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[bookmark: _Toc12340667]Abstract
The purpose of this paper was to determine if greater physical activity and lower perceived physical fatigability are independently associated with a faster gait speed, and thus a lower likelihood of having an activity limitation. The study population was two generations (proband and offspring) of adults enrolled in the Long Life Family Study, a study of exceptional longevity in families. Gait speed was assessed with a usual-paced 4 meter walk as an indicator of activity limitation. Physical activity, measured with the Framingham Physical Activity Index (total metabolic equivalents of a task per day) and perceived physical fatigability, assessed with the 10-item Pittsburgh Fatigability Scale were independent variables to examine their association on  gait speed adjusted for age, gender, family structure, field center and health conditions.  In both generations, greater physical activity was inversely associated with a lower perceived physical fatigability (proband: Q2=-2.1, Q3=-5.5, Q4=-7.5, p<0.001)(offspring: Q2=-1.7, Q3=-2.8,    Q4=-4.0, p<0.001). Lower perceived physical fatigability was inversely associated with a faster gait speed (proband: beta=-0.013, p=0.03)(offspring: beta=-0.005, p<0.001). Physical activity and gait speed shared a strong dose response relationship (proband: Q2=0.1, Q3=0.28, Q4=0.21, p<0.001)(offspring: Q2=0.020, Q3=0.024, Q4=0.022, p=0.08). When both physical activity and perceived physical fatigability were included in the model with gait speed as the outcome, physical activity was independently associated with gait speed in the proband generation (Q2=0.095, Q3=0.26, Q4=0.17, p<0.001) but not in the offspring (Q2=0.015, Q3=0.017, Q4=0.01, p=0.4). Conversely, perceived physical fatigability was strongly associated with gait speed in the offspring generation (beta=-0.0057, p<0.001), but not in the proband generation (beta=-0.18, p=0.26). Physical activity and fatigability share a complex relationship with gait speed and further research is needed to reduce the public health burden due to the growing population of older adults and the increasing negative impact that activity limitations place on this population’s independence and quality of life.
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[bookmark: _Toc12340669]Activity Limitations in Older Adults
[bookmark: _Toc106513529][bookmark: _Toc106717787]		One of the major undertakings in public health across the developed world is to prevent disability in a steadily growing population of older adults. The progression into disability is a complex chain of events, often involving underlying chronic disease in combination with the physical changes that come with aging (1). Just in the United States, 42% of the older adult population reported having one or more limitations with activities of daily living (2). As predicted by many demographers, the number of older adults are only going to increase in size, with disability increasing in this population (3). Whether older adults are disabled or not, restricted activity is not seen as a cause for seeking medical attention (4). One part of the complex outcome of disability --activity limitations or ”difficulties an individual may have in executing activities”-- are considered preventable through rehabilitative services (5). As such, identifying the clinical and subclinical signs of activity limitations are important steps towards developing programs of preventing disability and increasing the overall health and quality of life of this vulnerable population.
One of the most common ways to measure activity limitations is by measuring an older adult’s ability to walk. Since walking is a necessity for achieving most daily activities, measuring gait speed can be an excellent predictor of lower extremity function (4). In one study with subjects 80 years old or older, being unable to perform or complete a quarter-mile walk made doubled the risk of being unable to perform activities of daily living or being admitted to a nursing home (6). However, the ability to walk is a simplistic measurement, whereas measuring endurance and speed while walking can also provide further context into indicators of activity limitations.
Gait speed has been found to be strongly associated with a variety of outcomes including frailty, falls, morbidity, and mortality in older adults (7-10). Those with a gait speed less than 1 m/s have been found to be at a higher risk for persistent severe lower extremity limitation, hospitalization, and death. The ease at which gait speed can be measured as well as its validity for predicting a variety of disability-related outcomes make it a very useful tool for determining the risk for activity limitations (11).
[bookmark: _Toc12340670][bookmark: _Toc106513532][bookmark: _Toc106717790]Physical Activity and Activity Limitations in Older Adult
	Strong evidence has shown that increased physical activity levels in older adults is a predictor of independence, better quality of life, and the prevention of disease (12). Despite the known benefits of greater physical activity levels, trends show that it either stabilizes or decreases over the time across the average lifespan of an adult in the United States (13). The World Health Organization estimates that 3.2 million deaths are attributable to physical inactivity each year (14). The Health, Aging, and Body Composition (Health ABC), the Osteoarthritis Initiative (OAI), and the Lifestyle Interventions and Independence for Elders (LIFE) are among the several studies that demonstrate that physical activity is important for older adults to maintain independence. 
In the Health, Aging, and Body Composition Study, 3075 men and women ages 70 to 79 had a physical activity assessment using a standardized questionnaire during the baseline visits that took place between April 1997 and June 1998 (15). Participants reported whether they did certain activities, such as yard work, 10 times in the past 12 months, whether they had carried out that activity in the last 7 days, and the time spend on that activity in the last 7 days. Endurance (e.g. fitness) was assessed using a timed, fast-paced 400 meter walk and function was assessed using the Established Populations for the Epidemiologic Studies of the Elderly battery, which was later renamed the Short Physical Performance Battery (SPPB) (15). The participants were classified into 3 activity groups: “inactive” (<1,000 kcal/wk of exercise and/or <2,719 kcal/wk of total physical activity), “lifestyle active” (<1,000 kcal/wk of exercise and >2,719 kcal/wk of total physical activity), and “exerciser” (> =1,000 kcal/wk of exercise) (15). Men in the inactive group took 41 seconds longer to complete the 400 m walk compared to the men in the exerciser group, whereas women in the inactive group took 52.6 seconds longer to complete the walk compared to female exercisers (p<0.001). When performing the SPPB, men in the inactive group had a two-fold greater odds of having a score of <10 (indicating functional impairment) compared to their male counterparts in the exerciser group. Women in the inactive group had a 2.5 greater odds of obtaining a SBBP score of <10 compared to their female counterparts in the exerciser group (15). This work from the Health ABC study shows strong evidence that maintaining an active lifestyle and/or consistent exercise is associated with reduced activity limitations for older men and women.
