels of strength, to 

little or no association at greater levels of strength. Although the authors could not distinguish the 

exact point at which this transition occurred, they reported that at a cut point of 275Nm the slope 

of the regression line was closest to zero, after which it leveled off. These results support the 

theory that the relationship between strength and function is nonlinear.  Buchner et al (Buchner & 

de Lateur, 1991) further suggested that strength greater than the threshold required for a specific 
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activity creates a physiologic reserve. This may explain why small changes in strength may 

produce large effects on function in frail older adults who tend to have lower strength, and large 

changes in strength have small to no effect on function in healthy older adults who tend to have 

greater strength.   

Literature also suggests that relative strength may have a stronger association with 

function compared to absolute strength and, both absolute strength and relative strength have 

stronger associations with function compared to muscle mass or fat mass (Buchner & de Lateur, 

1991; Fukagawa et al., 1995; Misic et al., 2007). For example, Misic et al (Misic et al., 2007) 

assessed muscle quality, absolute muscle strength, leg mineral free lean mass (MFLM), or whole-

body fat mass to determine which was the strongest predictor of lower extremity physical 

function. Participants were 55 healthy, community dwelling older adults with an average age of 

69 and BMIs ranging from 22 to 38. Body composition was assessed using DXA and lower 

extremity strength was assessed using an isokinetic dynamometer, specifically during bilateral 

reciprocal contractions at the knee. Muscle quality was defined as the ratio of muscle strength to 

leg MFLM. Function was assessed using gait performance measures, which included a timed 7-

meter walk test, and a stair ascent and decent test in which participants were timed ascending and 

descending 15 stairs at their normal pace. 

The authors discovered that fat mass (r = 0.33), absolute strength (r = - 0.46), and muscle 

quality (r = - 0.57), but not leg MFLM (r= - 0.14), were significantly correlated with the timed 

walk test. They also discovered that muscle quality (ascending r = -0.54, and descending r = -

0.57) and absolute strength (ascending r = -0.49, and descending r = -0.51) had a significant 

correlation with the stair test, whereas leg MFLM (ascending r = -0.24, descending r = - 0.21) and 

fat mass (ascending r = 0.26, descending r = - 0.16) did not. 

Misic et al. (Misic et al., 2007) also conducted a linear regression analysis including 

muscle quality, fat mass, VO2 peak, and sex as the independent variables to predict performance 
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in the 7-meter walk test. Muscle quality accounted for 32% of the variance in 7-m walk 

performance, while fat mass was not a significant predictor. 

Results from Misic et al. (2007) indicate that absolute strength and muscle quality 

(relative strength) have stronger associations with function than fat mass or muscle mass. They 

also suggest that relative strength has a greater association with function compared to absolute 

strength. To my knowledge there are no studies that assess the influence of fat mass and muscle 

mass on the association between strength and function. 

Observational studies: Association between body composition and strength 

Research has shown a range of positive associations between lean mass and strength 

(Chen et al., 2013; Delmonico et al., 2009; Goodpaster et al., 2006; Kallman et al., 1990; Reed et 

al., 1991; Young et al., 1985). This variance may be due to factors such as age, the muscle group 

being tested, and the diverse methods used to assess body composition as some of these studies 

use outdated and less reliable methods such as skinfolds, anthropometric measurements or 

bioelectrical impedance analysis (BIA). However, studies in older adults using DXA or computed 

tomography scans (CT scan) to assess body composition, and assessing knee extensor strength, 

consistently report small associations between lean mass and strength. These studies further 

suggest that as individuals age, strength decreases more rapidly than lean mass (decreased muscle 

quality) (Chen et al., 2013; Delmonico et al., 2009; Goodpaster et al., 2006). 

For example, Goodpaster et al (Goodpaster et al., 2006) assessed the association between 

lean mass and strength. The purpose of their study was to describe changes in muscle strength, 

mass, and quality over 3 years and to determine whether changes in total appendicular lean mass 

as well as body mass were related to changes in muscle strength of older adults. The authors used 

a subset of 3,075 participants aged 70 to 79 years in the Health ABC cohort. Lean mass was 

assessed using DXA and muscle strength was assessed by isokinetic knee extensor strength. 
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The authors observed that baseline total leg lean mass and changes in total leg lean mass 

were significantly associated with changes in strength (changes in leg lean mass; men r = 0.171, 

women r = 0.176, and baseline leg lean mass; men r = -0.133, women r = -0.101). Although these 

associations were significant, the correlations were weak, and only accounted for a small portion 

of the variability of the decline in strength. The authors reported that baseline leg lean mass and 

changes in leg lean mass explained only about 5% of the changes in strength. The authors also 

conducted a linear regression including baseline strength, baseline leg lean mass, changes in leg 

lean mass, age and race as the independent variables to predict changes in strength. They 

observed that for men and women this regression model only accounted for 23% and 24% of the 

variability in changes in strength, respectively. 

The authors also examined changes in muscle quality (a measure of relative strength) 

with aging. Muscle quality was defined as the ratio of knee extensor strength (isokinetic torque) 

to leg lean mass in kilograms. They reported that even though certain individuals maintained 

muscle mass, they lost strength, and even though certain individuals gained body mass and 

muscle mass, they did not gain strength. Thus, the authors concluded that in this cohort muscle 

quality decreased with age. Changes in muscle quality were also observed when comparing the 

rate of strength decline to the decline in lean mass. The rate of strength decline was almost 3 

times greater than the decline in lean mass over the 3-year study period. Losing strength at a 

faster rate than lean mass, indicates that muscle quality is declining. 

This decrease in muscle quality and dissociation between lean mass and strength is not 

surprising as there is evidence that suggests that strength and lean mass are not as closely linked 

as was previously thought. After conducting a thorough review of the literature, Manini and Clark 

(Clark & Manini, 2008; Manini & Clark, 2012) reported that although cross sectional studies 

show an association between lean mass and strength, longitudinal studies showed a disassociation 

between the loss of lean mass and the loss of strength. The authors also reported that changes in 
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muscle mass and changes in strength from increased physical activity do not follow the same time 

course. The authors then coined the term dynapenia, which is a decline in muscle strength with 

age. They made a clear distinction that sarcopenia, the loss of muscle mass, is different from 

dynapenia and that muscle strength is not solely dependent on muscle size. 

Results from Goodpaster et al (2016) indicate that there is a weak association between 

muscle mass and strength. This is reflected in the change in muscle quality (relative strength) 

over the 3-year study period as muscle strength declined at a faster rate than muscle mass and the 

maintenance of muscle mass did not attenuate the decrease in strength. 

There is equivocal evidence for the association between fat mass and strength, with one 

study showing a significant association (Koster et al., 2011), and others showing both a 

significant association and no association based on gender (Delmonico et al., 2009; Goodpaster et 

al., 2006). Koster and colleagues (Koster et al., 2011) used a subset of the Health ABC cohort that 

included 2,307 older adults. They examined whether baseline fat mass predicted changes in lean 

mass, muscle quality, and strength. Fat mass and lean mass were obtained using DXA and knee 

extensor strength was obtained using an isokinetic dynamometer. Muscle quality was defined as 

knee extensor strength divided by leg lean mass. At baseline, greater fat mass was associated with 

greater lean mass and absolute strength. 

Although fat mass was positively associated with absolute strength and muscle mass, 

greater fat mass was also associated with decreased muscle quality (relative strength). This 

indicates that individuals with greater fat mass may have greater absolute strength and muscle 

mass, but they have less relative strength. In contrast individuals with less fat mass may have less 

muscle mass and absolute strength, but greater relative strength. This is important as literature 

suggests that muscle quality (relative strength) has a stronger correlation with function than 

muscle mass or absolute muscle strength (Misic et al., 2007). 
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In addition to assessing the association between lean mass and strength as described 

earlier, Delmonico et al (Delmonico et al., 2009) and Goodpaster et al (Goodpaster et al., 2006) 

also assessed the association between fat mass and strength. Both studies used a subset of the 

Health ABC cohort and fat mass was assessed using DXA and knee extensor strength was 

assessed using a dynamometer. To assess changes in this association, Delmonico et al (2009) 

used 5 year follow up data while Goodpaster et al (2006) used 3 year follow up data.  

At baseline Goodpaster et al (2006) reported no significant association between fat mass 

and changes in strength in both men and women. When assessing the association between 

changes in fat mass and changes in strength, both Delmonico et al (2009) and Goodpaster et al 

(2006) reported that for women, changes in fat mass were significantly associated with changes in 

strength. However, both studies also reported that changes in fat mass were not associated with 

changes in strength in men. These studies by Delmonico et al (2009) and Goodpaster et al (2006) 

suggest that the association between changes in fat mass and changes in strength may be 

dependent on gender differences. 

Observational studies: Association between body composition and function 

Research suggests that greater fat mass is significantly associated with worse function 

(Bouchard et al., 2010; Misic et al., 2007; Woo et al., 2007). However, there is inconsistent 

evidence for the association between muscle mass and function as some studies report no 

association between muscle mass and function (Misic et al., 2007; Visser et al., 2000; Woo et al., 

2007) and others suggest there may be an association (Bouchard et al., 2010; Visser et al., 2000; 

Visser et al., 2002).  

