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ABSTRACT 
 

Alexander Russell de Neufville Lucas 

 

THE ROLE OF EXECUTIVE FUNCTION IN 400M WALK PERFORMANCE 

Thesis under the direction of Jeffrey A Katula, Ph.D., Department of Health and Exercise 

Science. 

 

 Mobility disability (MD) is a critical aspect of an older individual’s capacity for 

independent living. Gait speed (GS) is a single measure used to quantify MD as well as 

being a powerful predictor of outcomes related to falls, mortality, hospitalization, CVD 

and disability. Musculo-skeletal factors, neurological factors and chronic disease all 

predict the decline in GS with age, what is not clear is the role of executive function (EF) 

in the relationship between cognition and gait speed change with time. Previous research 

uses measures of gait speed with low ecological validity such as a four meter walk at 

usual pace and additionally research tends to measure EF with single tests of 

neurocognitive function in an aconceptual manner. Therefore the purpose of this study 

was to determine whether improved EF as measured by a number of neurocognitive tests, 

led to an improved gait speed over a socially relevant distance such as 400m. Participants 

were randomized into one of four treatment groups, receiving physical activity (PA), 

cognitive training (CT), a combination (CT/PA) or healthy aging education (HAE) over a 

4 month period. A main effects analysis showed that interventions receiving PA (PA and 

CT/PA) saw changes in GS with time, (0.059m/s). The only measure of EF which 

 ix



 x

showed a relationship with GS change was the 2-back test (β = 0.2812, p < 0.05), a 

measure of working memory (WM). This research indicates that EF processes (WM) are 

important for persons whilst walking over a distance of 400m. The cognitive demands 

related to maintaining GS over a quarter mile may be more important for individuals at 

risk for mobility disability. Future studies should further explore the direction of these 

relationships and how they may be enhanced with age, in populations at risk for cognitive 

and functional decline. 



INTRODUCTION 
 
 

The U.S. population is rapidly aging and by the year 2030 there will be an 

estimated 70 million older adults over the age of 65 ("From the Centers for Disease 

Control and Prevention. Public health and aging: trends in aging--United States and 

worldwide", 2003). Although extending the quantity of life is an important public health 

goal, it is equally important to ensure that the extended years of life are of a high quality 

and that independence is maintained. Disability has been described as a process 

(Verbrugge & Jette, 1994) describing the impact that both chronic and acute conditions 

may have on the functioning of bodily systems and the ways this may affect an 

individual’s ability to act in a usual, necessary, expected and personally desired way in 

his/her social environment. Mobility disability is a more specific aspect of disability and 

is the loss of the capacity of an individual to move from one place to another unaided. It 

is a critical aspect of a person’s ability to remain independent as he/she age (Adamson, 

Hunt, & Ebrahim, 2003; Guralnik, Ferrucci, Simonsick, Salive, & Wallace, 1995; 

Powdthavee, 2009). Research on the Established Populations for the Epidemiological 

Study of the Elderly (EPESE) has shown that over the age of 65 there is a marked 

increase in both the prevalence and incidence of mobility disability. At 70 years of age, 

22% of women and 15% of men are mobility disabled, defined as losing the ability to 

either climb and descend a set of stairs or being unable to walk a half mile; by 85 years of 

age 65% of women and 43% of men are mobility disabled (Leveille, Penninx, Melzer, 

Izmirlian, & Guralnik, 2000).  
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The loss of mobility is associated with mortality (Newman et al., 2006), economic 

burden and social isolation. Newman and colleagues (2006) showed that for those 

individuals in the lowest compared to the highest quartile’s for ¼ mile walk times, the 

risk of mortality was 14.2/1000 vs. 39.9/1000 person years. Data from Medicaid and 

Medicare in 2000 indicates that for an individual becoming disabled in a single Activity 

of Daily Living (ADL) during the year, the associated cost was $3400 if they were able to 

remain at home compared to $21 000 if they had to move into a nursing home (Guralnik, 

Alecxih, Branch, & Wiener, 2002). Social outcomes related to onset of disability include 

interactions with partners and significant others and the access of persons to leisure time 

pursuits (Powdthavee, 2009) 

Mobility disability is quantified using subjective self report measures and 

objective performances on functional tests. The goal of self report assessments is to 

determine the ability of the individual to carry out successfully, activities of daily living 

(ADL’s), which include tasks like getting out of bed or dressing oneself and instrumental 

activities of daily living (IADL’s), which include more cognitive involvement. ADL’s 

involve 1) Bathing with sponge, bath, or shower 2) Dressing 3) Toilet Use 4) 

Transferring (in and out of bed or chair) 5) Urine and Bowel Continence 6)Eating.  

IADL’s include; 1)Use of the telephone (look up numbers, dial, answer) 2) 

Traveling via car or public transportation 3) Food or clothes shopping (regardless of 

transport) 4) Meal preparation 5) Housework 6) Medication use (Preparing and taking 

correct dose) 7) Management of money (write checks, pays bills)  

 Objective measures include performance based instruments such as the Short 

Physical Performance Battery (SPPB) (Guralnik et al., 2000; Kwon et al., 2009; Pahor et 
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al., 2006; Vasunilashorn et al., 2009), a well accepted measure of functional status in the 

literature. Guralnik et al., (2000), with data from the EPESE population, showed that 

those individuals with lower composite scores on the SPPB were more likely to have 

mobility disability at follow up. Additionally the 4m walk portion of the SPPB, a measure 

of gait speed, was independently predictive of mobility disability at follow up. More 

recently the 400m walk test, which has been adapted from the long distance corridor walk 

(LDCW) (Simonsick, Fan, & Fleg, 2006; Simonsick, Montgomery, Newman, Bauer, & 

Harris, 2001), has gained popularity as a robust measure of functional status. The original 

LDCW included a 2 minute warm up which is not part of the current 400m walk test. 

Performance on this test has been associated with risk for mortality, cardiovascular 

disease (CVD), dependence and mobility disability (Newman et al., 2006). Many adults 

not completing the 400m walk test or stopping to rest during the test are found to develop 

mobility disability within a relatively short time (Vestergaard et al., 2009). Furthermore 

whilst losing the ability to perform a single task, such as the LDCW walk, or part of the 

SPPB, may not be suggestive of a total loss in independence, inability to perform 

multiple tasks is highly indicative of a loss of independence (Di Fazio et al., 2006).  

Gait speed reflects the simultaneous working of many organ systems, and 

therefore it may help estimate the overall burden of disease, both diagnosed and 

unrecognized, and this reflection of total burden may be the mechanism by which gait 

speed predicts multiple outcomes (Studenski, 2009). Research has revealed numerous 

predictors of gait speed decline. The largest contributors are musculoskeletal disorders 

(osteoarthritis and  sarcopenia) followed by neurological disorders, lung disorders, 

cardiovascular disorders, diabetes and cancer (Picavet & van den Bos, 1997). Sarcopenia 
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results in high risk for catastrophic events like falls as well as for continued decline in 

function with time (Lang et al., 2009). Diabetes is associated longitudinally with 

increased prevalence and incidence of numerous conditions (Bethel, Sloan, Belsky, & 

Feinglos, 2007) many of which either directly or indirectly affect mobility such as 

amputations or neuropathy, whilst surgery to excise malignant tissues disrupts the 

integrity of joints or muscles. Moreover general cognitive function is known to be related 

to functional decline and loss of independence (Atkinson et al., 2007; Langa et al., 2009) 

with advancement in age. Atkinson and colleagues (2007) showed that both global and 

executive cognitive functions are associated with a decline in gait speed with time. This 

relationship is somewhat attenuated by co-morbidity.  

The executive functions (EF) may be particularly susceptible to age related 

decline (Salthouse, Atkinson, & Berish, 2003). The EF are largely related to the frontal 

lobes structurally, though not exclusively (Baddeley, Della Sala, Papagno, & Spinnler, 

1997; Shallice & Burgess, 1991). Executive functions broadly involve processes related 

to attention, planning, working memory, and adaptation to novel tasks (Salthouse, 

Atkinson, & Berish, 2003). The literature has also described the EF as being general 

purpose control mechanisms, modulating various cognitive sub-processes and therefore 

dynamic cognition (Miyake et al., 2000). The integration of information from multiple 

areas of the brain is a necessary prerequisite for maintaining balance and posture and the 

ability to ambulate (Woollacott & Shumway-Cook, 2002). Developing interventions 

aimed at improving EF is therefore an important research goal. Colcombe and Kramer 

(2003), in a meta-analysis, examined the effects of cardiovascular fitness on cognitive 

function and concluded that improved aerobic fitness had beneficial effects on cognitive 
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function. Of the various aspects of cognitive function assessed, the EFs were most 

significantly affected by changes in aerobic fitness. Additionally, a number of studies 

have examined the efficacy of cognitive training interventions at improving cognition in 

older adults. For example, Jennings and colleagues (2005) used a technique known as 

repetition lag training to examine the transfer effects of a specific cognitive intervention 

to aspects of working memory and related domains of executive function 

A number of epidemiological studies have examined the relationship between 

executive functioning (EF) and gait speed. The Health Aging and Body Composition 

study (Health ABC) (Atkinson et al., 2007) examined the relationship between 20m gait 

speed and both general cognitive function and EF independently. Two measures of 

executive function, CLOX1 and EXIT15 were related to gait speed. For the CLOX1 a 

person is asked to draw a clock showing 1:45 and set the numbers and time so a child can 

read them, whilst the EXIT15 is an interview assessing EF measures such as inhibition, 

word fluency, and sequencing. When co- morbidity was added to the predictive model 

the strength of this relationship was somewhat attenuated. For a subset of participants 

from the InCHIANTI study, EF was found to be associated with gait speed on a variety 

of walking tasks (Coppin et al., 2006). However the EF was more strongly correlated 

with gait speed on the complex tasks.   

Additionally, a number of laboratory-based studies have examined the 

relationship between cognition and gait speed. Hausdorff et al. (2005) examined whether 

walking was more similar to a simple rhythmic finger tapping task or a complex task, 

such as catching. They found no relationship between walking and the finger tapping task, 

but gait speed was related to aspects of the catching task. This led the authors to conclude 

 5



that walking was a complex task involving processes such as planning, adaptation and 

real time adjustment and not a simple rhythmic task.  

There is evidence to suggest that aerobic fitness (Kramer, Colcombe, McAuley, 

Scalf, & Erickson, 2005) and specific types of cognitive training (Jennings, Webster, 

Kleykamp, & Dagenbach, 2005) may have positive effects on EF, to date no research has 

determined whether changes in EF predict change in physical function. Further although 

a number of studies have documented relationships among EF and gait speed, this 

literature suffers from a number of methodological flaws. Importantly these studies vary 

considerably in the manner in which executive function is conceptualized and assessed. 

More specifically, the choice of EF measures is dominated by tasks used in traditional 

neuropsychological assessments, such as Trails B (TMT-B) which tend to combine 

multiple cognitive processes. Both Miyake et al., (2000) and Salthouse et al., (2003) 

using the latent variable approach, have proposed conceptual models of EF that include 

multiple subdomains that cannot be accounted for with a single test alone. Therefore 

future research requires a sound conceptual approach in order to examine the 

relationships between EF and mobility. 