Woo et al (Woo et al., 2007) assessed the association between body composition and 

body mass index (BMI) with function in older adults. Participants were 4000 Chinese, 

community dwelling older adults ≥ 65 years of age. Fat mass and appendicular muscle mass were 

assessed using DXA, and function was examined using 6-meter gait speed. Using BMI 
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participants were also categorized as underweight, normal weight, overweight, obesity I, and 

obesity II. The authors reported that obese and underweight groups had significantly slower 

walking speeds than the normal weight and overweight groups. They also examined physical 

function (6-meter gait speed) by quantiles of fat mass and appendicular muscle mass. Greater fat 

mass was associated with worse function, and there was no association between appendicular 

muscle mass and gait speed. 

Bouchard et al (Bouchard et al., 2010) assessed the association between muscle mass, 

muscle strength, muscle quality, and fat mass with function. Participants were 1280 adults > 55 

years of age. Fat mass and muscle was assessed using DXA and function was assessed using gait 

speed over 7 meters. The authors reported small but significant correlations between fat mass and 

gait speed, (r = -0.12) and muscle mass and gait speed (r = -0.12). Although these results from 

Bouchard et al (2010) are statistically significant, they are small and may not be clinically 

meaningful. 

Observational studies: The relationship between fat mass and muscle mass 

Although fat mass and muscle mass each independently influence strength and function, 

these variables are also associated and may influence each other. As previously described, as 

individuals age, there is an increase in fat mass and a decrease in muscle mass (Baumgartner, 

2000; Ding et al., 2007; Gallagher et al., 2000; Guo et al., 1999; Newman et al., 2005; Visser et 

al., 2003). The decrease in muscle mass may be due to the adverse effects of greater fat mass. 

Obesity, greater fat mass, and adipocytes are associated with inflammatory markers such as 

interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and C-reactive protein (CRP) (Fernández-

Real & Ricart, 2003; Hotamisligil, 2003; Nicklas et al., 2004; Ryan & Nicklas, 2004; Yudkin et 

al., 2000). Also, adipocytes may secrete IL-6 TNF-α (Kershaw & Flier, 2004; Ruan & Lodish, 

2003). Increased inflammation may have a catabolic effect on muscle mass, and studies have 
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shown that increases in inflammatory markers are associated with decreased muscle mass (Cesari 

et al., 2005; Roubenoff, 2003; Visser et al., 2002). 

For example, Cesari et al (Cesari, et al., 2005) conducted a cross sectional secondary 

analysis using data from the Trial of Angiotensin Converting Enzyme Inhibition and Novel 

Cardiovascular Risk Factors (TRAIN) study. The purpose was to assess the association between 

inflammatory markers IL-6 and CRP, and appendicular muscle mass, fat mass, and obesity. This 

secondary analysis included 286 participants aged >55 who had a high cardiovascular risk profile. 

Participants had their blood drawn, which was then analyzed to assess levels of IL-6 and CRP. 

Fat mass and appendicular lean mass were assessed using DXA, and BMI was defined as body 

weight (in kg) / height2 (in m). 

The authors conducted a regression analysis to assess the association between IL-6 and 

CRP, and fat mass, with the latter being the dependent variable. They also conducted a regression 

analysis to assess the association between IL-6 and CRP, and fat adjusted appendicular lean mass. 

Fat mass was positively associated with IL-6 and CRP, while fat adjusted appendicular lean mass 

was inversely associated with IL-6 and CRP. These results underscore the importance of fat mass, 

as it may indirectly affect strength and function by negatively affecting muscle mass, which is 

associated with these variables. 

Physical activity guidelines for older adults 

Prior to reviewing the literature on RCTs its worth considering the general guidelines for 

physical activity in older adults. One of the strengths of the RCTs we review below is that they 

follow the recommendations closely. It is also worth noting that the interventions in CLIP-II also 

followed these guidelines for the WL + AT and WL + RT groups. The American College of 

Sports Medicine (ACSM) and American Heart Association provide the physical activity 

recommendations for older adults (Nelson et al., 2007). After a thorough review of pertinent 

literature, the authors concluded that regular physical activity, including aerobic activity and 
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muscle strengthening, are essential for healthy aging. Older adults need 30 minutes of moderate 

intensity aerobic activity five days each week or 20 minutes of vigorous aerobic activity 3 days 

each week. They also need 2 days of muscle strengthening each week, which should include 8 to 

10 exercises performed on non-consecutive days using the major muscle groups. The weight 

selected should allow 10 to 12 repetitions for each exercise and intensity should be moderate to 

high. In addition to aerobic and muscle strengthening, older adults need flexibility and balance 

training. Flexibility is required at least 2 days a week for 10 minutes. 

Experimental studies: Importance of weight loss interventions  

Physical activity interventions may use multiple modes including AT or RT. The 

following studies describe how AT and RT in combination with WL influence body composition, 

strength, and function. There are various ways to combine AT, RT and WL; we will compare AT-

only, RT-only, WL-only, AT + RT-only, WL + AT, WL + RT, and WL + AT + RT. 

Although, weight loss has been shown to improve mobility outcomes in older adults 

(Nicklas et al., 2015; Rejeski et al., 2011; Villareal et al., 2011, 2017), observational research 

describes an association between WL and increased mortality risk (Knudtson et al., 2005; 

Sørensen et al., 2005; Yaari & Goldbourt, 1998). This has led to controversy over whether WL 

should be encouraged in older adults with overweight or obesity. However, as described by Shea 

and colleagues (Shea et al., 2011), observational studies may not be able to distinguish between 

intentional and unintentional WL. Unintentional WL could indicate underlying disease that can 

increase mortality, which may explain the observational findings. Contrary to the observational 

studies, Shea et al (Shea et al., 2010, 2011) using data from randomized controlled trials (RCTs), 

showed that in older adults with overweight or obesity intentional weight loss does not increase 

mortality risk. This indicates that RCTs with interventions to achieve intentional WL may be 

appropriate for older adults with overweight or obesity. 
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The addition of WL interventions to PA interventions are particularly important for 

function among older adults with overweight or obesity. Studies by Rejeski et al (Rejeski et al., 

2011) and Nicklas et al (Nicklas et al., 2015) suggest that, AT and RT interventions that include a 

weight loss component significantly decreases body mass and improves 400m walk gait speed, 

compared to AT-only or RT-only (Nicklas et al., 2015; Rejeski et al., 2011). Participants for these 

studies were sedentary older adults who were overweight or had obesity. Rejeski et al (2011) only 

included participants with CVD and provided AT as the physical activity intervention. Nicklas et 

al (2015) excluded individuals with heart disease and provided RT as the physical intervention. 

The WL intervention in both studies focused on caloric restriction. 

Rejeski et al (2011) compared AT-only, WL + AT, and successful aging (SA) and 

reported that the WL + AT group lost significantly more body mass compared to the AT-only and 

SA groups. Gait speed in the WL + AT also improved significantly compared to AT-only and SA 

groups. In addition, the authors also reported no differences in changes in body mass and gait 

speed between the AT-only and SA groups. 

Nicklas et al (2015) compared WL + RT to RT-only and reported that the WL + RT 

group lost significantly more body mass compared to the RT-only group and there was no change 

in body mass in the RT-only. The authors also reported that gait speed in the WL + RT group 

improved significantly compared to the RT-only group. 

These results from Rejeski et al (2011) and Nicklas et al (2015) demonstrates that AT or 

RT interventions that do not include a WL component do not decrease body mass or improve gait 

speed. However, adding a weight loss component resulted in decreased body mass and improved 

gait speed. 
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The effect of WL-only and WL + AT + RT on body composition, strength and function in 

older adults with obesity  

Studies of older adults with obesity have reported that adding AT + RT to WL-only 

decreases body mass and fat mass similarly to WL-only and may preserve muscle mass compared 

to WL-only (Frimel, Sinacore, & Villareal, 2008; Villareal et al., 2011). Research also suggests 

that AT + RT + WL results in greater improvements in absolute strength and function compared 

to WL-only (Messier et al., 2013; Villareal et al., 2011). The populations for these studies were 

sedentary older adults aged ≥ 55 years with overweight or obesity. They were similar to the 

CLIP-II participants, except the authors included individuals who did not have CVD or metabolic 

syndrome. Also, Messier et al (Messier et al., 2013) only included participants with knee pain and 

osteoarthritis, and Villareal et al (2011) and Frimel et al (2008) only included participants with 

mild to moderate frailty. Body composition (body mass, fat mass, muscle mass), was assessed 

using DXA, and the physical activity interventions were similar and included aerobic, strength, 

balance, and flexibility activities. The weight loss interventions were all focused on caloric 

restriction and both physical activity and weight loss interventions lasted between 6 to 18 months.  

Villareal et al and Frimel et al (Frimel et al., 2008; Villareal et al., 2011) reported no 

significant difference in changes in body mass and fat mass between AT + RT + WL and WL-

only. However, AT + RT + WL resulted in significantly less muscle mass loss compared to WL-

only. Messier et al (2013) and Villareal et al (2011) compared the influence of AT + RT + WL, 

and WL-only on function. Villareal et al (2011) also compared the influence of these 

interventions on strength. Villareal et al (2011) reported that AT + RT + WL had significantly 

greater increases in absolute strength compared to WL-only. 

Assessing the influence of AT + RT + WL, and WL-only on function, Messier et al 

(2013) reported greater improvements in 6-minute walk distance and, Villareal et al (2011) 

reported greater improvements in 4m gait in the AT + RT + WL group compared to WL-only. 
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However, Messier et al (2013) also reported no difference in 6m gait speed between AT + RT + 

WL and WL-only. 

Villareal et al (Villareal et al., 2011) also assessed the influence of WL + AT + RT and 

WL-only on body composition, strength and function. In summary, adding AT + RT to WL-only 

provided similar reduction in body mass and fat mass, preserved lean mass, and resulted in 

greater improvements in strength and function compared to WL-only. 