The 400m walk is a walking test thought to have high ecological validity 

compared with shorter measures of gait speed. During the time taken to complete the 

400m walk test there are occasions when EF processes may play a role in the successful 

completion of the task. For example working memory may be important for monitoring 

and updating information related to amount of work done, number of laps still to 

complete and physiological feedback such as bodily pain. 
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The aim of the current study was to determine whether participation in physical 

activity, cognitive training, or combining physical activity with cognitive training could 

improve gait speed in older adults and whether changes in EF are related to changes in 

gait speed. We therefore hypothesized that improvement in executive function would be 

associated with an improvement in 400m walk performance. The present study is part of 

a larger trial called Seniors Health and Activity Research Program-Pilot (SHARP-P).



REVIEW OF LITERATURE 
 

AGING 
According to the CDC (2007) there are two main factors responsible for the rapid 

growth of the oldest portion of the population; the aging of the baby boomers and 

increased life expectancy. In the two decades post World War II there was a period of 

increased fertility. This in conjunction with improved medical care and prevention has 

contributed to the aging of the population. Consequently the number of Americans aged 

>65 years is expected to rise from 35 million in 2000 to 71 million in the year 2030 

("From the Centers for Disease Control and Prevention. Public health and aging: trends in 

aging--United States and worldwide", 2003). Interestingly, by 2030 the proportion of the 

population aged >65 years who are ethnic minorities (Black, American Indian/Alaska 

Native, Asian/Pacific Islander) is expected to increase from an estimated 11.3% to 

16.5 % of the population. The proportion of Hispanics is expected to increase from 5.6% 

to 10.9 ("U.S. Census Bureau.  National population projections", 2008). 

The increasing aging population has significant implications. Most notably the 

cost of health care for a person over the age of 65 is 3 to 5 times that of a person under 

the age of 65 (CDC, 2007). Furthermore ethnic minorities often exist at a lower 

socioeconomic level, making health care less accessible and therefore the consequences 

of disease more likely to result in disability (Fuller-Thomson, Nuru-Jeter, Minkler, & 

Guralnik, 2009). With the rising incidence and prevalence of mobility related disability, it 

is increasingly important from a public health perspective to understand and subsequently 

design interventional strategies to improve the prognosis of independence for the elderly. 

Furthermore it is not clear at which stage in terms of progressing age, older adults are 
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most at risk for loss of independence and whether declines in cognitive and physical 

decline are simultaneous related processes or whether they are independent of one 

another and have different predictors and outcomes. 

INDEPENDANCE 
A major goal for adults as they age is to maintain independence. Independence 

may be thought of as the ability to perform unaided, essential basic tasks or activities of 

daily living (ADL’s)(Katz & Akpom, 1976), which include getting out of bed, using the 

toilet and mobility tasks. The ability to ambulate or move around safely without 

assistance is considered a key component of many ADL’s and therefore reflects the 

individual’s capacity to maintain independence (Guralnik, Ferrucci, Balfour, Volpato, & 

Di Iorio, 2001). Instrumental activities of daily living (IADL’s) are another class of tasks 

important for the maintenance of independence and include tasks that require a more 

significant cognitive component. These tasks involve successfully remembering to pay 

bills, being able to balance a check book, shopping, using the telephone or running a 

household (Dodge et al., 2005). The loss of independence has been found to be a result of 

either a gradual process related to the influence of a various number of co-morbidities, or 

due to a catastrophic event, such as a fall or stroke. Persons who have entered the 

disablement process and who are not able to resolve their functional limitations tend to 

not be able to function independently and at this stage may become “disabled”. 

Importantly, the “experience” of disease or injury may or may not result in a loss of 

independence, depending on the ability of the individual to adjust to limitations, such as 

age or environment. Older adults tend to experience more deficits across different 

domains of functioning. This can be declines in cognitive function or decline in physical 
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function or both. Older adults therefore may not be able to adjust even if the environment 

is ideal whereas younger adults with single challenges may adjust more easily (Guralnik 

& Ferrucci, 2009). 

DISABILITY 
Several models have been developed to conceptualize the disability process. An 

early conceptual framework for understanding the process of disability was proposed by 

Saad Nagi (1976). In his view there were four central concepts: Active pathology, 

Impairment, Functional Limitation and Disability. This framework was then further 

developed, clarified and elaborated (Verbrugge & Jette, 1994). Verbrugge and Jette 

(2004) describe disablement as the impact that chronic and acute conditions have on the 

functioning of specific body systems and people’s abilities to act in necessary, usual, 

expected and personally desired ways in their society. Their model expanded upon the 

basic pathway proposed by Nagi by incorporating intra individual as well as extra 

individual factors. For example, two different people with the same injury would find 

themselves facing different challenges, depending on their age and or the facilities with 

which they were surrounded. The person without access to buildings, shops and his/her 

environment would not be active and might decline further, whereas a person with access 

would have more opportunity to remain integrated.  See Figure 1. 



 
 

Figure 1: The Disablement Process (Adapted from Verbrugge and Jette., 1994) 
 

 
 

A more recent conceptual model of disability was developed by the International 

Classification of Functioning, Disability and Health (ICF) (2002). According to the ICF, 

disability includes a range of behaviors that can be separated into those involving discrete 

tasks and or actions. The WHO describes the ICF as being a classification of health and 

health related domains. These domains are classified from body, individual and societal 

perspectives by means of two lists: a list of body structure and function, and a list of 

domains of activity and participation. This is also considered in the context of 

environment. Rejeski and colleagues (2008), examined the effectiveness of the ICF for 

separating activities based on the demands of the task using their Pepper Assessment 

Tool for Disability (PAT-D). Over 1000 patients from a number of clinical trials were 

evaluated on 23 items relating to their ability to function satisfactorily. According to the 
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PAT-D each item on the questionnaire was weighted by a factor relating to the three 

categories of disability: Activities of daily living disability (ADL’s), mobility disability, 

and instrumental activities of daily living disability (IADL’s). The authors concluded that 

the ICF was indeed a relevant and valuable tool for disability research in older adults. 

Disability is often operationalized as a dichotomous model (disabled vs. not 

disabled). In the LIFE-P study, the 400m walk was used as a measure of mobility, with 

individuals unable to complete the 400m within 15 minutes being classified as disabled 

(Pahor et al., 2006). So whilst disablement can result from a catastrophic event such as a 

fall or stroke, disability is more often the consequence of a gradual progression of 

existing chronic condition/s or the interaction of factors related to a number of co-

morbidities. Guralnik et al. (2001) showed that of persons less than 85 years of age, who 

developed severe mobility disability, 60% had a progressive course and 40% had a 

catastrophic course of progression. For those persons older than 85 years of age, more 

than 80% of disability was progressive. More specifically catastrophic events might cause 

a degree of disability (loss of 1 ADL) and progressive disability results in severe 

disability (loss of 3 or more ADL) (Dunlop, Hughes, & Manheim, 1997; Ferrucci et al., 

1996). It is noteworthy that within the population of mobility disabled persons that risk 

factors and mortality outcomes were different for progressive compared to catastrophic 

mobility disability (Guralnik, Ferrucci, Balfour, Volpato, & Di Iorio, 2001). This 

highlights the importance of determining where in the process of disability an individual 

may be currently and furthermore how this condition is changing with time. Persons who 

do not currently suffer from any deficits in their ability to perform activities of daily 

living but who may have a number of conditions that put them at risk for future decline 

 12



must be identified if they are to be treated preventatively. Mobility disability is an 

important outcome of the disability process and is a focus of this study. 

 

MOBILITY DISABILITY 
Mobility disability is described as the loss of the ability to move unaided from one 

place to another, and is one of the most critical aspects of independence for elders (L. P. 

Fried, Bandeen-Roche, Chaves, & Johnson, 2000; Gardener, Huppert, Guralnik, & 

Melzer, 2006; Newman et al., 2006). More recently, mobility disability has increasingly 

been used as an outcome in epidemiological research (Guralnik, Ferrucci, Simonsick, 

Salive, & Wallace, 1995). Because mobility disability has been repeatedly demonstrated 

to have a strong association with future mortality and morbidity (Newman et al., 2006) as 

well as being an early indicator of progressive disability (L. P. Fried, Bandeen-Roche, 

Chaves, & Johnson, 2000; L. P. Fried & Guralnik, 1997) it is an important clinical 

outcome. Developing new practices and or improving current methods of detection will 

allow us to identify early those individuals at risk for mobility disability. Guralnik and 

colleagues (2001) suggest that risk factors and mortality outcomes are different for 

progressive vs. catastrophic mobility disability.  

The prevalence of mobility disability has been repeatedly shown to be higher for 

those at lower levels of socio economic status, based on years of education, income and 

occupation (Fuller-Thomson, Nuru-Jeter, Minkler, & Guralnik, 2009; Melzer, Izmirlian, 

Leveille, & Guralnik, 2001). The prevalence of mobility disability has also been shown to 

differ between men and women during old age (Leveille, Penninx, Melzer, Izmirlian, & 

Guralnik, 2000). At 70 years of age 15% of men and 22% of females were mobility 

disabled compared with 57% of men and 81% of women at 90 years of age. A major goal 
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of research into disability and specifically mobility disability is to develop predictive 

models that allow the identification of those individuals at risk for developing disability. 

By indentifying individuals at risk, interventions to reduce the incidence of disability may 

be tested. Melzer and colleges (2001) evaluated the influence of educational status on risk 

for incident mobility disability and found that men with 0-7 years of education were 1.65 

times more likely to become mobility disabled than men with 12 or more years of 

education. As the population ages and the prevalence and incidence of mobility disability 

increases so too does the impact on the cost of health care ("From the Centers for Disease 

Control and Prevention. Public health and aging: trends in aging--United States and 

worldwide", 2003). It has been shown that older adults both dependant in 1 ADL and 

becoming dependent in 1 ADL, account for roughly twice the Medicare and Medicaid 

expenditures when compared to those who are independent (T. R. Fried, Bradley, 

Williams, & Tinetti, 2001). More specifically for persons with stable dependence or a 

decline to dependence there was an excess cost of $10 000 compared with independent 

individuals (T. R. Fried, Bradley, Williams, & Tinetti, 2001).  

ASSESSMENT OF MOBILITY 
One method for determining mobility over time is the subjective self report 

(Brach, VanSwearingen, Newman, & Kriska, 2002). Questions may be asked about the 

capability of individuals to perform a variety of tasks from basic daily chores to more 

strenuous tasks. Some examples are asking people whether they have any difficulty 

climbing a set of stairs or being able to walk a quarter mile (Simonsick et al., 2008). This 

can be more specific if participants answer yes. For example “Is it easy, very easy or 

difficult to walk this quarter mile?” The advantages of self report are that mobility status 
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in the past may be ascertained as well as the fact that self report may be administered via 

mail or telephone and therefore reach large numbers of people (Guralnik et al., 1994). 

Disadvantages are that the accuracy of reporting may be low, becoming worse for longer 

periods of recall. Additionally with a population which may be at risk for cognitive 

impairment, an accurate assessment via self report may be even less likely, as individuals 

may lose the ability to correctly assess their capabilities (Sager et al., 1992). 