Effects of WL + AT, WL + RT and WL-only on body composition strength and function in 

older adults with obesity 

Villareal et al (Villareal et al., 2011) described the influence of adding AT + RT to WL-

only on body composition, strength, and function. However, in CLIP-II, AT and RT and WL 

were combined into 3 distinct intervention arms: WL + AT, and WL + RT, and WL-only. Studies 

have shown that adding AT to WL-only or RT to WL results in greater decreases in body mass 

and fat mass compared to WL-only. However, WL + AT results in greater decreases in muscle 

mass compared to WL + RT and WL-only (Beavers et al., 2017; Chomentowski et al., 2009; 

Villareal et al., 2017). 

In these studies, sample sizes ranged from 25 to 288 participants who were sedentary 

older adults with overweight or obesity. Chomentowski et al (2009) only included diabetics or 

participants with impaired fasting glucose or impaired glucose tolerance, Beavers et al ( 2017) 

was a secondary analysis of CLIP-II which only included participants with CVD or MetS and 

self-reported difficulty with mobility, and Villareal et al (2017) only included participants with 

mild to moderate frailty. Body composition (body mass, fat mass and muscle mass) was assessed 

using DXA and weight loss interventions were similar across studies, focusing on caloric 

restriction. Aerobic exercise interventions consisted of moderate intensity exercise using different 

modes, which included over ground walking, treadmill walking, stationary cycling, and stair 

climbing. Resistance exercise interventions were also similar across studies and intensities ranged 
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from 75 to 85% 1RM. Exercises were performed on machines and included both upper and lower 

body exercises. 

Beavers et al (Beavers et al., 2017) and Chomentowski et al (Chomentowski et al., 2009) 

compared WL + AT to WL-only. Chomentowski et al (2009) reported no significant difference in 

body mass and fat mass loss between WL + AT and WL-only. However, Beavers et al (2017) 

reported that WL + AT lost significantly greater body mass and fat mass compared to WL-only. 

Chomentowski et al (2009) also reported that WL-only lost significantly more muscle mass 

compared to WL + AT. However, Beavers et al (2017) reported that WL + AT lost significantly 

more muscle mass compared to WL-only. These equivocal results underscore the importance of 

future research in this area; however, it is important to note that Chomentowski et al (2009) 

included 29 subjects and 4-month interventions compared to Beavers et al (2017) which included 

249 participants and 18-month interventions. Beavers et al (2017) also compared the WL + RT to 

WL-only and reported that WL + RT lost significantly more body mass and fat mass compared to 

WL-only. There was also no significant difference in lean mass between WL + RT and WL-only. 

Beavers et al (2017) and Villareal et al (2017) compared WL + AT to WL + RT. Both studies 

reported no significant difference in body mass or fat mass between WL + AT and WL + RT. 

Also, WL + AT lost significantly more lean mass compared to WL + RT. 

Villareal et al (Villareal et al., 2017) also described the influence of WL + AT and WL + 

RT on strength and function and Rejeski et al (CLIP-II) (Rejeski et al., 2017) described the 

influence of WL + AT, WL + RT, and WL-only on strength and function. Rejeski et al (2017) 

reported that WL + AT and WL + RT resulted in greater improvements in absolute strength and 

gait speed compared to WL-only. Villareal et al (2017) and Rejeski et al (2017) reported no 

difference in gait speed between WL + AT and WL + RT. The authors also found equivocal 

results for strength. Rejeski et al (2017) reported no difference in strength between WL + AT and 

WL + RT, However Villareal et al (2017) reported that WL + RT resulted in greater 
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improvements in strength compared to WL + AT. This difference in the response to WL + RT in 

these studies may be due to differences in strength measurement as Rejeski et al (2017) used 

concentric knee extensor strength and Villareal et al (2017) used 1RM testing of various upper 

body and lower body muscle groups. 

As described in the previous paragraph, Rejeski et al (Rejeski et al., 2017) using the 

CLIP-II data set, examined the effect of WL + AT, WL + RT, and WL-only on strength and 

function.  Beavers et al (Beavers et al., 2017) conducted a secondary analysis of CLIP-II and 

described the influence of the WL + AT, WL + RT and WL-only on body composition. 

Combining results from Rejeski et al (2017) and Beavers et al (2017) allows us to assess the 

influence of WL + AT, WL + RT, and WL-only on body composition, strength, and function. 

Villareal et al (Villareal et al., 2017) also examined the influence of WL + AT and WL + RT on 

body composition, strength, and function. 

Rejeski et al (2017) reported that WL + AT and WL + RT resulted in greater 

improvements in gait speed compared to WL-only. This was expected as Beavers et al (2017) 

reported that WL + AT and WL + RT resulted in greater decreases in fat mass, and previous 

studies have found a negative association between fat mass and function (Bouchard et al., 2010; 

Woo et al., 2007). Rejeski et al (2017) also reported that WL + AT and WL + RT resulted in 

greater improvements in absolute strength compared to WL-only. Beavers et al (2017) reported 

that there were no differences in changes in muscle mass between WL + RT and WL-only, and 

WL + AT lost significantly more muscle mass that WL-only. Combining the observations from 

Rejeski et al (2017) and Beavers et al (2017) suggests that greater muscle mass did not lead to 

greater strength. This supports earlier described studies that showed very small associations 

between muscle mass and strength (Goodpaster et al., 2006). These results also indicate that WL 

+ AT and WL + RT may have resulted in greater improvements in strength relative to muscle 

mass (muscle quality) compared to WL-only. This may be another reason why WL + AT and WL 
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+ RT resulted in greater improvement in gait speed compared to WL-only, as relative strength is 

positively associated with function (Misic et al., 2007). 

Villareal et al (Villareal et al., 2017) and Rejeski et al (Rejeski et al., 2017) reported no 

difference in gait speed between WL + AT and WL + RT. Rejeski et al (2017) reported no 

difference in strength between WL + AT and WL + RT, however, Villareal et al (2017) reported 

greater improvements in strength in the WL + RT group compared to WL + AT. These results 

from Rejeski et al (2017) are expected as strength is associated with gait speed (Buchner et al., 

1996; Buchner & de Lateur, 1991; Ferrucci et al., 1997; Jette et al., 1998; Marsh et al., 2006). 

Also Beavers et al (2017) reported that WL + AT lost more muscle mass than WL + RT. 

Combining this with results from Rejeski et al (2017) who reported no difference in strength 

between WL + AT and WL + RT, indicates that strength relative to muscle mass (muscle quality) 

may have improved in this group. The gait speed results from Villareal et al (2017) were not 

expected as WL + RT had increased strength compared to WL + AT, and increased strength is 

typically associated with improved function. 

Beavers et al (2017) also assessed the associations between changes in body composition, 

changes in strength, and changes in function following WL + AT, WL + RT, and WL-only. The 

authors conducted two regression models with change in strength and change in function as the 

dependent variables respectively. There were no interactions between the treatment groups, nor 

the change in lean mass and the changes in fat mass in either model. Combining the treatment 

groups, the authors reported that changes in body mass and changes in fat mass, but not changes 

in lean mass, were significant predictors of changes in function. They also reported that changes 

in lean mass but not changes in body mass nor changes in fat mass were a significant predictor of 

changes in strength. 
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Summary 

Observational studies describe the associations between strength, function, and body 

composition, and experimental studies show how these variables are influenced by weight loss 

and exercise interventions. However, experimental studies also show that differential changes in 

body mass may moderate the relationship between strength and gait speed. We propose that at 

lower levels of fat mass and body mass there is a stronger relationship between strength and 

function compared to higher levels of fat mass and body mass, which may have implications for 

interventions to improve function. 

To our knowledge there are no studies that assess whether the association between 

strength and function is moderated by body composition. Therefore, the purpose of this thesis is 

to assess whether body composition moderates the relationship between strength and mobility, 

following WL + AT, WL + RT, or WL-only interventions, in older adults with obesity, who have 

CVD and/or metabolic syndrome. We hypothesize that at baseline fat mass, but not lean mass, 

will moderate the association between absolute strength and 400m gait speed. Due to the 

influence of the interventions on body composition, strength, and gait speed, we also hypothesize 

that changes in fat mass but not changes in lean mass will moderate the association between 

changes in absolute strength and changes in 400m gait speed in all three intervention groups. 
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Methods 

Overview 

As previously described, this thesis is a secondary analysis of data collected in the 

Cooperative Lifestyle Intervention Program-II (CLIP-II) study. The following paragraphs briefly 

describe the methods used in CLIP-II and this thesis, for a detailed description of the methods for 

CLIP-II see Marsh et al (Marsh et al., 2013). CLIP-II was a multi-site, single blinded, randomized 

controlled trial involving three YMCAs in Forsyth County, NC. In total 249 older adults with 

obesity who had Metabolic Syndrome and/or CVD were randomized into three 18-month 

interventions, which included WL+AT, WL+RT, and WL-only. Enrollment occurred between 

September 2012 and February 2014 with the last follow up visit in September 2015. In this thesis 

we included all 249 participants in our analysis and only analyzed data from the first 6 months of 

the trial. The institutional review board of Wake Forest University approved the testing protocol 

and all participants provided informed consent. 

Participants, eligibility, and screening 

Participants were identified from the greater Winston-Salem, NC area using direct 

mailing. To be eligible to participate CLIP-II participants had to be community dwelling older 

adults aged 60-79 years, and have documented evidence of CVD (myocardial infarction (MI), 

percutaneous coronary transplant intervention (PCTI), chronic stable angina, cardiovascular 

surgery) or an ATP III diagnosis of MetS. Participants also had to have low levels of structured 

physical activity (less than 60 minutes of moderate intensity physical activity per week), self-

reported difficulty with their mobility, and overweight or obesity (BMI ≥ 28 and ≤ 42). Potential 

participants were initially screened by telephone and eligible/interested participants were invited 

to an initial screening/baseline visit, where initial assessments included: informed consent; 

medical history; cognitive function assessed using the Montreal Cognitive Assessment (MoCA); 

fasting blood draw to determine CVD or MetS eligibility; body mass, height, waist 
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circumference, and resting blood pressure measured, and BMI calculated; Short Physical 

Performance Battery (SPPB); and 400 meter walk test, were performed. Each participant’s 

primary care physician was provided with a description of the study weight loss and physical 

activity program, and study inclusion/exclusion criteria and asked to approve his/her patient for 

participation in the study.   

Study Assessments 

Study assessments were conducted at baseline and 6 months and are described in detail 

below. They included assessments of quadricep strength and physical function (400m gait speed), 

and body composition (lean mass and fat mass). Technicians who conducted the study 

assessments were blinded to the treatment conditions. 

400-meter walk test 

Participants were asked to walk 400 meters (10 laps of a 20-meter course between 2 

cones) as quick as possible and the time for completion was recorded. Standard encouragement 

was given, and participants were reminded of the number of laps completed and the number 

remaining (Marsh et al., 2013). The reliability and validity of the 400 meter walk are excellent 

(Rolland et al., 2004). 

Knee extensor muscle strength 

Concentric knee extensor strength for the dominant limb (unless contraindicated) was 

assessed using a HUMAC. The participant was seated with their hips at 95 degrees and knees 

flexed at 90 degrees.  To stabilize the hip joint and trunk, subjects were restrained with straps at 

the chest, hip, and thigh. Seat height and depth, and lever length, was recorded for each 

participant and used in follow up testing. The lever arm pad was positioned 2 cm proximal to the 

anterior ankle crease. The knee joint center (lateral femoral condyle) was aligned with the axis of 

rotation of the dynamometer. Start (towards) and stop (away) angles were set at 90 degrees and 
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30 degrees respectively (0 deg = full extension). Gravity effect torque was calculated based on the 

weight of the subject’s leg at a 45-degree angle. They completed a warm-up of 6 to 8 trials with a 

moderate effort at and angular velocity of 120 degrees per second (deg/s) to familiarize 

themselves with the movement. For maximal effort trials, an angular velocity of 60 deg/s was 

used through a joint range of motion from 90 to 30 degrees (0 degrees = full extension). Two 

trials of 4 maximal efforts were conducted and the 2 highest efforts were averaged. Standardized 

instructions and verbal encouragement were given in each trial. Muscle strength was assessed by 

peak torque (Nm). Participants experiencing pain or those that had replacements on the dominant 

limb, had the non-dominant limb tested. 

Body composition 

Body composition measures including whole body and regional fat mass, muscle mass 

and bone mineral density were assessed using dual-energy X-ray absorptiometry (DXA) scans, 

which were obtained using Lunar iDXA (GE Medical systems, Madison, WI). Fat free mass (lean 

mass) was calculated as the sum of muscle mass and bone mineral content. 

YMCA staff training 

The YMCA staff training occurred in 3 stages. Initially they had 6 days of training 

amounting to 12 hours total, delivered by the behavioral specialist, registered dietitian (RD), and 

the principle investigators. Training included: introduction to study investigators and staff; CLIP-

II study design and protocol; an overview of the nutrition philosophy and approach to weight loss 

and information resources; group education and facilitation tools, techniques and strategies; 

walking and strength training theory, goals, and progression, and safety monitoring and event 

management; and instruction on data management duties and participant retention strategies. All 

YMCA staff involved in the study also completed Collaborative IRB Training Initiative (CITI) 

training and had to be Cardiopulmonary Resuscitation (CPR) certified.  
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The second phase of the training involved weekly weight loss content and performance 

monitoring. During the first 8 weeks of the study, the CLIP-II behavioral specialist and RD were 

present at each weight loss group meeting to monitor content delivery. They also met weekly for 

1 hour with YMCA staff for the first 6 months of the study. This time was spent reviewing 

participants’ data (e.g., adherence issues, percent WL, AT and TR progressions) and potential 

known barriers (e.g., caregiving, traveling, illness or injury, etc.) towards weight loss and/or 

physical activity. YMCA staff were trained on session content, methods to facilitate group 

dynamics, and interpersonal skill development 

Interventions 

Weight loss 

All three treatment arms received the same weight loss intervention. During the intensive 

phase (baseline – 6-months) participants met at the YMCA for 3 group sessions and 1 individual 

session per month, with each session lasting 60 mins. The main objective of the weight loss 

intervention was to decrease caloric intake in a nutritionally sound manner to elicit a 0.3 kg/week 

weight loss. Calorie goals were based on individuals starting weight, <250 lbs. = 1200-1500 kcals 

and ≥250 = 1500-1800. 

The weight loss intervention was grounded in Social Cognitive Theory and group 

dynamics literature; it used self-regulation for portion control and eating mindfully rather than 

habitually. To do this, participants recorded their daily food intake and were shown how to 

accurately calculate food intake by measuring, weighing, and approximating, using cups, spoons, 

a food scale, or other items such as a tennis ball or deck of cards. At the end of each week, 

participants reflected on their past eating behaviors and answered a question regarding their 

satisfaction with their eating behaviors. Although participants were provided with a calorie range 

based on their baseline weight (less than 250 lbs. = 1200-1500 kcals; ≥ 250 lbs. = 1500-1800 

kcals) they gained insight by averaging their weekly caloric and fat gram intake and created a 
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more specific range that allowed them to lose 1-2 lbs per week. YMCA group leaders facilitated 

discussions focusing on ways to meet their weight loss goals and monitored and identified 

participants who were consistently losing more than 1-2 lbs per week or those struggling to reach 

their 10% goal at 6 months. To address these issues, the staff consulted the study RD and 

behavioral specialist. 

In addition to monitoring food and fluid intake, participants also monitored their weight, 

thoughts and emotions, and support systems towards their weight loss and physical activity 

efforts. Participants weighed themselves weekly and compared it to their average caloric intake 

for that week. This approach helped create awareness of what caloric intake range it would take 

to not only lose, but also maintain weight. Participants also became aware of their thoughts and 

feelings that influenced their weight loss efforts, which allowed them to slow down their process 

of making a decision (i.e., to give in to cravings or postpone it) instead of reacting to their 

thoughts or feelings. Furthermore, participants identified their support systems to help keep them 

motivated to lose weight and meet their physical activity goals. In addition to self-monitoring 

weight, participants were asked to come up with other ways to find successes (e.g., recognizing 

reductions from waistline, smaller size clothing, emotional or physical changes, mobility 

improvements). 

Weight loss + aerobic training 

Aerobic training occurred 4 days/week, with the primary mode being walking on an 

indoor cushioned track. All sessions were supervised by the YMCA staff and monitored using the 

FitLinxx software. To prescribe the intensity for walking, the investigators used Borg RPE scale 

and aimed to achieve a goal of 45 minutes per session with a walking intensity of 12-14 on the 

RPE scale. The authors used RPE to measure exercise intensity in both exercise groups. In the 

WL + AT group, the investigators used RPE instead of heart rate to measure intensity because 

heart rate is not as reliable in this population. Arrythmias and atrial fibrillation are common in 
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older adults and certain medications may affect heart rate. This population is also at higher risk 

for these conditions compared to an active, normal weight population of their age, making it 

challenging to prescribe a heart rate intensity goal. 

Weight loss + resistance training 

Resistance training also occurred 4 days/week to ensure that the time devoted to 

resistance training and aerobic training was comparable. The aim was to achieve a goal of 45 

minutes of training, including both the weightlifting and rest periods between sets or exercises. 

The investigators used Cybex resistance machines with weight stacks that were instrumented with 

the FitLinxx hardware. During each session participants completed 8 exercise machines at an 

intensity of 15–18 on the PRE scale. Resistance was determined using 1RM testing and increased 

in the following manner: 40 to 50% of 1RM with 1 set of 10-12 repetitions in week 1, to 50 to 

60% of 1RM with 2 sets of 10-12 repetitions in week 2, and 70% of 1RM with 3 sets of 10-12 

repetitions in weeks 3-12. From week 13 onwards, the intensity increased to 75% of 1RM. To 

ensure progressive overload in the musculoskeletal system, from week 13 onward participants 

performed 2 sets of 10-12 repetitions, followed by a third set in which the goal was to complete 

as many repetitions of the exercise as possible. Once the participant completed >12 repetitions in 

the third set for two consecutive training days the resistance was increased. 

To assist with recovery time, participants followed a Day 1 and Day 2 schedule. Day one 

consisted of the following resistance training machines: leg press, hip adduction, hip abduction, 

calf extension, seated row, pec fly, shoulder press, and rotary torso. Day 2 consisted of: leg 

extension, leg curl, lateral pull down, seated chest press, lateral raise, arm curl, triceps extension, 

and abdominal crunch. Participants were instructed to perform the full range of motion for the 

concentric movement in 0.5 seconds and then 2.0 seconds for the eccentric phase. 
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Statistical analysis 

All statistical analyses were performed using SPSS software (version 26.0 IBM). All 

baseline analyses included the study sample as one group since the variation was evenly 

distributed due to randomization into the three intervention groups. Baseline descriptive statistics 

were assessed and are reported as means ± standard deviations or frequencies and percentages 

(Table 1). In all the analyses significance was established as a P value <0.05. At baseline we also 

assessed Pearson partial correlations between knee extensor strength (strength), 400m gait speed 

(function), fat mass and lean mass (body composition), while controlling for wave, gender, and 

age. Due to the large sample size and limited resources for initial testing, participants were 

recruited and randomized in waves. Thus, a wave represents a group of approximately 20 

participants who were recruited and individually randomized into the study. The correlations are 

presented in Table 2 and graphically in Figure 2. 