Other functional assessment techniques that aim to objectively quantifying the 

mobility of individuals are; a) the Short Physical Performance Battery (SPPB) (Guralnik 

et al., 1994); b) the timed 4-m walk portion of the SPPB (Guralnik et al., 2000); c) the 6 

minute walk test (Guyatt et al., 1985); d) and the 400m walk test (Long distance corridor 

walk LDCW) (Simonsick, Montgomery, Newman, Bauer, & Harris, 2001).  

The SPPB is a battery of tests which may be administered in 10 - 15 minutes by a 

trained interviewer. This test was also designed to be administered within community 

settings, such as assisted living facilities. The SPPB includes measures of physical 

performance on three distinct aspects of physical function. For balance an individual is 

asked to stand in normal side by side stance for 10 seconds. If successful they move to 

the semi tandem position and then to the tandem position. Depending on the performance 

stage reached the individual receives a score out of 4. The next portion of the test 

involves time to walk from the beginning to end of an 8 foot course (4m is the newly 

accepted distance in adjusted tests (Guralnik et al., 2000).) Again, depending on 

performance the individual receives a score out of 4. Finally, the individual is asked to 

stand from seated with arms folded across the chest. If successful they are further asked 

to stand from seated five times continuously. Again scores depend on the level of 
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performance. A total summary score out of 12 is then generated. Guralnik and colleagues 

(1994) have repeatedly shown the validity of the SPPB as an independent assessment of 

physical function and is also in conjunction with self report. SPPB performance is a 

strong  indicator of future risk for disability and mobility disability (Guralnik et al., 2000). 

Guralnik et al. (2000) showed that the 4m walk portion of the SPPB has been 

shown to predict subsequent mobility disability. This assessment was again made using 

data from the EPESE population. However, instead of over 8ft the gait speed was 

extrapolated to 4m gait speed as this is now the distance thought to better assess this 

aspect of function. It was found that the receiver operating curves (ROC) for gait speed 

did not differ significantly from the full battery of tests, indicating gait speed is an 

important indicator of future risk for mobility disability. Chronic disease may be 

associated with a decline in gait speed over time and includes lung disorders; neurologic 

disorders; heart disease; diabetes and cancer (Newman et al., 2009). 

The 6 minute walk test (6MW) is a measure of an individual’s capacity to cover 

as much distance as possible during a timed 6 minute period (Guyatt et al., 1985). The 

participant is instructed to walk as far as possible for six minutes. Bean and colleagues 

(2002) examined the reliability and validity of the 6 minute walk as compared to other 

measures of functional status. They found the correlation between the 6 MW and the 

SPPB to be r = 0.61 and r = 0.80 with habitual and maximum gait speed (Bean et al., 

2002). The study also concludes that both lower extremity strength and power are strong 

predictors of 6MW performance. A similar study evaluated the value of the 6MW as a 

measure of mobility in older adults. 86 disease free older adults were tested on a number 

of physical function tasks. The test retest reliability at 1 week was found to be 0.95. The 
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test was also correlated with gait speed over 8ft (r = -0.76) and with self reported physical 

functioning (r = 0.55) based on the SF-36 (Harada, Chiu, & Stewart, 1999).  

The 400m walk test was adopted for use in the current study. For example while 

the 4m walk gait speed is no doubt important, what may be more important is capturing 

the ability of person to maintain or achieve the ability to walk a quarter mile. When a 

person is shopping or travelling from place to place they would no doubt be required to 

walk more than 4 m and or stand from a chair more than 5 times during a short period of 

time. The 400m walk test has also been compared with 6MW and with 4m walk times. 

Simonsick and colleagues (2001) compared 20 individuals on both the 6MW and the 

400m walk on the same day. Participants were randomly assigned either the 6 minute 

walk or the 400m walk conditions as a first test. All 20 participants walked at a faster 

pace during the 400m than they did over the duration of the 6 minute walk test (6MW). 

Walking speed (mean difference 0.23 m/sec, P < 0.001), and ending HR were higher 

(mean difference 7.6 beats, P, 0.001) for all participants independent of test order or 

subject fitness level. Therefore using a test such as the 400m walk will be more likely to 

elicit a more maximal effort during testing and be a more accurate estimate of actual 

functional capacity.  

The 400 meter walk test (400m) is used to assess mobility disability and was 

originally known as the Long Distance Corridor Walk (LDCW) (Simonsick, 

Montgomery, Newman, Bauer, & Harris, 2001). The walking course normally consists of 

a 20m distance marked off by two cones. The participant is instructed to walk from one 

cone to and around the second cone returning to cone 1 for a lap of 40m. This is then 

repeated for 10 laps until a distance of 400m is accumulated. This test has been 

 17



performed both at usual pace and “motivated pace” (i.e., at a pace as fast as is safely 

possible.) 400m walk performance has been operationalized in several ways, such as a) 

time to complete task, b) gait speed, and c) dichotomous model (i.e., whether the 

participant can complete the task in 15 minutes or not). For example in the LIFE-P trial, 

400m at usual pace was used as it was determined to be less of a risk factor in terms of 

cardiac arrest for older adults (Pahor et al., 2006). The 400m walk has been validated as 

having strong psychometric properties particularly for use in clinical trials examining 

disability prevention in older populations (Chang et al., 2004). In the Health Aging and 

Body Composition (Health ABC) study, both the ability to complete the 400m walk 

(yes/no) and the performance on the test (faster is better) was correlated with total 

mortality, cardiovascular disease, mobility limitation, and mobility (Newman et al., 2006).  

When using 400m walk performance as an outcome measure, it is important to 

understand the meaning of any results. If 400m walk performance is the single main 

outcome measure, comparing results with the norms of other older frail individuals 

allows researchers to determine whether individuals may be at significant risk for 

mobility related disability (Simonsick et al., 2008). If however the outcome measure is 

change in 400m walk performance, we need to understand how to interpret change, i.e. 

whether it is negative (slower) or positive (faster). Furthermore, how much change is 

meaningful? Using data from the LIFE-P trial, Kwon et al. (2009) examined the 

relationship between changes in 400m usual pace walk performance over a 12 month 

period. In this study, two separate estimates of change, both a distribution based method 

and an anchor based method were used. The results showed that both negative and 

positive changes were comparable in magnitude, and that 20-30 seconds represented a 
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small but meaningful change (Kwon et al., 2009), while 50 - 60 seconds was substantial 

meaningful change in 400m walk times. 

GAIT SPEED 
Due to the fact that mobility underlies many basic aspects of an individuals 

capacity to remain independent a simple measure to assess mobility has the potential to 

be an important indicator of health and aging (Studenski, 2009). Gait speed has 

repeatedly been used as an outcome measure in order to predict subsequent mobility 

disability. Gait speed is easily measured and is therefore an attractive measure in large 

studies or community based programs. The International Agency of Nutrition and Aging 

(IANA) task force conducted a rigorous review of the literature on the predictive use of 

usual gait speed. The task force concluded that gait speed was a powerful predictor of 

survival, disability, hospitalization or institutionalization, dementia and falls. (Abellan 

van Kan et al., 2009). One reason gait speed is possibly related to declining function with 

age is related to the fact that walking is a complex task placing demands on the brain, 

spinal cord, muscles and joints, as well as the cardiovascular system (Studenski, 2009). 

Gait speed has also been evaluated in the context of energy expenditure. It is estimated 

that walking at a gait speed of 0.67 m/s is roughly equivalent to 2 METs, the same as 

required by basic activities of self care. This drives the assumption that those walking 

slower than 0.67 m/s might also therefore not be able to perform basic activities 

(Studenski, 2009). Hardy and colleagues (Hardy, Perera, Roumani, Chandler, & 

Studenski, 2007) evaluated six performance measures and survival at eight years follow 

up in a sample of 439 older adults over the age of 65. Improved gait speed was the only 

measure significantly associated with survival at follow up. There are a great number of 
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factors which may predict decline in gait speed with time. Musculoskeletal conditions 

including sarcopenia (Lang et al., 2009) and knee osteoarthritis (Sharma et al., 2001) 

appear to be particularly important factors affecting declines in gait speed with age. 

Further contributors to decline in gait speed with time relate to neurologic conditions 

such as Parkinson’s disease and chronic diseases in general. Cognitive function is known 

to play a role in gait speed decline, but what is not known is the role of the executive 

functions specifically. 

  

COGNITION AND AGING 
The normal decline in cognitive function with age (Hillman, Weiss, Hagberg, & 

Hatfield, 2002; Lister & Barnes, 2009; Salthouse, Atkinson, & Berish, 2003) is an 

important factor associated with the ability of adults to remain independent in their later 

years. An increasingly important goal of research is to fully understand the connection 

between the various cognitive faculties and the related performance of functional tasks 

(Tabbarah, Crimmins, & Seeman, 2002).  

It has been suggested that aging may be responsible for the decline in the fluid 

aspect of intelligence including sensorimotor skills and original learning, whereas 

crystallized intelligence is maintained, that include skills such as learned habits and 

language (Barberger-Gateau & Fabrigoule, 1997). Barberger-Gateau et al., (1997) found 

that the loss of efficiency in attentionaly demanding tasks or tasks which appeared to be 

highly novel were characteristics of the elderly, however tasks that had a high degree of 

automaticity continued to be performed well. More recent research does not support this 

hypothesis as evidenced by Tabbarah et al., (2002) in their work on the MacArthur 

 20



Studies of Successful Aging. The performance of this cohort on five routine tasks, five 

chair stands, walking at a usual pace, turning in a circle, signing one’s name and gripping 

items with ones hand, declined as cognition declined. In this study, declines in cognitive 

status were associated with declines in both novel and attentionaly demanding tasks. It 

was further noted by the authors that this study also included individuals selected for high 

levels of cognitive and physical function, suggesting that the majority of the actual 

population may show greater deficits. In an interesting paper Verghese and colleagues 

(2002) examined the reciprocal relationship physical function and cognition. The 

abnormality of gait served as a predictor of Non-Alzheimer’s dementia in a prospective 

study of adults aged 75 and older (Verghese et al., 2002). In this study it was found that 

having neurologic gait abnormality at baseline was strongly predictive of non-

Alzheimer’s dementia (vascular) at follow up ( hazard ratio 3.51[95% confidence interval 

1.86 to 6.]) 

THE ROLE OF COGNITION ON MOBILITY 
 There have been a number of studies that have attempted to associate areas of 

biological deterioration in the brain with specific declines in function. Benson and 

colleagues (2002) using MRI, were able to show, that older people with mobility 

limitation had abnormal white matter lesions in specific areas of the brain (frontal) 

compared with normal older adults. A more recent study by Wakefield et al. (2010) again 

using MRI, showed that areas of White Matter Hyper-intensities (WMH) were correlated 

with reduced function in mobility as well as cognitive function. This study included both 

gait speed and measures of executive functions (EF), such as the Trails B in assessments 

of functional decline. The current study will examine the relationship of the executive 
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functions specifically, and their role in gait speed related aspects of mobility over the 

400m walk.  