We also conducted a regression analysis to assess whether fat mass or lean mass (body 

composition) moderated the association between knee extensor strength (strength) and 400m gait 

speed (function) at baseline. We centered all the continuous variables to avoid multicollinearity. 

We then created the interaction terms strength x fat mass, and strength x lean mass. To create 

these terms, we firstly conducted a median split of the variables fat mass and lean mass, changing 

them into categorical variables. We then multiplied strength by the new categorical variables 

created from fat mass and lean mass to create the interaction terms. If either of these interaction 

terms are significant in the final model, then moderation was deemed to be present. This model 

was assessed for the assumptions of linear regression: linearity, homoscedasticity, 

multicollinearity, outliers, and normality. The results from the regression analysis is presented in 

Table 3. 

To assess the correlations between changes in knee extensor strength, changes in 400m 

gait speed, and changes in body composition, and further their influence on changes in body 
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composition as a moderator of the association between changes in knee extensor strength and 

changes in 400m gait speed, within each of our intervention groups, we split the data into the 3 

intervention groups and all results are reported separately for each group. We then created change 

scores for knee extensor strength (strength), 400m gait speed (function), and fat mass and lean 

mass (body composition) by taking data collected at six months and subtracting them by the 

baseline data. We used data collected at six months instead of eighteen months because this was 

the intensive weight loss phase, which resulted in greater changes in body composition, and to 

limit the number of dropouts included in the analyses. We assessed Pearson partial correlations 

for the change scores of strength, function, and body composition, controlling for gender, wave, 

and age. The correlations are reported in Tables 4, 5, and 6 and graphically in Figures 3, 4, and 5. 

We also conducted a regression analysis to assess whether changes in lean mass and fat 

mass (body composition) moderated the association between changes in knee extensor strength 

(strength) and changes in 400m gait speed (function). We created two interaction terms: strength 

change x fat mass change and strength change x lean mass change. To create these terms, we first 

conducted a median split of the fat mass change and lean mass change, turning them into 

categorical variables. We then multiplied strength change by the new categorical variables 

created from fat mass change and lean mass change to create the interaction terms. If either of 

these interaction terms are significant in the final model, then moderation was deemed to be 

present. The analyses did not violate the assumptions of linear regression: linearity, 

homoscedasticity, multicollinearity, outliers, and normality. The results from the regression 

analysis is presented in Tables 7, 8, and 9. 

Lastly, although splitting the regression analyses by group allows us to assess for 

moderation in each individual group, we cannot compare the groups using this method. 

Therefore, to compare the groups, we ran two additional regression analyses split not by group 

but rather coding dummy variables which allowed us to include all the groups in one model, thus 
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comparing the groups. In the first analysis we coded a dummy variable which combined AT + 

WL and RT + WL into an exercise variable (Exercise). We then created two three-way interaction 

terms (Exercise x strength x fat and Exercise x strength x lean) by multiplying Exercise x strength 

change x categorical fat mass change and Exercise x strength change x categorical lean mass 

change. After creating the three-way interactions, we created two-way interactions based on the 

three-way interactions by multiplying Exercise x strength change, Exercise x categorical fat mass 

change, strength change x categorical fat mass change, Exercise x categorical lean mass change, 

and strength change x categorical lean mass change. The initial models included all the 

interactions, however, the final model only included interactions where p<0.1. In the final model, 

if any of the interaction terms which included Exercise were significant, this would indicate a 

significant difference compared to the WL-only group, which served as the reference group. 

In the second analysis we coded dummy variables AT to represent AT + WL and RT to 

represent RT + WL. We then created two three-way interaction terms by multiplying RT x 

strength change x categorical fat mass change and RT x strength change x categorical lean mass 

change. The interaction terms only included RT because AT serves as the reference in the final 

model. After creating the three-way interactions, we created two-way interactions based on the 

three-way interactions by multiplying RT x strength change, RT x categorical fat mass change, 

strength change x categorical fat mass change, RT x lean mass change, and strength change x 

categorical lean change. The initial models included all the interactions, however the final model 

only included interactions where p<0.1. In the final model, if any of the interaction terms which 

included RT were significant, this would indicate a significant difference compared to AT, which 

served as the reference group. When running the final model, we filtered out the WL-only group, 

which allowed us to use AT as the reference group. 
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Results 

Sample characteristics at baseline 

Table 1 provides baseline characteristics for the entire sample and for specific treatment 

groups. Overall, the sample was predominantly female (71%) and the average age and BMI was 

66.8 years and 34.4 kg/m2 respectively. In addition, 210 participants (84.3%) had MetS and 65 

(26.1%) had CVD. Average knee extensor strength and 400m gait speed were 95.4 Nm and 1.22 

m/s respectively. Lastly, mean total body fat mass and total body lean mass were 49.3 kg and 

42.3 kg respectively. The three intervention groups were similar on all these characteristics. 

Table 1: Sample characteristics (mean ± standard deviation or N (%)) 

 
WL + AT 

(n=86) 

WL + RT  

(n=81) 

WL-only 

(n=82) 

Combined 

(n=249) 

Age (yrs) 67.4 ± 5.1 66.9 ± 4.4 66.2 ± 4.5 66.8 ± 4.7 

Female (N/%) 62 / 72.1% 56 / 69.1% 59 / 72.0% 177 / 71.1% 

BMI (kg/m2) 33.8 ± 3.5 34.78 ± 3.6 34.7 ± 3.9 34.4 ± 3.7 

MetS (N/%) 71 / 82.6% 68 / 84.0% 71 / 86.6% 210 / 84.3% 

CVD (N/%) 24 / 27.9% 22 / 27.2% 19 / 23.2% 65 / 26.1% 

Knee Extensor Strength (Nm) 93.9 ± 36.5 94.1 ± 34.2 98.2 ± 35.0 95.4 ± 35.4 

400m Gait Speed (m/s) 1.22 ± 0.2 1.21 ± 0.1 1.24 ± 0.2 1.22 ± 0.1 

Fat mass (kg) 48.3 ± 9.3 49.9 ± 10.2 49.9 ± 10.8 49.3 ± 10.1 

Lean mass (kg) 41.4 ± 7.5 43.0 ± 8.1 42.5 ± 8.8 42.3 ± 8.1 

Note: BMI - Body Mass Index; MetS - metabolic syndrome; CVD - cardiovascular disease. 
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Baseline correlations 

The baseline correlations between knee extensor strength, 400m gait speed, fat mass, and 

lean mass are reported in Table 2. There was a significant positive association between knee 

extensor strength and 400m gait speed, indicating that stronger individuals had faster gait speeds. 

Fat mass was significantly positively associated with knee extensor strength and significantly 

negatively associated with 400m gait speed. This indicated that individuals with greater fat mass 

tended to be stronger, however they had slower gait speed. Lean mass was significantly 

associated with knee extensor strength, indicating that individuals with greater lean mass had 

greater strength. However, lean mass was not significantly associated with 400m gait speed. 

Table 2: Baseline Pearson partial correlations (Pearson partial r, p) 

 Strength Gait Speed Fat Mass Lean Mass 

Strength 1.000 0.329, <0.001 0.148, 0.022 0.437, <0.001 

Gait Speed 0.329, <0.001 1.000 -0.256, <0.001 -0.048, 0.460 

Fat Mass 0.148, 0.022 -0.256, <0.001 1.000 0.549, <0.001 

Lean Mass 0.437, <0.001 -0.048, 0.460 0.549, <0.001 1.000 

Note. Strength – knee extensor strength; gait speed – 400m walk gait speed; Total body fat 

mass and total body lean mass; adjusted for wave, gender, and age. 
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Figure 3: Baseline correlations 

   

 

 

     

 

 

Note. These are raw score, unadjusted scatter plots. 
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Baseline regression 

The results from the baseline regression analysis are reported in Table 3. The regression 

model included the independent variables: knee extensor strength, fat mass, lean mass, the 

interactions: strength x fat and strength x lean, and the covariates: gender and age to predict 400m 

gait speed. The overall model significantly predicted 400m gait speed (p<0.001, adj R2=0.268). 

Strength was a significant predictor; however, lean mass and fat mass were not. Since our aim 

was to assess the moderating effect of body composition on the association between knee 

extensor strength and 400m gait speed, it is important to note that neither the interaction between 

strength x fat mass nor strength x lean mass were significant predictors in the regression. 