EXECUTIVE FUNCTION 
Executive functions (EF) can be separated from specific cognitive domains such 

as language memory and praxis that are traditionally used to assess cognition. EF 

impairment has been associated with a wide variety of disorders and is strongly 

associated with functional outcomes and disability (Royall et al., 2002). Executive 

function  is usually held to involve higher order cognitive tasks that involve problem 

solving, planning and execution of goal oriented behaviors, reasoning and judgment 

(Lezak & Lezak, 2004). These cognitive functions are known to be related to the function 

of the frontal lobes and the basal ganglia-thalamic connections (Royall et al., 2002). The 

terms executive function and frontal lobe function however should not be used 

interchangeably, as there have been cases in which patients with impaired frontal lobe 

function have performed normally on tests of executive function and vice versa. Another 

view is that EF is related to general purpose control mechanisms that modulate the 

operation of various cognitive sub-processes and thereby regulate the dynamics of human 

cognition (Miyake et al., 2000). It has also been proposed that executive function as a 

construct is difficult to conceptualize as it involves a number of control processes on  

many possible levels (Salthouse, Atkinson, & Berish, 2003). In their review of literature 

on executive function, Royall et al., (2002) address the problem of both identifying 

anatomical structures responsible for control functions as well as cognitive tests or 

possibly batteries of tests needed to adequately assess this construct. Salthouse et al., 

(2003) investigated the validity of the construct of executive function and highlighted the 
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importance of selecting neurocognitive tests which may accurately and differentially 

assess various aspects of cognitive function. Unless these measures do what they purport 

to do, further conclusions cannot be confidently drawn on their basis. Miyake et al. 

(2000), proposed and examined a conceptual model of EF. The model determines the 

degree to which often used neuropsychological tests exhibited unity or diversity from one 

another. Using different statistical models they examined three latent variables thought to 

be important sublevels of executive functioning, namely shifting, inhibition and updating 

(working memory). They concluded that these three variables did show some 

independence they were not completely independent and that the execution of complex 

executive tasks involved contributions from these variables to differing degrees. 

MEASURES OF EXECUTIVE FUNCTION 
There have been a number of different measures of executive function developed 

for use in both research and clinical settings. Typically, the tests are developed for use 

with particular populations and with particular outcomes in mind. When choosing tests 

for use in the research setting it is important to have a clear conceptual understanding of 

the implications of results.  

Tests used to measure EF are highly varied and attempt to measure different 

aspects and subcomponents of EF. An important aspect of tests is that they show some 

convergent validity but also discriminant validity. Suchy (2009) created a three part 

model of EF in order to describe measures on the basis of the abilities to 1) form, 2) 

maintain, and 3) shift mental set, which is further described as the ability to 1) reason and 

problem solve, 2) maintain motivation to follow through with a response in the absence 
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of external structure and 3) alter plans and goals as needed in response to changing 

contingencies.  

The following tests were considered in the current review. The N-back task and 

the self ordered pointing task (SOPT) have been used to measure the working memory 

aspect of EF: The SOPT task is less well known and is described as a measure of the 

capacity to hold objects in working memory (Gillett, 2007). The SOPT task may also 

measure other aspects of EF such as planning. The trail making test (TMT) may be 

measuring different processes depending on the way it is scored. TMT-B is a measure of 

speed of processing and set shifting which is cognitive flexibility. When the difference 

between TMT B and TMT A (∆TMT) is used as the outcome, the speed of processing 

aspect is removed from the task. Set maintenance which can be further broken into 

response selection, inhibition, initiation and attentional vigilance is measured with the 

task switching tasks and the Eriksen Flanker task. These tasks may also require some 

degree of working memory to be completed successfully. The Eriksen Flanker task is also 

a measure of speed of response, which is not an executive function (Suchy, 2009). This is 

important because by using a number of different tasks it is possible to see which aspects 

of EF are being tapped and which are not. For example, using a single test we may 

describe the person as having high EF if they perform well on the N-back task, however 

this same person may have a compromised score on a test such as the Eriksen Flanker 

indicating that the deficit in function is with response inhibition. It is also important to 

consider that measures such as the Digit Symbol Substitution Test (DSST) are described 

in the literature as a measure of EF but in fact may more likely be a measure of the speed 

of processing, or in the case of other tests may measure something entirely different.  
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Table 1: Executive Function Measures and Processes Tapped 
 

 Working 
Memory Set Shifting Inhibition Planning 

SOPT √   √ 
ERIKSEN 
FLANKER   √  

TRAILS B-A  √   
TASK 

SWITCHING  √   
N-BACK 

 √    
 

EXECUTIVE FUNCTION AND GAIT 
EF is purported to include a number of tasks relating to the ability to form, 

maintain and shift attention, based on the demands of the surrounding environment, This 

has led researchers to ask what role EF may play in physical function. A review of some 

early studies by Woollacott and Shumway-Cook (2002) examined the construct of 

“attention” and how it was thought to represent EF. This study determined that executive 

function may be related to basic function such as balance and gait. This concept was then 

taken further with studies aimed at specifically looking at gait related parameters of 

function (gait speed) and EF (Atkinson et al., 2007; Ble et al., 2005; Coppin et al., 2006).  

Walking has traditionally been considered an automatic motor task, without much 

input from higher brain areas. However, Hausdorff and colleagues (2005) examined 

whether walking was more similar to a simple rhythmic finger tapping task or to a 

complex catching task. They assessed forty three older adults who were non-demented 

(ages 62–86 years; mean: 71.9 years; 22 women) on measures of gait, cognitive ability 

and catching and tapping performance. Gait variability and gait speed were measured 

using force sensitive sensors, whilst cognitive ability and the catching and tapping tasks 
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were measured with a computerized system. It was found that individuals with the fastest 

gait speed tended to take less time to react to the catching cue. The Stroop test 

performance (a measure of executive function) was correlated with some of the walking 

parameters, but there was a more significant correlation with the catch game performance. 

The significance of this study is that it suggests that walking is not merely a rhythmic 

motor task like finger tapping, but a more complex task that requires higher level 

cognitive input.  

Coppin et al. (2006) using baseline data from the InChianti study (a population 

based epidemiological study) evaluated the relationship between EF and gait in older men 

and women between the ages of 65 and 102 using a number of basic and complex 

walking tasks, including walking at normal speed over 7m distance at both usual and fast 

pace as well as gait speed over 60m (reference speed), walking at usual pace and picking 

up an object, walking at usual pace whilst stepping over obstacles, talking whilst walking 

at usual pace, walking whilst carrying a light large package and walking whilst wearing a 

weighted vest over a 60 m course. Gait speed on complex walking tasks was expressed as 

a percent difference from gait speed on a reference walking task. Global cognitive status 

was measured using the Mini Mental State Exam (MMSE) whilst executive function was 

measured using the difference between the times for part B and part A of the Trail 

Making Test (∆TMT). Participants with poor executive function (High ∆TMT) had 

significantly slower gait speed on a number of walking tasks including 7m walk at usual 

pace and 60m walk at fast pace. The authors of this study concluded that the effect of 

executive function on gait speed was task specific. The degree to which executive 

function influenced the performance of walking tasks would to some degree depend on 
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the sensorimotor demands placed on the individual. Whilst these demands may not 

necessarily result in deficits for a normal functioning adult, older adults with executive 

function impairments may be at risk for mobility related injury such as falls.  

Ble and colleagues (2005) in another epidemiological analysis of the InChianti 

data examined the relationship between performance in the Trails B- Trails A (∆TMT) 

and gait speed. After adjustment they did not find a relationship between ∆TMT and 4m 

usual gait speed however, they did find that for those individuals with the worst (∆TMT) 

scores there was a significant risk of being in the lowest tertiles of 7m obstacle gait speed 

[4.39 (1.40–13.73)]. This led the authors to conclude that whilst usual walking pace over 

4 meters was likely a well learnt motor task the performance of a complex task at pace 

(7m obstacle) required significantly more attention and therefore relied more heavily on 

aspects of EF. 

In the Health Aging and Body Composition study (Atkinson et al., 2007), 2349 

adults were followed over 3 years and assessed on global cognitive function (3MS) as 

well as two separate measures of EF (EXIT 15 and CLOX1). Other outcomes of interest 

were usual gait speed over 20m. Lower scores on each cognitive test were associated 

with greater gait speed declines over the 3 year period. Gait speed declined 0.016m/s, 

0.009m/s and 0.012m/s for 3MS, CLOX1 and EXIT15 respectively for each SD decline 

in score. Although the relationship for EXIT 15 was somewhat attenuated when a greater 

number of co-morbidities were applied to the statistical model there was a clear 

association between EF decline and gait speed decline (Atkinson et al., 2007), The author 

to concluded that EXIT15 as a measure may be too broad and therefore more sensitive to 
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co-morbidity. This finding once again highlights the importance of selecting appropriate 

measures to capture EF processes (Miyake et al., 2000). 

Another paradigm used to conceptualize the role of EF in gait and mobility 

related function, is dual task methodology.  

 

Dual tasks 
In addition to the epidemiological studies that have documented relationships 

among EF and gait parameters, researchers seeking to examine the role of cognitive 

functioning in gait have utilized a “dual task” methodology. “Dual tasks” refer to a 

methodology in which both motor tasks and cognitive tasks are measured simultaneously. 

There is both a theoretical and empirical basis (Baddeley & Della Sala, 1996) for 

employing this method as well as experimental evidence for the extent to which attention 

can be divided (Ble et al., 2005; Holtzer, Verghese, Xue, & Lipton, 2006; Srygley, 

Mirelman, Herman, Giladi, & Hausdorff, 2009; Woollacott & Shumway-Cook, 2002; 

Yogev-Seligmann, Hausdorff, & Giladi, 2008). This has interesting implications as often 

when performing an instrumental activity of daily living, individuals are required to 

divide their attention (dual tasking, shifting), tune out unimportant stimuli (inhibition), 

plan an action (planning). As people age this added cognitive load may tax more fully the 

cognitive faculties and more specifically the executive functions. There is also evidence 

to show that both motor control and postural control are also affected by this age related 

decline of cognitive faculties (Woollacott & Shumway-Cook, 2002). This may place 

individuals at increased risk of an untoward event, such as a fall or other type of accident, 

which may then be the entry point of the individual into the process of disablement and 

subsequent loss of independence. 
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Woolacott and Shumway-Cook in a review study, examined the influence of 

attention on the control of posture and gait (Woollacott & Shumway-Cook, 2002). For 

their purposes attention was defined as an individual’s capacity to process information. 

This attentional capacity was measured using a dual task paradigm. The authors 

concluded that for both young and old adults the complexity of the task at hand is an 

important factor which may play a role in the influence of that task on the ability of the 

individual to maintain balance, posture and or gait.  

Srygley et al. (2009) examined the reverse effects of dual tasks, therefore looking 

at the effect of gait on cognitive tasks. They used younger adults as a comparison to older 

adults and found that walking significantly altered performance of cognitive tasks 

involving working memory (a sub-domain of executive function), for both younger and 

older adults. These participants performed a number of executive function tasks at 

baseline and the results confirmed an age mediated difference on all scores. The 

conclusion was that the larger differences in cognitive ability during dual tasking were 

age-related (Srygley, Mirelman, Herman, Giladi, & Hausdorff, 2009).  Interestingly 

although the MMSE score was significantly different between age groups it was not 

correlated with performance of the dual tasks. Implications are that not all cognitive 

changes with age affect EF variables. 

 

SUMMARY OF COGNITIVE FUNCTION AND GAIT 
Based on the previous research it is apparent that maintenance of gait requires 

significant cognitive input. Initially by associating gait performance (gait speed) with 

measures of cognitive function that aimed to assess the executive function aspect of 

cognition, researchers elucidated the importance of both aspects of function. This 
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hypothesis was further tested using a dual task paradigm where performance of two tasks 

at the same time (walking and cognitive task) allowed deficits in one or the other to be 

measured. Whilst these important steps have allowed for a more complete understanding 

of the processes associated with physical performance in an aging population, new 

directions should include assessing the change in cognition with time and the resulting 

effects on gait. 

The performance of the 400m walk test does not involve a dual task scenario. 

However for some older adults who experience deficits in executive functioning capacity, 

performing a test over a distance of 400m and for a time period up to 15 minutes may 

place a substantial load on attentional capacity. In addition the test involves the continued 

attention to instructions and details such as monitoring time elapsed, as well as feedback 

related to bodily sensation, therefore there may be some working memory demands 

which are similar to performing dual tasks. 

Furthermore EF is thought to control cognitive functions which are importantly 

involved in the execution of ADL’s and IADL’s. Johnson et al. (2007), found that after 

adjusting for age, education, medical co-morbidities, depression and baseline functional 

abilities, that woman performing worse on a test of executive function had 1.5 times the 

risk of developing and inability to perform ADL’s and IADL’s compared to unimpaired 

woman. The authors suggested that baseline impairments in executive function were 

predictive of incident and worsening ADL’s at 6 years follow up (Johnson, Lui, & Yaffe, 

2007). Another study looking at the effects of executive dysfunction on impaired 

functional status concluded that executive function could differentiate between normal 

controls, individuals with mild cognitive impairment and Alzheimer’s Disease (AD) on 
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objective measures of ADL’s (Pereira, Yassuda, Oliveira, & Forlenza, 2008). In order to 

more accurately assess EF it is in the interest of research to employ a variety of 

neurocognitive tests which will better capture the scope of the construct and perhaps 

specific aspects of the construct. 

 

METHODS TO IMPROVE GAIT SPEED 

 The LIFE-P trial (Pahor et al., 2006) used a physical activity intervention to 

improve physical function in a sample of older adults at risk for mobility disability. This 

intervention targeted a number of aspects of physical fitness including aerobic, strength, 

balance and flexibility. Assessment of physical function was made using both the SPPB 

and 400m walk. Follow up at 6 and 12 months showed that both SPPB score and 400m 

walk times were significantly improved compared to a healthy aging control group. The 

PA intervention allowed participants to maintain their gait speed over time whilst the 

health aging group declined in function. This would seem to indicate that for the older 

population improving function in order to prevent decline is the most important goal. 

This evidence supports the use of physical activity as an important treatment to prevent 

decline to disability and loss of dependence.  

METHODS TO IMPROVE COGNITIVE FUNCTION 
 

Currently there is a focus on developing pharmacologic treatments for cognitive 

decline, specifically for conditions such as dementia and Alzheimers Disease. This 

research is based on attempting to slow down or halt the process whereby amyloidal 

plaque causes lesion in brain tissue. Whilst this research is promising there are a number 

of factors to consider. However, the development of drugs is an expensive process, the 
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actual medications can take time to become available for patients, and there are possible 

undesirable side effects of pharmacologic intervention. 

With this in mind, researchers have for some time been exploring alternative 

methods for improving cognitive function. Psychologists have developed cognitive 

training techniques to target specific aspects of cognition, typically involving memory. 

Whilst these results have been positive they often lack transfer to real world situations. 

Faculties such as episodic memory, executive function and speed of processing are 

among some that have shown promise. Jennings et al. (2005) using a method known as 

repetition lag training have attempted to improve a number of cognitive domains through 

a single intervention which may have transfer effects.  

Researchers have also examined the use of physical activity to improve aerobic 

fitness and increase cognitive functioning of the elderly (Angevaren, Aufdemkampe, 

Verhaar, Aleman, & Vanhees, 2008; S. Colcombe & Kramer, 2003; Hillman, Weiss, 

Hagberg, & Hatfield, 2002). This hypothesis is based on the results of animal studies 

which have shown increases in capillary density in the cerebellum (Black, Isaacs, 

Anderson, Alcantara, & Greenough, 1990) and increased gene expression of Brain 

Derived Neurotrophic Factor (BDNF) (Neeper, Gomez-Pinilla, Choi, & Cotman, 1995). 

It is therefore proposed that improved cardiovascular function plays a mediational role in 

the relationship between aerobic fitness and cognitive function (S. J. Colcombe, Kramer, 

McAuley, Erickson, & Scalf, 2004; Kramer et al., 1999; McAuley, Kramer, & Colcombe, 

2004). A meta-analysis by Colcombe and Kramer (2003) reviewed a number of 

longitudinal studies of fitness effects on the cognition of older adults. They included 

studies randomized clinical trials of supervised aerobic fitness interventions in adults 
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aged older than 55 years. Based on this analysis the researchers concluded that there was 

in fact a change in cognitive performance on all tasks as a result of increased fitness. The 

cognitive domains showing the largest improvement were those relating to executive 

function, controlled processes with some overlap on executive processes, and visiospatial 

processes. A more recent review published by the Cochrane database was conducted by 

Angevaren et al. (2008) in which a search of MEDLINE, EMASE, PEDro, 

SPORTSDiscus, psychINFO, CINHAL, and CENTRAL as well as dissertations and 

ongoing trials was conducted with no language controls. In this review 11 randomized 

controlled trials met the criteria for evaluation. All trials involved older adults free of 

cognitive deficits. In summary 8 of the 11 trials showed that improvements in 

cardiorespiratory fitness (as measured by maximum oxygen uptake) coincided with 

improved cognitive capacity. The largest improvements were found in motor function, 

auditory attention and delayed memory function. (effect sizes of 1.17, 0.52, 0.5 

respectively). There were also indications that improvements existed for speed of 

processing (effect sizes of 0.26) and visual attention (effect size 0.26). The authors 

concluded that care was needed in assuming a general improvement and that in future 

better controlled trials using a smaller number of agreed cognitive tasks was important. In 

a recent study on a subset of the LIFE-P trial, Williamson et al. (2009) attempted to 

verify if engaging in physical activity was a possible means by which persons at risk for 

mobility disability may slow the rate of decline of cognitive impairment to dementia. 

 

LIMITATIONS OF THE LITERATURE 
Currently, the construct of executive functioning continues to receive attention as 

an important topic of research into the specific workings of various domains or aspects of 
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cognitive functioning. More specifically the role that executive functioning may play 

with respect to the integration of information from sensori-motor as well as other brain 

regions has implications for the performance of mobility related tasks. However to date 

there are some noted limitations with respect to the literature. 

Although a number of studies have examined the role of EF in mobility and gait 

parameters utilizing a variety of study designs, comparisons across studies is difficult due 

to the lack of consensus in defining and operationalizing executive function (e.g., Suchy, 

2009) For example, a number of studies have examined aspects of EF, working memory, 

and attention, yet it is unclear as to how each of these constructs fit in with an EF 

conceptual model. The need to have clear and concise measures of purported aspects of 

executive function is paramount as made clear by work of both Salthouse (2003) and 

Miyake (2000). There are numerous examples in the literature where studies quantify the 

entire construct of EF with results from only a single neurocogntive test, or indeed use 

neurocognitive tests such as the DSST (a measure of speed of processing) to represent 

executive function. Executive function is a complex construct and therefore sound 

methodological understanding of the processes involved in execution of cognitive tasks 

in relation to physical function is important. Miyake et al. (2000) tested the approach of 

using latent variables to quantify the various sub-processes associated with EF and 

showed that using single neurocognitive measures to represent the whole of EF is flawed. 

Multiple measures simultaneously administered are more likely to capture interactions 

and specific aspects of cognition related to physical function such as gait speed. 

Only one study by Williamson et al., (2009) has examined the role of EF in gait in 

the context of a well-accepted measure of mobility disability. The 400m walk as a 
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measure of mobility disability is an important indication of function with more ecological 

validity than a 4m walk or a gait assessment over a short distance. Most studies assess 

physical function in a very specific context, and therefore risk missing important 

information regarding the transfer of aspects of function to an environmental situation. 

Another limitation in the literature is the dependency on cross-sectional designs. 

Although some studies experimentally manipulate cognitive tasks to isolate the role of 

specific cognitive functions in gait, only Williamson et al. (2009) examined whether 

changes in cognition are related to changes in gait.  

There is currently another gap in the literature regarding the predictive role that 

measures of executive function may have on the risk for developing mobility disability. 

Whilst current research has attempted to make connections between cognitive function 

and aspects of mobility such as gait speed, balance and cardiovascular fitness, this 

research still has not made any predictions of subsequent risk for disablement and or 

reductions in independence, based on reliable and valid measures of mobility such as the 

400 m walk test. 

OBJECTIVES 
Therefore the purpose of the present study was to examine the impact of the 

SHARP-P physical activity and cognitive training interventions on gait speed. 

Additionally we sought to examine relationships among changes in executive function 

and changes in gait speed. It was also hypothesized that changes in executive functioning 

would be related to changes in 400m gait speed. More specifically, the tasks tapping the 

working memory aspect of EF would show the strongest relationship with gait speed.  
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Thus better scores for the N-back and SOPT tasks would be associated with better or 

most improved gait speed. 

This was based on the assumption that during a walking task over a longer period 

of time (400m walk) an individual would be required to tune out conflicting stimuli and 

focus on the task at hand, monitoring of temporal information ( lap number, perceived 

exertion etc.) whilst remembering the goal at hand. (Best time for ¼ mile, or simply to 

finish the ¼ mile). 



METHODS 
 

OVERVIEW OF THE STUDY 
This study was conducted using data from the Seniors Health and Activity 

Research Program-Pilot (SHARP-P). The study was a randomized clinical trial designed 

to conduct, refine and assess physical activity and cognitive training interventions for 

older men and women for the purpose of enhancing cognitive functioning. SHARP-P 

utilized a 2x2 factorial design with physical activity and cognitive training representing 

the main factors. This design yielded 4 treatment conditions, each of which lasted four 

months: Physical activity (PA), cognitive training (CT), a combination of cognitive 

training and physical activity (CT/PA) and a healthy aging education group (HAE) which 

served as a control. Participants were recruited via a series of mass mailings. Potential 

eligibility was assessed on first contact with the use of an initial telephone screening for 

cognitive status (TICS), and then following a series of screening questionnaires. 

Participants were then randomized into one of four treatments groups. Executive 

functioning and 400m walk gait speed was assessed at baseline and following the four 

month intervention. Analysis of variables across treatment groups involved demographics, 

cognitive status and physical function. 

PARTICIPANTS 
Participants for this study were recruited using a “mass mailing” approach. 