Table 3: Baseline regression analysis to assess body composition as a moderator of strength 

and gait speed 

Variable B SEB β P-Value 

Gender (reference: female) 0.009 0.036 0.022 0.796 

Age -0.008 0.002 -0.198 <0.001 

Strength 0.003 0.001 0.488 0.001 

Fat Mass -0.062 0.062 -0.162 0.319 

Lean Mass -0.065 0.077 -0.172 0.397 

Strength x Fat Mass 0.000 0.001 -0.002 0.989 

Strength x Lean Mass 0.000 0.001 0.020 0.944 

Note. B = unstandardized regression coefficient; SEB = Standard error of the coefficient; β = 

standardized regression coefficient; dependent variable = 400m gait speed. 
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Figure 4a: Baseline Moderation 

 

Figure 4b: Baseline Moderation  
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Six-month change score correlations 

The six-month change correlations for the intervention groups WL + AT, WL + RT, and 

WL-only are reported in Tables 4, 5, and 6 respectively. In the WL + AT group there were no 

significant correlations between any of the variables except for significant positive associations 

between the change in strength and the change lean mass and, the change in fat mass and the 

change in lean mass. This indicates that an increase in lean mass was associated with an increase 

in strength, and individuals who gained lean mass also gained strength (Figure 3c). This also 

shows that a decrease in fat mass was associated with a decrease in lean mass, and individuals 

who lost fat mass tended to lose lean mass (Figure 3f). 

Table 4: WL + AT six-month change Pearson partial correlation (Pearson partial r, p) 

 Δ Strength Δ Gait Speed Δ Fat Mass Δ Lean Mass 

Δ Strength 1.000 0.159, 0.184 0.196, 0.100 0.280, 0.017 

Δ Gait Speed 0.159, 0.184 1.000 -0.013, 0.915 -0.003, 0.979 

Δ Fat Mass 0.196, 0.100 -0.013, 0.915 1.000 0.370, 0.001 

Δ Lean Mass 0.280, 0.017 -0.003, 0.979 0.370, 0.001 1.000 

Note. Strength – knee extensor strength; gait speed – 400m walk gait speed; Total body fat 

mass and total body lean mass; adjusted for wave, gender, and age. 
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Figure 5: WL + AT six-month change correlations 

  

 

  

 

 
Note. These are raw score, unadjusted scatter plots. 
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In the WL + RT group there was a significant positive association between the change in 

fat mass and the change in lean mass and a negative association between the change in 400m gait 

speed and the change in fat mass. This indicates decreased fat mass was associated with 

decreased lean mass, and individuals who lost fat mass also tended to lose lean mass (Figure 4f). 

These results also indicate that decreased fat mass was associated with increased gait speed, and 

individuals who lost fat mass tended to have faster gait speed (Figure 4d). There were no other 

significant correlations. 

Table 5: WL + RT six-month change Pearson partial correlations (Pearson partial r, p) 

 Δ Strength Δ Gait Speed Δ Fat Mass Δ Lean Mass 

Δ Strength  1.000 -0.093, 0.445 0.084, 0.487 0.109, 0.370 

Δ Gait Speed -0.093, 0.445 1.000 -0.242, 0.043 -0.020, 0.869 

Δ Fat Mass 0.084, 0.487 -0.242, 0.043 1.000 0.336, 0.004 

Δ Lean Mass 0.109, 0.370 -0.020, 0.869 0.336, 0.004 1.000 

Note. Strength – knee extensor strength; gait speed – 400m walk gait speed; Total body fat 

mass and total body lean mass; adjusted for wave, gender, and age. 

  



 

45 
 

 

Figure 6: WL + RT six-month change correlations 

  

 

  

 

 
Note. These are raw score, unadjusted scatter plots. 
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In the WL-only group there were significant positive associations between the change in 

knee extensor strength and the change in 400m gait speed, and the change in fat mass and the 

change in lean mass. This indicates that individuals who increased strength tended to have faster 

gait speed (Figure 5a). The results also indicate that decreased fat mass was associated with 

decreased lean mass, that is, individuals who lost fat mass also tended to lose lean mass (Figure 

5f). There were no other significant correlations. 

Table 6: WL-only six-month change Pearson partial correlations (Pearson partial r, p) 

 Δ Strength Δ Gait Speed Δ Fat Mass Δ Lean Mass 

Δ Strength  1.000 0.297, 0.019 0.099, 0.445 0.090, 0.486 

Δ Gait Speed 0.297, 0.019 1.000 -0.115, 0.372 -0.047, 0.714 

Δ Fat Mass 0.099, 0.445 -0.115, 0.372 1.000 0.508, <0.001 

Δ Lean Mass 0.090, 0.486 -0.047, 0.714 0.508, <0.001 1.000 

Note. Strength – knee extensor strength; gait speed – 400m walk gait speed; Total body fat 

mass and Total body lean mass: adjusted for wave, gender, and age. 
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Figure 7: WL-only six-month change correlations 

  

 

  

 

 
Note. These are raw score, unadjusted scatter plots. 
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Six-month change score regression analysis 

The six-month change regression analyses for the intervention groups WL + AT, WL + 

RT, and WL-only are reported in Tables 7, 8, and 9 respectively. The regression analyses 

included the independent variables knee extensor strength change, fat mass change, lean mass 

change, the interactions; strength change x fat change and strength change x lean change, baseline 

knee extensor strength, baseline 400m gait speed, baseline fat mass, baseline lean mass, and the 

covariates; gender and age to predict 400m gait speed change. 

In the WL + AT group (Table 7) the overall model significantly predicted the change in 

400m gait speed (p = 0.042, adj R2 = 0.131). However, none of the change scores nor the change 

scores interactions were significant predictors. Baseline 400m gait speed and age were the only 

significant predictors of the change in 400m gait speed. 

Table 7: WL + AT six-month change regression analysis to assess body composition as a 

moderator of strength and gait speed 

Variable B SEB β P-Value 

Gender (reference: female) 0.007 0.065 0.028 0.909 

Age -0.007 0.003 -0.309 0.015 

Baseline Strength 0.001 0.001 0.298 0.198 

Baseline Gait Speed -0.202 0.088 -0.342 0.024 

Baseline Fat Mass 0.000 0.000 -0.127 0.399 

Baseline Lean Mass 0.000 0.000 0.209 0.496 

Δ Strength 0.002 0.001 0.283 0.224 

Δ Fat Mass -0.037 0.029 -0.151 0.207 

Δ Lean Mass -0.025 0.030 -0.100 0.419 

Δ Strength x Δ Fat 0.000 0.002 0.007 0.971 

Δ Strength x Δ Lean  0.000 0.002 -0.032 0.841 

Note. B = unstandardized regression coefficient; SEB = Standard error of the coefficient; β = 

standardized regression coefficient; dependent variable = 400m gait speed change. 
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In the WL + RT group (Table 8) the overall model significantly predicted the change in 

400m gait speed (p = 0.001, adj R2 = 0.272). Fat mass change, baseline 400m gait speed, baseline 

fat mass, and age were all significant predictors. Our purpose was to assess the influence of 

changes in body composition on the association between the change in strength and the change in 

function. Thus, it is important to note that the change in fat mass significantly contributed to the 

regression equation, but neither the interactions strength change x fat mass change nor strength 

change x lean mass change were significant predictors. 

Table 8: WL + RT six-month change regression analysis to assess body composition as a 

moderator of strength and gait speed 

Variable B SEB β P-Value 

Gender (reference: female) 0.004 0.057 0.017 0.942 

Age -0.008 0.003 -0.326 0.006 

Baseline Strength -0.001 0.001 -0.236 0.202 

Baseline Gait Speed -0.234 0.085 -0.329 0.008 

Baseline Fat Mass 0.000 0.000 -0.469 0.002 

Baseline Lean Mass 0.000 0.000 0.372 0.107 

Δ Strength  0.000 0.001 -0.038 0.859 

Δ Fat Mass  -0.067 0.029 -0.277 0.025 

Δ Lean Mass 0.016 0.028 0.068 0.566 

Δ Strength x Δ Fat  0.000 0.002 0.014 0.275 

Δ Strength x Δ Lean -0.002 0.002 -0.244 0.275 

Note. B = unstandardized regression coefficient; SEB = Standard error of the coefficient; β = 

standardized regression coefficient; dependent variable = 400m gait speed change. 
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In the WL-only group the overall model did not significantly predict the change in 400m 

gait speed (p = 0.104, adj R2 = 0.104). None of the change scores nor the change scores 

interactions were significant predictors. None of the covariates and independent variables were 

significant predictors. However, the change in strength and the change in fat mass approached 

significance. 

Table 9: WL-only six-month change regression analysis to assess body composition as a 

moderator of strength and gait speed 

Variable B SEB β P-Value 

Gender (reference: female) -0.094 0.058 -0.421 0.113 

Age -0.005 0.003 -0.213 0.121 

Baseline Strength 0.001 0.001 0.289 0.272 

Baseline Gait Speed -0.171 0.092 -0.311 0.069 

Baseline Fat Mass 0.000 0.000 -0.191 0.241 

Baseline Lean Mass 0.000 0.000 0.416 0.173 

Δ Strength  0.003 0.001 0.475 0.056 

Δ Fat Mass  -0.053 0.031 -0.256 0.095 

Δ Lean Mass 0.013 0.026 0.063 0.629 

Δ Strength x Δ Fat  -0.001 0.002 -0.140 0.552 

Δ Strength x Δ Lean 0.000 0.002 0.024 0.907 

Note. B = unstandardized regression coefficient; SEB = Standard error of the coefficient; β = 

standardized regression coefficient; dependent variable = 400m gait speed change. 
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Six Month regressions comparing Exercise to WL-only 

Results from the regression analysis comparing Exercise (WL + AT and WL + RT) to 

WL-only are presented in Table 10. After removing all interactions with a p value <0.1, the final 

model included the independent variables; baseline strength, baseline gait speed, baseline fat 

mass, and baseline lean mass, the covariates gender and age, the two-way interaction Exercise x 

strength. The overall model significantly predicted the change in 400m gait speed (p <0.001, adj 

R2 = 0.218). The interaction Exercise x strength was p = 0.054. This indicates that the relationship 

between the change in knee extensor strength and the change in 400m gait speed is not 

significantly different when comparing Exercise to WL-only. 