Mailings were sent out to a number of area codes surrounding the greater Winston-Salem 

community. People considered at risk for developing mild cognitive impairment (MCI) 

were the targeted population of interest. Eligibility criteria included being between the 

ages of 70-85 years, not currently engaged in physical activity (< 30 minutes of physical 
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activity 3 or more times a week) To rule out global cognitive deficits suggestive of MCI 

or dementias, scores on the Modified Mini Mental State Exam (Teng & Chui, 1987), a 

100-point measure of global cognitive functioning similar to the TICS, were required to 

be >88 (>80 if fewer than nine years of education). For this pilot study participants also 

had to be English speaking and willing to be randomized. Exclusion criteria were: i) an 

unwillingness to be randomized; ii) failure to provide a primary care physician; iii) 

scoring <30 on the initial Telephone Interview for Cognitive Status (TICS); iv) scoring > 

2.0 standard deviations on a single or >1.5 standard deviations below normal on a 

composite of 3 pairs of cognitive tests for: a) Memory (Hopkins Verbal Learning test and 

Logical Memory); b) Speed of processing and Attention (Digit Symbol Substitution Test 

and Trails B); c) Verbal fluency test (Animals and FAS); v) having a diagnosis of 

Alzheimer’s disease, Parkinson’s disease or pulmonary disease or previously having had 

a diagnosis of stroke, multiple sclerosis or head trauma vi) and having a baseline score >8 

on the Geriatric Depression Scale (GDS). 

MEASURES 
Gait speed was measured using the 400m walk test. For this test the participant 

was instructed to start walking from one cone around a second cone placed 20m away, 

returning to the first cone. By completing 10 laps they will cover a distance of 400m. The 

participant was allowed a maximum of 15 minutes to complete the test. Whilst this test 

has been performed both at “usual pace” and at a pace “as fast as safely possible” in 

different research designs the current study used the “as fast as safely possible” method. 

Participants performed the test at SV1 and again at the 4-month follow up visit (FUV2). 

The 400m walk test is a robust measure of functional capacity, with a strongly predictive 

 39



capacity for determining current mobility status and future risk for mobility disability 

(e.g., Newman et al., 2006).  

There were a number of cognitive measures used during the SHARP-P study. 

Primary outcomes of the study were a composite of 5 executive function measures aimed 

at capturing the depth construct. The scores of the 5 measures were standardized and 

averaged to form a single composite score in order to eliminate the potential for ceiling 

and floor effects if only single measures were used. Additionally, the executive function 

measures were individually assessed for their contribution to the strength of predictive 

models. The following executive functions measures were used: 

Trails Making Test (∆TMT) The TMT is a paper-and-pencil task given in two 

parts: A (TMT-A) and B (TMT-B). On TMT-A, participants were required to connect 

randomly arranged circles, numbered from 1 to 25, spread over a sheet of paper, into an 

ascending numeric sequence as quickly as possible (1-2-3-4, etc.). On TMT-B, 

participants were required to alternatively connect circles containing numbers (from 1 to 

13) and circles containing letters (from A to L), in numeric and alphabetical order (1-A, 

2-B, 3-C, etc.). A maximum allowed time of 300 seconds was allowed for each part of 

the test.  To remove the upper extremity motor speed and cognitive processing element 

from the test evaluation, a difference score (∆TMT= time on part B minus time on part A) 

was calculated, according to the literature.  It has been suggested that ∆TMT is a more 

accurate measure of executive skills than performance on TMT-B alone. 

Task switching is a measure of attentional flexibility. Participants are asked to 

switch their attention from one set in this case determining whether numbers are odd or 

even, to a different set, in this case whether letters are vowels or consonants. This task 
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requires executive function to reconfigure the cognitive system each time the demands 

switch. The symbols are shown within the structure of a box grid, whereby the next 

symbol appears in the box next to the current symbol, moving in a clockwise direction.  

The Task switching task was chosen because it represents the “switching” component of 

executive functioning and because it has shown improvements from a aerobic exercise 

intervention (Kramer et al., 2003). 

Erikson flanker task usually involves the identification of a target symbol from a 

bank of noise symbols in as short a time as possible (reaction time). The subject is asked 

to push either a right or left lever indicating whether the target is the same or different 

from the noise symbols. Eriksen initially used target letters from a bank of noise letters 

(Eriksen, Eriksen, & Eriksen, 1974). The task has now evolved to having a subject 

determine whether a target arrow is facing left or right. The noise symbols are either 

congruent with or incongruent with the target. It has been found that the RT is an 

indication of a reduction in processing speed. Other processes involved are inhibition and 

discrimination. By subtracting the time score for the congruent conditions from the 

incongruent conditions the inhibition aspect of the test is isolated.  

N back task involves either a number or letter being shown on a screen for the 

duration of a few seconds. Initially a participant is asked to recall whether the previous 

symbol is the same as or different to the current symbol starting with the 1-back 

condition. The more difficult progression is to determine whether the symbol two before 

the current symbol is the same or different and is called the 2-back condition. The N-back 

task has been shown to be sensitive to age related changes in working memory and as 

involving a different cognitive process from that involved in a simple passive processes 
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such as memory storage (Dobbs & Rule, 1989). Dobbs and rule compared adults between 

the ages of 30 and 99.Whilst there were no differences for the passive tasks, for those 

involving the working memory (N-back) task but there were significant differences for 

those between the ages of 60 and 69 years and those over the age of 70 years. The authors 

to concluded that the N-back test may be useful in research pertaining to the cognitive 

functioning decline of the elderly. In a more recent study, Jennings and colleagues 

investigated the transfer effects of a cognitive training program and determined that there 

may in fact be a degree of transfer to tasks involving working memory and specifically 

those measured with the N-back task (Jennings, Webster, Kleykamp, & Dagenbach, 

2005). 

Self- ordered pointing task was originally developed as a research tool to 

evaluate the contribution of the frontal lobes to working memory (Petrides & Milner, 

1982). This task involves the participant being presented with 16 sheets of paper 

containing a 4 x 4 matrix of 16 shapes. The participant begins by selecting a single shape 

from the first sheet of paper and then selecting additional shapes on each of the following 

pages until each shape has been selected only once. The participant may take as long as 

possible to complete the selection and carries out the task three times. This basic task was 

then adapted for use as a computer test by Jennings and colleagues. 

PROCEDURES 
First contact with potential participants was via telephone and a screening 

questionnaire (TSQ) was administered. Data collected included demographic information, 

eligibility information, medical history and symptoms. Participants were screened for 

depression and cognitive status using the Geriatric Depression Scale (GDS) and modified 
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Telephone Interview for Cognitive Status (TICS). Individuals meeting initial eligibility 

criteria were scheduled for screening visit 1 (SV1) which was conducted at the Wake 

Forest University Geriatric General Clinical Research Center (GCRC).Participants 

provided informed consent prior to assessment of additional eligibility criteria. The 

additional assessments included. a) Current medications; b) cognition using the Modified 

Mini Mental State Exam (3MS); and c) tests of memory and non-memory categories 

(DSST, HVLT, Verbal Fluency-Animals/FAS, Trails B, Logical memory). Physical 

activity was assessed using the CHAMPS questionnaire and physical function was 

assessed with the Long Distance Corridor Walk (400m Walk test). Also measured at SV1 

were height, weight, BMI and blood pressure. Physician clearance was required before 

participants participated in the physical activity intervention. For individuals meeting all 

eligibility criteria baseline visit (BV) was scheduled. 

At (BV) the composite measures of executive function (EF) were collected. 

Following BV participants were randomized into one of four intervention groups. These 

EF measures were assessed again after 2 months at follow up visit 1 (FUV1) and at four 

months at follow up visit 2 (FUV2).  

INTERVENTIONS 
Physical activity (PA) consisted of center-based and home-based sessions to 

include aerobic, strength, flexibility, and balance training with a targeted duration of 150 

minutes/week.  It included two center and two home-based training sessions per week for 

4 months.  Ratings of perceived exertion were used to regulate the intensity of the PA 

intervention (Borg, 1988) using the 6-20 Borg’s Scale of Perceived Exertion.  The 

primary focus was walking. Other forms of endurance activity (e.g., stationary cycling) 
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were used when regular walking was contraindicated for medical or behavioral reasons.  

In addition, the intervention involved encouraging participants to increase all forms of 

physical activity throughout the day. Individualized participant programs were tailored to 

optimize safety using supervised center-based contacts in a safe and effective manner. 

Center-based physical activity sessions were supplemented with home-based walking 2-3  

times per week during the first month and was tailored to each participant’s needs. 

Participants were encouraged to slowly increase the duration and speed of home-based 

walking sessions as appropriate to their circumstances, and to add a third home-based 

walking session and other types of physical activity. Participants recorded home-based 

physical activity with the use of home logs that were submitted weekly and reviewed by 

the intervention staff. Only aerobic activity was recorded in the database. Total minutes 

of exercise per week were then recorded for both home and center-based exercise.  

Cognitive training (CT) was conducted at the Wake Forest University 

Department of Psychology in Greene Hall. Training consisted of a method designed to 

improve consciously controlled memory processing, resulting in changes that transfer to 

executive function (EF), such as working memory, planning and memory monitoring. 

This training method also targeted other processes, such as speed of processing and long 

term item memory. Participants were required to attend 2 training sessions per week for 

the first two months of intervention, which then dropped to 1 session a week for the final 

two months. The sessions were conducted in small groups of six and consisted of a 

computer delivered task which was monitored by trained interventionists. 

On each training day, participants were given 4 15-min training sessions each of 

which entailed studying 30 words presented via computer, followed by the recognition 
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test consisting of the 30 studied words and 30 new words, with each new word repeated 

once during the test phase.  Participants were asked to identify the studied words by 

responding “yes” to them and responding “no” to the new items both times they occurred 

using the computer keyboard. Of primary interest in this training method is the response 

to the second presentation of new items, as participants must accurately recall the source 

of a word’s presentation (studied word or not) or whether he/she have already responded 

to a word in order to correctly respond “no”. Additionally, computer-based positive 

feedback was given to promote motivation. 

Intervals between repetitions were progressively increased based on an 

individuals performance. In the first session, 15 new words were repeated after 1 

intervening item (i.e., butterfly, snow, butterfly) with the remaining 15 new words 

repeated after 2 intervening items (i.e., piano, tree, floor, piano). The schedule used to 

increase the lag period involved the achievement of specific criterion based on accuracy.  

If participants performed to criterion at both intervals (1 and 2 intervening items) in the 

first session, the Session 2 lag interval was increased so that 15 new test words was 

repeated after one intervening item with the other 15 new words repeated after 3 

intervening items have been presented. When participants again reached criterion, during 

the next session the lag interval size was increased to 2 and 4 items, and so on.  The pairs 

of lag intervals used for training increased according to the following pattern: 1 and 2; 1 

and 3; 2 and 4; 2 and 8; 4 and 12; 4 and 16; 8 and 20; 8 and 24; 12 and 28; 12 and 32 and 

so on to the highest level participants can achieve. This pattern of lag interval increase 

was chosen so that participants always would be working at one lag interval they had 

already mastered, which should therefore be easy for them, and a second interval that was 
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new and more difficult. If participants did not achieve criterion at both lag intervals, they 

continued to work at those intervals for as many sessions as needed to meet criterion.  

Cognitive training and Physical activity combined group (CT/PA) was a 

combined intervention of both individual cognitive training and physical activity. 

Participants started at the Department of Psychology where they completed the cognitive 

training and then moved to the Clinical Research Center (CRC) where they completed the 

walking intervention. The intervention order was designed to avoid possible fatigue due 

to the physical activity. 

Healthy aging education (HAE) served as the control condition and was 

designed based on the control condition used in LIFE-P. This intervention combined 

healthy aging lectures with light stretching and or toning activities, though this was not at 

every visit. Topics covered included cardiovascular health, nutrition, medications and 

foot health among others. Participants were required to attend 1 lecture a week for the 

duration of the study (16 weeks).  