Table 10: Regression analysis to compare differences between Exercise (WL + AT and WL 

+ RT) and WL-only 

Variable B SEB β  P-Value 

Gender (reference: female) -0.028 0.033 -0.108 0.388 

Age -0.007 0.002 -0.272 0.000 

Exercise  0.055 0.016 0.215 0.001 

Baseline Strength 0.000 0.000 0.048 0.675 

Baseline Gait Speed -0.203 0.049 -0.318 0.000 

Baseline Fat Mass 0.000 0.000 -0.268 0.001 

Baseline Lean Mass 0.000 0.000 0.331 0.022 

Δ Strength  0.002 0.001 0.261 0.033 

Δ Fat Mass -0.052 0.016 -0.219 0.001 

Δ Lean Mass -0.005 0.015 -0.020 0.752 

Exercise x Δ Strength -0.002 0.001 -0.222 0.054 

Note. B = unstandardized regression coefficient; SEB = Standard error of the coefficient; β = 

standardized regression coefficient; dependent variable = 400m gait speed change. 
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Figure 8: Group assignment (WL-only and Exercise) as a moderator 
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Results from the regression analysis comparing AT (WL + AT) to RT (WL + RT) is 

presented in Table 11. After removing all interactions with a p value <0.1, the final model 

included the independent variables; baseline strength, baseline gait speed, baseline fat mass, and 

baseline lean mass, the covariates gender and age, the two-way interaction RT x strength. The 

overall model significantly predicted the change in 400m gait speed (p <0.001, adj R2 = 0.175). 

The interaction RT x strength was a significant predictor indicating that the association between 

the change in knee extensor strength and the change in 400m gait speed was significantly 

different between the AT (WL + AT) and RT (WL + RT) groups. 

Table 11: Regression analysis to compare differences between AT (WL + AT) and RT (WL 

+ RT) 

Variable B SEB β P-Value 

Gender (reference: female) -0.008 0.034 -0.030 0.816 

Age -0.007 0.002 -0.284 <0.000 

Baseline Strength 0.000 0.000 0.025 0.833 

Baseline Gait Speed -0.221 0.050 -0.345 <0.000 

Baseline Fat Mass 0.000 0.000 -0.270 0.001 

Baseline Lean Mass 0.000 0.000 0.299 0.043 

WL + RT -0.015 0.017 -0.060 0.375 

Δ Strength  0.001 0.001 0.195 0.024 

Δ Fat Mass -0.070 0.016 -0.296 <0.000 

Δ Lean Mass 0.003 0.016 0.012 0.860 

RT x Δ Strength  -0.002 0.001 -0.162 0.042 

Note. B = unstandardized regression coefficient; SEB = Standard error of the coefficient; β = 

standardized regression coefficient; dependent variable = 400m gait speed change. 
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Figure 9: Group assignment (RT and AT) as moderator 
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Discussion 

Main results 

The main results of this thesis can be broken down into analyses conducted using 

baseline and six-month change score data. At baseline, the matrix of bivariate correlations 

between knee extensor strength, 400m gait speed, and body composition (fat mass and lean mass) 

showed that except for the correlation between lean mass and 400m gait speed, there were 

significant associations between all these variables. The baseline regression model showed that 

knee extensor strength was the only significant predictor of 400m gait speed, and neither the 

interaction strength x fat mass nor the interaction strength x lean mass were significant. This 

indicated that body composition did not moderate the association between knee extensor strength 

and 400m gait speed, that is the association between knee extensor strength and 400m gait speed 

was not influenced by different levels of body composition. 

Using six-month change scores, there were significant correlations between the change in 

knee extensor strength and the change in 400m gait speed in the WL-only group, the change in 

lean mass and the change in knee extensor strength in the WL + AT group, and the change in fat 

mass and the change in 400m gait speed in the WL + RT group. The regression analyses to assess 

whether the association between the change in knee extensor strength and the change 400m gait 

speed are moderated by the change in body composition within each group, showed that neither 

the change in fat mass nor the change in lean mass moderated the association between the change 

in knee extensor strength and the change in 400m gait speed in any of the groups. However, the 

change in fat mass significantly predicted the change in 400m gait speed in the WL + RT group. 

Regression analyses to assess differences between Exercise and WL-only and AT (WL + AT) and 

RT (WL + RT) resulted in a significant interaction between strength and RT indicating that the 

association between strength and gait speed was significantly different when comparing RT and 

AT. There were no other significant interactions. 
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Baseline correlations 

The matrix of bivariate baseline correlations between 400m gait speed, knee extensor 

strength, and body composition (fat mass and lean mass), was conducted to compare our sample 

to previous literature and provide background information when later interpreting these 

relationships using change scores. Knee extensor strength and 400m gait speed were significantly 

positively associated, which was expected. Numerous observational studies have shown that the 

relationship between strength and gait speed may be non-linear and above a certain strength 

threshold, the association becomes weaker or does not exist (Buchner et al., 1996; Buchner & de 

Lateur, 1991; Ferrucci et al., 1997; Jette et al., 1998; Marsh et al., 2006). That is, at lower levels 

of strength the association between strength and gait speed is stronger and tapers off as strength 

increases. For example, Buchner et al (1996) reported that although it is difficult to set a single 

cut point, this threshold occurred at approximately 275 Nm for the sum of the absolute strength of 

4 muscle groups: knee extensor, knee flexor, ankle dorsiflexor and ankle plantar flexor collected 

on the right leg in their study sample. This is one example of the nonlinear relationship, but it has 

been confirmed by others. On average, the CLIP-II sample was moderate to high functioning with 

adequate strength for independent living, with a mean strength of 95 Nm (for knee extensor only) 

at baseline. This may place our participants close to this potential threshold suggested by 

Buchner. This may be one reason why subsequent results from the six-month change analyses 

show no associations between the change in knee extensor strength and the change in 400m gait 

speed in the WL + AT and WL + RT groups.  

The associations between knee extensor strength and body composition were somewhat 

expected. Knee extensor strength and fat mass were significantly positively associated. But 

observational studies have been equivocal when assessing this association using baseline cross 

sectional data (Goodpaster et al., 2006; Koster et al., 2011). There was a significant positive 

association between knee extensor strength and lean mass. This was also somewhat expected as 

previous observational studies found significant and non-significant positive associations between 
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these two variables (Chen et al., 2013; Delmonico et al., 2009; Goodpaster et al., 2006). 

However, the magnitude of the associations in previous studies were much smaller, with 

correlations ranging between 0.076-0.365, compared to our result (r = 0.437). Although, our 

correlation was stronger, in previous studies, strength and lean mass had a weak relationship 

evidenced by small correlations and strength declining much faster than lean mass. Manini and 

Clark (2008) have expanded on this association and coined the term dynapenia, which is a decline 

in muscle strength with aging. The authors make a clear distinction that sarcopenia, the loss of 

muscle mass, is different from dynapenia and that muscle strength is not solely dependent on 

muscle mass. 

The associations between 400m gait speed and body composition were expected; 400m 

gait speed and fat mass were significantly negatively associated. Previous observational studies 

consistently show that greater fat mass is associated with slower gait speed (Bouchard et al., 

2010; Misic et al., 2007; Woo et al., 2007). There was no significant association between 400m 

gait speed and lean mass. This was expected as there is equivocal evidence in the literature 

describing the significance of the association between lean mass and gait speed with some 

observational studies finding a significant association (Misic et al., 2007; Visser et al., 2000; Woo 

et al., 2007) and others not (Bouchard et al., 2010; M. Visser et al., 2000; Visser et al., 2002). In 

those studies that found a significant association, the associations are small. 

Baseline regression results 

The baseline regression model to assess whether the association between strength and 

function was moderated by body composition showed that knee extensor strength was the only 

significant predictor of 400m gait speed. This was not expected as the baseline correlations 

(Table 2) and observational studies (Bouchard et al., 2010; Misic et al., 2007; Woo et al., 2007) 

showed fat mass to be associated with gait speed. However, these associations were small and 

may not have been strong enough to be a predictor in the regression model. There were also no 
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significant interactions in the regression model (Figure 4). This indicated that the association 

between strength and function was not moderated by either fat mass or lean mass. 

Change score correlations 

The association between the change in knee extensor strength and the change in 400m 

gait speed was only significant in the WL-only group and not in the WL + AT or WL + RT 

groups. This finding was somewhat supported when we conducted the regression analyses to 

compare Exercise (WL + AT and WL + RT) to WL-only and WL + AT to WL + RT. These 

analyses showed that the interaction Exercise x strength approached significance (p =0.054), 

indicating that the association between changes in strength and changes in gait speed may be 

different between Exercise and WL-only (Table 10).  

To find a possible explanation for these findings, we looked back to observational studies 

that described the association between strength and gait speed (Buchner et al., 1996; Buchner & 

de Lateur, 1991; Ferrucci et al., 1997; Jette et al., 1998; Marsh et al., 2006). These observational 

studies describe this association as nonlinear, and above a certain threshold it becomes weaker or 

does not exist. As previously stated, although the CLIP-II participants had self-reported mobility 

issues, they were able to complete the 400m walk and had adequate strength. This may have 

resulted in them being on the cusp of this threshold. If this is true, then changes in knee extensor 

strength may not be the main reason for changes in 400m gait speed and we have to look at 

alternative variables such as body composition. This may explain why there was no association in 

the WL + AT and WL + RT groups, but not why these groups were different from the WL-only 

group. As previously reported by Rejeski and colleagues in the CLIP-II main outcomes paper 

(Rejeski et al., 2017), WL + AT and WL + RT gained significantly more strength and 

significantly increased gait speed compared to WL-only. This could be the reason we do not see a 

significant association in the WL + AT and WL + RT groups. They increased their strength and 

gait speed, and potentially, increased strength above the threshold would not affect gait speed. 
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However, the WL-only group experienced smaller changes in both variables which may have 

kept them below the threshold. 

The associations between the change in knee extensor strength and the change in body 

composition were somewhat expected. There was no correlation between the change in knee 

extensor strength and the change in fat mass in any of the groups. Previous observational studies 

show equivocal evidence for this association using baseline cross sectional data (Goodpaster et 

al., 2006; Koster et al., 2011). However, when evaluating changes over time, observational 

studies show gender differences with significant associations between changes in strength and 

changes fat mass for women but not men (Delmonico et al., 2009; Goodpaster et al., 2006). Thus, 

gender may play a role, and assessing these associations by gender may be an avenue for future 

research. 

There was a significant correlation between the change in knee extensor strength and the 

change in lean mass in the WL + AT group, however, this association was not significant in the 

WL + RT and WL-only groups. This was expected in the WL + RT and WL-only groups, as we 

described previously, the literature clearly shows a disconnect between strength and lean mass 

evidenced by small associations, strength declining faster than muscle mass, and the 

disassociation between sarcopenia and dynapenia. Therefore, it’s not too surprising to find no 

association between these variables. However, as described by Beavers et al (Beavers et al., 2017) 

strength and lean mass changed uniquely in the WL + AT group. Using the CLIP-II data set, 

Beavers et al reported significant differences in the changes in lean mass following WL + AT, 

WL + RT, and WL-only. WL + AT lost significantly more lean mass compared to WL + RT and 

WL-only. WL + AT also improved strength similarly to WL + RT and greater that WL-only. The 

results indicated improved muscle quality in the WL + AT group. This unique response may be 

why this association was only significant in WL + AT group.  
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The association between the change in 400m gait speed and change in fat mass was not 

significant in the WL + AT or WL-only groups, however it was significant in the WL + RT 

group. This was not expected as these associations do not align with results from previous RCT’s 

that compared similar groups. Beavers et al. (2017) reported that WL + AT and WL + RT lost 

significantly more fat mass compared to WL-only. Also Beavers et al. (2017) and Villareal et al. 

(Villareal et al., 2017) reported no significant differences in fat mass and body mass between WL 

+ AT and WL + RT. Rejeski et al. (2017) further reported no difference in gait speed between 

WL + AT and WL + RT. The associations we reported were also not supported when we 

conducted a regression analysis to compare WL + AT and WL + RT. This analysis showed that 

there was no difference between the association between the change in gait speed and the change 

in fat mass when comparing WL + AT to WL + RT (Table 11). 

The association between the change in 400m gait speed and change in lean mass was not 

significant in any of the groups. This was expected as previous observational studies report both 

significant (Bouchard et al., 2010; Visser et al., 2000; Visser et al., 2002) and non-significant 

(Misic et al., 2007; Visser et al., 2000; Woo et al., 2007) associations between gait speed and lean 

mass, and of those that report significant associations, those correlations are small.  

Change score regression analysis: 

There were no significant interactions between the change in strength and the change in 

body composition in any of the regression models split by group assignment (Tables 7, 8, and 9). 

There were also no significant 3-way interactions in the analyses comparing the groups to each 

other. This indicates that changes in body composition did not moderate the association between 

the change in strength and the change in gait speed. That is the associations between the change 

in strength and the change in gait speed was not influenced by differing levels of body 

composition. Although there was no moderation present, the analyses provided valuable 
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information the influences about the influence of changes in strength and changes in body 

composition on changes in gait speed. 

Firstly, these analyses highlight the importance of losing fat mass and its influence on 

400m gait speed. When splitting the regressions by group, the change in fat mass was the only 

change score to be a significant predictor of the change in 400m gait speed. Although the change 

in fat mass was only significant in the WL + RT group, there was a similar negative coefficient in 

all the groups. Although the WL + AT and WL-only groups were not significant predictors, this 

suggests that the association between the change in fat mass and the change in 400m gait speed 

was strongest in the WL +RT group but was still present in the other groups. This was supported 

in the analyses that included all the groups in the regression, when including all the groups the 

change in fat mass was a significant predictor in both models. These results indicate that although 

there may be a stronger relationship between changes in fat mass and changes in 400m gait speed 

in the WL + RT group, regardless of group assignment decreasing fat mass may still have a 

positive influence on 400m gait speed. These results reiterate the importance of including weight 

loss interventions to improve function.  

Our analyses also highlight the unique influence of our interventions on the relationship 

between the change in strength and the change in 400m gait speed and the importance of 

improving strength when trying to improve 400m gait speed. When splitting the regression 

models by groups, the change in strength approached significance in the in the WL-only group (p 

= 0.056). However, it was not in the WL + AT and WL + RT groups. This was supported by 

analyses including all the groups, as the interaction Strength x Exercise approached significance 

(p = 0.054), that is association between the change in strength and the change in 400m gait speed 

was nearly significantly different when comparing the Exercise group ( WL + AT and WL + RT) 

and WL-only (Table 10 and Figure 8). Although there seems to be a difference in the association 

between the groups, including all the groups in the analyses showed that when combining all the 
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groups the change in strength is a significant predictor of the change in gait speed. These results 

show the importance of improving strength and its influence on gait speed.     

Lastly, these change score regression results show us that changes in lean mass may not 

have an influence on the changes in functions. The change in lean mass was not a significant 

predictor of the change in 400m gait speed in the analyses split by group, nor the analyses that 

include all the groups. This may suggest that interventions to improve gait speed should focus 

more on improving strength and decreases fat mass than changes in lean mass.  

Although these studies provided valuable information about the influence of changes in 

strength and changes in body composition on changes in gait speed, it is important to note that 

our models were not strong predictors of the change in 400m gait speed with adjusted R2s ranging 

from 0.104 to 0.277. This indicates that there may be other factors such as cardiorespiratory 

fitness or cognition that influence gait speed but were not included in our models (Amboni et al., 

2013; Ferrucci et al., 2000., Öhlin et al., 2020; Verlinden et al., 2020). 

Strengths and Limitations 

The biggest strength of this thesis was the use of the CLIP-II data set. CLIP-II was an 

RCT, in which the interventions were conducted at YMCAs and thus the findings are 

generalizable. It also had sound measures as the isokinetic dynamometer and DXA are the gold 

standards for assessing strength and body composition, respectively. The 400m walk is also a 

validated measure for mobility and function. The study also included a large sample size which 

increased the study power and our ability to find significant differences between groups. Lastly, 

the weight loss and exercise interventions were designed and monitored by trained staff in the 

field.  

This thesis had several limitations. Firstly, although CLIP-II was a high-quality data set, 

this thesis is a secondary analysis. This is a limitation as there may have been differences in the 

study design and subsequent analyses if our specific purpose was the main outcome. Secondly, as 
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seen in our change score regression models, our measures were not strong predictors of the 

change in gait speed. Future studies might include additional measures that may also influence 

gait speed such as cardiorespiratory fitness or cognition. Lastly, we used absolute strength, 

however, relative strength is a stronger predictor of future mobility disability, has a stronger 

association with function, and may have a unique relationship with body composition and gait 

speed compared to absolute strength. Future studies should attempt to conduct similar analyses 

using relative strength. 

Future research 

This thesis assessed whether body composition moderated the association between 

strength and function, however, as stated in the limitations, the regression models were not strong 

predictors of gait speed. Therefore, future studies or similar analyses should include other factors 

such as cardiorespiratory fitness and cognition that may influence gait speed in older adults 

(Amboni et al., 2013; Ferrucci et al., 2000., Öhlin et al., 2020; Verlinden et al., 2020). 

In my review of the literature there was limited information on the associations between 

strength, gait speed, and function when using the 400m fast walk. There was also limited 

information on meaningful cut points for the 400m fast walk. Knowing that the 400m fast walk is 

a good measure of fitness and mobility in well-functioning older adults (Lange-Maia et al., 2015), 

I believe that future research should focus on establishing meaningful cut points and assessing the 

relationship between strength, gait speed, and body composition using the 400m fast walk.  

As stated in the limitations section, in this thesis we used absolute strength instead of 

relative strength. Research shows that relative strength, which is also a measure of muscle 

quality, is a stronger predictor of future mobility disability (Choquette et al., 2010., Manini et al., 

2007) and has a stronger relationship with gait speed compared to absolute strength (Buchner & 
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de Lateur, 1991; Fukagawa et al., 1995; Misic et al., 2007). Therefore, future studies and similar 

analysis should also include a measure of relative strength when assessing similar questions.  

Lastly, we used whole body fat mass and lean mass as the measure of body composition. 

However, considering knee extensor strength and 400m gait speed are both measures that rely 

primarily on the function of the lower extremities, future research might include additional 

analyses that include lower extremity muscle and fat mass. 

Conclusion 

The association between changes in strength and changes in gait speed was not 

influenced by different levels of changes in body composition. Nevertheless, these results provide 

valuable insight into the association between changes in strength, changes in body composition 

and changes in 400m gait speed following weight loss and exercise interventions. The data 

suggests that changes in fat mass may improve changes in gait speed regardless of group 

assignment, which is supported by findings from other studies (Beavers et al., 2013, 2017). This 

reiterates the importance of losing fat mass and its influence on gait speed in this population. 
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