ANALYSIS OF DATA 

The data were analyzed first for normality of distribution. Descriptive statistics 

were used to describe the sample in terms of demographic variables (e.g., age at 

randomization, gender, race/ethnicity, education, BMI). The primary outcome of interest 

for the present study was 400m walk gait speed.  Changes in gait speed resulting from the 

intervention are described in terms of means and standard errors.  We then examined 

bivariate associations using Spearman Correlations among variables at baseline as well as 

changes in executive functioning and gait speed resulting from the intervention.  Baseline 

and changes in gait speed were then modeled using forward stepwise multiple regression 
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procedures to examine multivariate relationships and to determine the unique 

contributions of executive functioning.  Two models were conducted:  the first included 

the composite measure of executive functioning and the second include the individual 

executive functioning tasks.



RESULTS 
 

PARTICIPANT CHARACTERISTICS 
Seventy-three volunteers participated in this study and were randomized to 

treatment conditions. There were 58 participants with both baseline and follow up data. 

The sample had a mean age of 75 years and would be considered slightly overweight by 

BMI criteria. The distribution between males and females was roughly even with the 

majority of the sample being Caucasian and highly educated. The demographic 

information is reported in Table 2. 

 

Table 2: Demographics 
 

Variable 
Mean (SD) or 
Frequency(%) Range 

Age at Randomization 75.12 (4.46) 70-86 
Gender   
   Male 30 (51.7%)  
   Female 28 (48.3%)  
Race/Ethnicity   
   African American/Black 6 (10.3%)  
   Caucasian/White 52 (89.7%)  
Education   
   Some high school (9-11 years) 1 (1.72%)  
   High school diploma or G.E.D. 13 (22.4%)  
   Vocational or training school after high school graduation 7 (12.1%)  
   College graduate or Baccalaureate Degree 16 (27.6%)  
   Some college or professional school after college graduation 10 (17.2%)  
   Master's Degree 6 (10.3%)  
   Doctoral Degree (Ph.D, M.D., J.D., etc) 5 (8.62%)  
BMI 27.65 (4.48) 20-39 
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GAIT SPEED (BASELINE AND FOLLOW UP) 
Table 3 reports the means and standard errors of 400m gait speed across treatment 

groups at baseline and 4-month follow up. There was some between group variability in 

gait speed at baseline however, these mean differences were not statistically significant. 

The CT group was the only group to have an average decrement in gait speed (shorter 

time = better), whilst PA, the CT/PA and HAE groups did show improvements in gait 

speed. The main effects analyses indicated that receiving physical activity (PA) compared 

to not receiving physical activity (no PA) was associated with significant change in gait 

speed change. 

 

Table 3: Change in 400m Gait Speed 
 

 Mean/LS MEAN (SE) 

Variable Baseline 
4-month 
Follow-up 

Unadjusted 
Change 

Adjusted 
Change 

CT 1.279 (0.044) 1.239 (0.046) -.039 (0.031) -.034 (0.032) 
CT/PA 1.207 (0.046) 1.256 (0.051) 0.049 (0.027) 0.048 (0.026) 
HAE 1.260 (0.068) 1.290 (0.058) 0.030 (0.024) 0.034 (0.028) 
PA 1.128 (0.042) 1.191 (0.063) 0.063 (0.033) 0.055 (0.030) 

 
Figure 2: Main Effects Analyses (PA vs. no PA) 
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BIVARIATE RELATIONSHIPS WITH 400m GAIT SPEED (BASELINE) 
Relationships among potential correlates of gait speed (demographic variables 

and EF variables) were examined at baseline. The analysis was conducted using two 

tailed tests Significant relationships were found between age, executive function 

(composite), self ordered pointing task;, and Trails B time – Trails A time;. Gender 

comparisons showed that gait speed for males was faster than for females at baseline. 

There were no other significant relationships for executive function measures, however 

there was a trend towards significance for 1 – back, which may be a power issue, based 

on our sample size. These data are reported in Table 4. 

 

Table 4: Bivariate Relationships with 400m Gait Speed (Baseline) 
 

Variable 

Spearman 
correlation 
or LSMEAN P-value 

Age -0.45840 0.0003 
Executive Function 0.46660 0.0002 
z-score Eriksen Flanker Task RT 0.19540 0.1417 
z-score Task Switching RT 0.20780 0.1175 
z-score 1-Back 0.23650 0.0739 
z-score 2-Back 0.05100 0.7038 
z-score Trails B Time - Trails A Time 0.37210 0.0040 
z-score Self-Ordered Pointing Task 0.46710 0.0003 
Gender   
   Males 1.2816 (0.0349) 0.0094 
   Females 1.1465 (0.0361)  
Education   
   No College Education 1.1646 (0.0435) 0.1416 
   College Education or higher 1.2457 (0.0328)  
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BIVARIATE RELATIONSHIPS WITH CHANGE IN 400m GAIT SPEED (FU)  
There were no relationships between any demographic variables of interest and 

change in 400m walk speed. The data was analyzed with two tailed tests for significance. 

Age was not significantly associated with change in gait speed however there was a trend 

for the older individuals to see the most change in gait speed over the intervention. The 

only EF change variable that showed any significant relationship with change in 400m 

gait speed was 2-back. The PA group also showed a small association with change in 

400m gait speed. The value for the 1-back change and PA group would possibly also 

approach significance with more power.  

 

Table 5: Bivariate Relationships with Change in 400m Gait Speed (FU) 
 

Variable 

Spearman 
correlation 
or LSMEAN P-value 

Age 0.21940 0.0979 
Change in Executive Function 0.14100 0.2910 
Change in z-score Eriksen Flanker Task RT -0.04370 0.7446 
Change in z-score Task Switching RT 0.04020 0.7687 
Change in z-score 1-Back 0.21450 0.1059 
Change in z-score 2-Back 0.26750 0.0424 
Change in z-score Trails B Time - Trails A Time 0.17300 0.1942 
Change in z-score Self-Ordered Pointing Task -0.13710 0.3183 
Gender   
   Males 0.0451 (0.0205) 0.2715 
   Females 0.0123 (0.0212)  
Education   
   No College Education 0.0665 (0.0240) 0.0573 
   College Education or higher 0.0082 (0.0181)  
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CORRELATES OF CHANGE IN 400M GAIT SPEED (MULTIVARIATE MODEL) 
A forward stepwise multiple regression model was used to examine the unique 

contributions of the individual correlates of gait speed. The final model was statistically 

significant and accounted for 11.5 % of the variance in change in gait speed (Adj. R2 

= .115). As can be seen in table 7, when considering all potential variables, Age was no 

longer significantly related to change in gait speed. Interstingly, change in 2-back; and 

participating in the PA training program were significantly associated with change in gait 

speed. It should also be noted that the βstandardized weights for PA participation and change 

in 2-back were essentially identical, indicating that change in 2-back contributes and 

equal amount of variance in gait speed as participation in the PA program.  

 
 

Table 6: Regression Analysis, Demographics, Change in 2-back on Change in 400m Gait Speed 
 

Variable β βstandardized P-value 
Intercept -0.006 (0.320) 0 0.9857 
Baseline 400m walking speed -0.069 (0.079) -0.124 0.3869 
Age 0.001 (0.004) 0.049 0.7309 
Change in z-score 2-Back 0.031 (0.014) 0.2812 0.0327 
PA group 0.063 (0.030) 0.2810 0.0415 
CT group -0.031 (0.028) -0.139 0.2766 

 
       Adj R2 = 0.115



DISCUSSION 
 

Mobility is a critical aspect of maintaining independence. Gait speed as a measure 

is sensitive to change with age and relating to deconditioning. Recent evidence indicates 

that executive function may play an important role in gait speed in older adults. However, 

the degree to which executive function affects gait speed or further at what age this 

relationship becomes critical in terms of the independent functioning of individuals is 

unknown. Therefore, the primary aim of this study was to determine the role of change in 

cognitive functioning on the functional performance of an older population at risk for 

cognitive decline. The main outcome of interest was 400m gait speed which was 

determined to be a reliable predictor of risk for incident mobility disability (Abellan van 

Kan et al., 2009; Brach, VanSwearingen, Newman, & Kriska, 2002). Using a 2 x 2 

factorial randomized controlled design we were able to test the influence of physical 

activity (PA) and cognitive training (CT) on gait speed in older adults without cognitive 

impairments. Specifically we wanted to test the hypothesis that improved executive 

functions would be related to an improvement in 400m gait speed. Additionally, we also 

hypothesized that the working memory aspect of EF would be most associated with 

change in 400m gait speed. The results of the present study indicate that changes in the 

working memory aspect of executive functioning are positively associated with changes 

in gait speed. 

CHANGES IN GAIT SPEED 
 Although there was some between group variability in baseline gait speed, those 

differences were not statistically significant. All the groups had gait speed that was 

indicative of high functioning older adults. In the LIFE-P study, participants who were at 
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risk for developing mobility disability had mean gait speeds of between 0.88 m/s and 

0.89 m/s at baseline (Pahor et al., 2006), which was maintained at two years follow up. 

Previous research has determined that gait speed less than 0.6 meters per second is 

seriously abnormal, 0.6 to 1.0 is mildly abnormal, 1.0 to 1.4 is normal and 1.4 is higher or 

superior (Studenski, 2009), which would place our study population in the normal range. 

The current study did not recruit individuals who were at high risk for mobility disability, 

so gait speed in the normal range is expected.   

 Although our study sample exhibited normal gait speed, it appears that our 4-

month physical activity intervention was still able to generate improvements in gait speed. 

As one might expect, the PA (0.055 m/s) group demonstrated the most change, followed 

by the CT/PA group (0.048 m/s). Interestingly, the HAE also experienced improvements 

in gait speed (0.034 m/s), but the CT group (-0.034 m/s) experienced a decline. Kwon 

and colleagues (Kwon et al., 2009) examined the LIFE-P data to evaluate the 

meaningfulness of changes in gait speed and determined that for gait speed over 4m a 

change of 0.03 – 0.08 m/s was minimally significant meaningful change. For the 400m 

walk time to completion was assessed, with 20-30 seconds determined to be minimally 

significant change. Although the present study operationalized mobility disability with 

gait speed, we also collected 400m walk performance times. The study initially measured 

time to complete the 400m walk, which was then converted to gait speed. The 400m 

walking times were reported as means and (SE). For the CT training group 330.8 seconds 

was the mean walking time with an adjusted change of 8.09 seconds. This was the only 

intervention group which took longer on average to complete the walk at follow up. The 

other three training groups all improved their walking times at follow up, with CT/PA 
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improving from a baseline time of 347.3 seconds by 12.6 (7.15) seconds, HAE improving 

from 330.6 seconds by 12.1 (7.63) seconds and the PA group improving from 359.8 

seconds by 10.4 (8.08) seconds. What this means is that if we use the gait speed criteria 

our results are clinically meaningful (0.03-0.08) but based on the time to complete 400m 

walk criteria (20-30s) earlier discussed, the sample is slightly short of time considered to 

be clinically meaningful. It is important to note the fact that these walking times are 

indicative of a higher level of functioning at baseline and means there is likely less room 

for improvement in this population of individuals. 

GAIT SPEED AND EXECUTIVE FUNCTIONING AT BASELINE 

Several measures of EF were related to gait speed both at baseline and changes in 

gait speed over 4 months. Before assessing the relationship between changes in EF with 

change in gait speed we examined the associations between demographics, baseline 

scores for all measures of EF and baseline gait speed over 400m. Previous studies have 

shown that gait speed is related to both global cognitive function (Atkinson et al., 2007) 

and EF measures (Ble et al., 2005; Coppin et al., 2006; Holtzer, Verghese, Xue, & Lipton, 

2006; Yogev-Seligmann, Hausdorff, & Giladi, 2008). Age was moderately negatively 

associated with gait speed at baseline (β = -0.46, p < 0.01) meaning that the older a 

person was at baseline the slower their gait speed. This finding would be inline with the 

expected age related declines. 

Gait speed was also associated with the EF composite measure (β = 0.47, p < 

0.01), indicating that sub-processes of cognitive function for this population were related 

to gait speed over 400m. Furthermore, when we examined the individual EF tasks, we 

found that the strongest relationship between any single measure of EF and 400m gait 
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speed at baseline was for the SOPT (β = 0.47, p < 0.01). It has been suggested by some 

researchers, that the SOPT task taps into both EF and working memory (WM) (Gillett, 

2007).Some authors have suggested that working memory is a separate construct to that 

of EF, however other authors see and understand WM to be a sublevel of EF (Bryan & 

Luszcz, 2001). For the purposes of our study we took WM as representing a specific 

aspect of EF. The Gillett study also suggests that there is a spatial component to the 

working memory tapped by the SOPT. It may be that in a measure such as the 400m walk 

test where the participant is constantly assessing the relationship between the 

surroundings (walking course) as well as holding in working memory information 

regarding instructions and temporal progress taps or places demands on the working 

memory process of cognition. The SOPT may tap this function more than the other 

measures. The (∆TMT) test was also significantly correlated with gait speed (R = 0.37, P 

< 0.05) at baseline. This test has also been described as a measure of working memory 

(Arbuthnott & Frank, 2000; Gaudino, Geisler, & Squires, 1995; Thompson et al., 1999), 

with its own spatial component requiring scanning of the options available whilst holding 

in working memory instructions and temporal information. The fact that we further used 

data from only 58 individuals means with a greater power we would possibly detect 

stronger relationships between the other measures of EF. Tasks that were reported in 

terms of RT (Eriksen Flanker, Task switching) actually measured the difference in time 

between congruent trials and incongruent trials (Flanker) or switched and non-switched 

tasks respectively thus factoring out the processing speed component of these tasks. 

There has been some evidence (Williamson et al., 2009) to show that the digit symbol 

substitution test (DSST), primarily a measure of speed of processing has been related to 
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gait speed. There was also a trend towards significance for the association between 1-

back task and 400m gait speed (β = 0.24, P=0.07). The 1-back test is primarily a measure 

of working memory.  

CORRELATES OF CHANGE IN EF WITH CHANGE IN 400M GAIT SPEED 
 Before performing a forward stepwise regression to determine the relationship of 

change in EF with change in gait speed we determined the correlates of change in 400m 

gait speed. None of the baseline demographics were significantly related to change in gait 

speed, however age showed a trend towards significance with a positive relationship 

indicating that the older individuals tended to see greater changes in gait speed. (r = 0.22, 

p = 0.098). The only aspect of EF associated with change in 400m gait speed in the 

bivariate analyses was change in the 2-back task (r = 0.27, p = 0.043). There were no 

differences between males and females in terms of change in gait speed over the 

intervention period. It is interestingy to note that the relationships between executive 

function variables (SOPT and ∆TMT) and gait speed at baseline were not the same 

measures which showed a relationship with change (2-back). We can speculate that 

aspects of cognition being measured by these tasks at baseline are capturing the processes 

which may develop over the life span as opposed to being aspects of function which are 

sensitive to change or training effects such as working memory. 

MULTIVARIATE ANALYSIS OF CHANGE IN 400M GAIT SPEED. 
The regression model accounted for 11.5% of the variance and included Age, 

baseline 400m gait speed, change in 2-back, receiving PA or receiving CT, (Adj R2 = 

0.115). Change in 2-back was significantly associated with change in 400m gait speed (β 

= 0.031, p < 0.05). Receiving PA as an intervention (PA & CT/PA) was also associated 
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with change in 400m gait speed (β = 0.063, p < 0.05). The finding that the 2-back test 

was associated with change in gait speed is encouraging as this indicates that working 

memory is somehow associated with gait speed change. The reliance of this task on 

aspects of working memory suggests a number of relationships. Due to the nature of our 

current analysis we cannot determine directionality, however the fact that there was 

change in 2-back suggests a trainability of WM aspects of EF. Furthermore whether this 

change in 2-back is the result of improved physical fitness or was due to cognitive 

training is not clear. The possibility also exists that due to cognitive training we have 

improved WM which results in a change in gait speed. These findings support the work 

of Monterro-Odasso and colleagues (2009) which found associations between gait speed 

and working memory. Whilst this study used a dual task paradigm and a measure of gait 

speed over a shorter distance the evidence would seem to support the theory that working 

memory is a process tapped by gait related aspects of function. Montero-Odasso and 

colleagues used a different method (letter number sequencing) for measuring the working 

memory aspect of cognition which they defined as being separate from EF as opposed to 

being a sublevel of EF. So the current SHARP study is unique in finding associations 

between working memory in a walking task without a dual task condition and over a 

longer walking distance, which may indicate that maintaining gait over a quarter mile 

requires a larger contribution from working memory processes. Further Banich and 

colleagues (2009) propose a unitary model of executive function. They believe the more 

integrated approach taking into account neurobiological, psychological and computation 

approaches has potential benefit for understanding executive function. The current study 

did not find any associations between the composite model and change in gait speed, but 
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rather found relationships between sub-processes which would seem to support the latent 

variable approach proposed by Miyake et al. (Miyake et al., 2000) 

The EF were related to walking performance in the InCHIANTI study where gait 

speed was assessed in walking tasks of longer length (20m, and 60m) compared with the 

traditional 4m, 12 foot gait speed tasks (Coppin et al., 2006) however the strongest 

relationship was found between complex walking tasks such as walking over obstacles 

and carrying a package and EF. We believe that whilst the 400m walk test is not as 

cognitively demanding as a complex walking task in the real world, there are a number of 

EF processes being tapped. For example a person walking to complete a 400m distance 

as fast as safely possible will have to hold this goal in mind whilst adjusting their effort 

(planning). The research interventionist would be counting the laps but no doubt the 

individual will be aware of the progress through the task (working memory). Additionally 

the individual may be monitoring feedback related to how breathless they may feel or 

possibly the inhibition of pain if it is a factor (inhibition) Determining the degree to 

which the EF processes are at work may allow us to screen older individuals and tailor 

exercise and other training interventions accordingly. Walking or exercise tasks with 

greater cognitive demand may elicit greater adaptation and allow the building of reserves 

to buffer against and reduce aging related decline.  

The current study only included a sample of 58 individuals. This likely resulted in 

reduced power to detect the strength of the relationship between changes in other aspects 

of EF with change in 400m gait speed. Further this population of older adults was normal 

to high functioning which would perhaps suggest that changes in 400m gait speed were 

unlikely. It may be easier to detect changes in gait speed for lower functioning older 
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adults who are also simultaneously at risk for cognitive decline. There is some evidence 

to suggest that the oldest old are the least likely to improve in response to interventions of 

a cognitive nature. Further the fact that 2- back was as strongly related to change in gait 

speed as was being in a PA intervention suggests that not only may certain aspects of EF 

such as working memory or more specifically WM in certain contexts be important for 

mobility, but also that using a two pronged approach to interventions for improving 

function may elicit greater positive changes.  

  

LIMITATIONS AND FUTURE DIRECTIONS. 

 The current study was conducted with data from the Seniors Health and Activity 

Research Program-Pilot. The overarching goal of the SHARP research program is to 

develop non-pharmacologic interventions to prevent cognitive decline in older adults. 

The pilot study was primarily designed to establish key study design benchmarks on 

which to base the design of a full scale trial. As such, the results of the present study 

should be considered in the context of several limitations. First, this pilot study was 

powered to detect changes in gait speed or relationships among EF and gait speed and 

included a relatively small number of participants. The resulting low statistical power 

may have precluded our ability to detect significant relationships. For example, we saw 

that the trails making test was not significantly associated with change in gait speed but it 

did have an association with baseline 400m gait speed (r = 0.372, p < 0.01). The 

relationship did however approach significance.  This is not surprising as previous studies 

have found the TMT as a measure of EF to be associated with gait parameters (Ble et al., 

2005; Montero-Odasso et al., 2009). Our small sample size also did not allow us to 
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examine between group differences or the impact of the combined intervention group. 

Rather, we were only able to examine the impact of specific factors (PA vs. CT) 

Second, although the present study analyzed the relationships among changes in 

EF and changes in gait speed, since the assessments were collected concurrently we 

cannot assume causality. Thus, for example, we cannot conclude that changes in WM 

caused changes in gait speed. Establishing causality would require assessing change 

across a different time course of assessment, an accepted theoretical framework, and the 

manipulation of proposed mediating variables. By developing a priori a model which 

accounts for the contribution of latent variables to the construct of EF we may be able to 

better account for changes in physical function related to cognitive variables. 

IMPLICATIONS 
 In a paper by Hardy and colleagues (2007) a small change in 400m gait speed was 

related to improved survival at 8 years follow up. In a separate study of meaningful 

change in different variables of physical function, including SPPB, 400m walk time and 

4m gait speed, minimally significant change for gait speed was determined to be 0.03-

0.05m/s, whilst substantial change is considered >0.08m/s. In terms of the time for 400m 

walk improving by 20-30s (reduction in time) was considered minimally significant 

whilst 40-50s is considered substantial change (Kwon et al., 2009). Whilst this 

improvement in gait speed is for a distance over 4 m we can see that our PA group had at 

least a minimally meaningful change in gait speed over a quarter mile. Further the fact 

that we found relationships between cognitive variables at baseline (SOPT, EF 

composite) and related to change (2-back) means with more power we may be able to 

determine the direction of relationships between cognitive factors and gait speed. Again 
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by using a simple measure of gait speed or measuring EF in younger adults may predict 

outcomes related to mobility disability before the physical detriments are manifest.  

Future directions will involve examining the specific effects of 2-back as well as 

other measures of EF to quantify the relationships over time between cognitive function 

and physical function on physical activity. Determining relationships between seemingly 

unrelated aspects of human function allows the tailoring of intervention strategies to 

address particular deficits in specific conditions for example in patients at risk for 

cognitive or physical decline. 

In terms of using the results of the study the following can be taken into account. 

1) Determining how working memory and other EF processes effect the 

successful completion of mobility related tasks, we can better assess and 

predict decline in physical functioning.  

2) By treating a decline in WM as a “risk factor” for mobility disability older 

adults may be prevented from having further adverse events such as falls 

which are highly related to worsening disability and loss of dependence. 

3) These findings also highlight the need for tailored exercise programs. 

Adequate assessment of underlying conditions can result in prescription of 

exercise which has a greater cognitive cost thereby targeting certain “at 

risk” individuals and making training interventions more specific to the 

real world demand placed on older persons. 
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