		The OAI study evaluated objective physical activity levels (using GT1M Actigraph accelerometer) in a subset of 545 inactive adults at risk for osteoarthritis to estimate the total moderate to vigorous activity at baseline and two years later (16). Levels of activity were divided into 3 groups: those who met the US Department of Health and Human Services Guidelines, those who insufficiently increased their activity, and those who remained at the same level of inactivity. Function was also assessed at baseline and two years later using the Late Life Disability Instrument (LLDI) self-reported questionnaire. (16). Those who met the guidelines increased their LLDI scores by 10.31 points over the two years, those who increased physical activity insufficiently increased their score by 1.95 points, and those who remained inactive decreased their score by 1.15 points (p value for trend <0.001) (16). The OAI study demonstrated that physical activity, even insufficient activity, was associated with reduced activity limitations. 
	The final study, LIFE, was a clinical trial that recruited 1635 men and women aged 70 to 89 who were at a high risk for a physical disability based on the SPPB score of <10 (17). The trial was primarily a walking based intervention (N=818) with participants attending at least twice a week for 2 years, while the comparison group (N=817) attended health education workshops focusing on successful aging once per week for the 1st 6 months and at least once per month thereafter (17). The primary outcome for the LIFE study was to evaluate the impact of the physical activity intervention on the development of major and persistent mobility disability. Measured every 6 months, a major mobility disability was classified as the participant being unable to complete the usual-paced 400-meter walking test within 15 minutes without help from another person, a walker, or sitting during the walk. Persistent mobility disability was classified as either having a major mobility disability for two consecutive 400 m walk tests or having a major mobility disability followed by death (17). In the main LIFE study, the physical activity arm had an 18% lower risk of developing a mobility disability compared to the comparison group (HR:0.82, p=0.03) and a 28% lower risk of developing a persistent mobility disability (HR: 0.72, p= 0.006). The LIFE study findings indicated that a physical activity intervention focused on aerobic, strength, balance, and flexibility is a valuable treatment for preventing activity limitations in older adults (17).
[bookmark: _Toc12340671]Fatigue and Fatigability in Older Adults
[bookmark: _Toc12340672]Measurement of Fatigue and Fatigability
	One of the most common underlying indicators of chronic disease among older adults is fatigue, which is defined as “a subjective lack of physical and/or mental energy that is perceived by the individual or caregiver to interfere with usual or desired activities” (18). Fatigue is often viewed as simply the feeling of being exhausted, but in older adults, this feeling can be an indicator for heart disease, cancer, and various neurological disorders (19). Unfortunately, there are methodological flaws with using fatigue as a predictor for health outcomes. There is no gold standard for measuring fatigue, and thus the differences in measurement tools, choice of time periods, the cut points determining fatigued vs not fatigued, and the prevalence of other chronic diseases in the cohort can cause misleading conclusions of the presence of fatigue in older adult populations (20-21). 
One of the major problems with measuring fatigue is self-pacing bias. A majority of individuals adjust their activities to a tolerable level. For example, a healthy individual from the general population and an individual with fatigue related comorbidities may be inclined to report similar levels of fatigue within a specific time period. To reduce this bias, a newer construct, fatigability, has been introduced, which anchors the symptom of self-reported fatigue to intensity and duration of activity (22). Physical fatigability can be measured as either performance fatigability and perceived physical fatigability. The definition for performance fatigability is “the decline in force, endurance, power, speed, reactivity, or accuracy of performance of a given activity or task” and for perceived physical fatigability, it is “an individual’s self-reported whole body feeling of tiredness as a function of the duration and intensity of a demand task or activity” (23).
[bookmark: _Toc12340673]The Relationship between Fatigue/Fatigability and Activity Limitations
	Through various studies, fatigue and fatigability have both shown that relative levels of exhaustion are important for understanding ways to prevent activity limitations in older adults. In the InCHIANTI study, 1055 Italian adults ages 65 and older reported how many days in the past week they experienced the two statements: “I felt that everything I did was an effort” and “I could not get going.” (24). Both questions were taken from the Center for Epidemiologic Studies-Depression Scale. The participants were considered fatigued if they answered 3 or more days to either statement. The ability to perform daily activities was assessed using the SPPB score and the 400 m walk speed. Self-reported fatigue in older men was associated with lower SPPB score of 1.29 points (p<0.001) and in women, fatigue was associated with a lower score of 0.99 points (p<0.001). Self-reported fatigue in older men was associated with a slower walking speed of 0.07 m/s (p=0.027) and in women, fatigue was associated with a slower walking speed of 0.08 m/s (p<0.001) (24). The InCHIANTI study results showed that older adults with fatigue had significantly worse activity limitations compared to older adults that did not report fatigue.
	While there are studies showing fatigue as a good indicator of older adult activity limitations, there are flaws in using this measurement. Performance and perceived physical fatigability have shown promising results in their relationship to activity limitations. Performance fatigability is often measured by timing a person to walk a specified length and identifying points where the participant has slowed down in response to fatigue. The Baltimore Longitudinal Study of Aging (BLSA) examined performance deterioration by having 605 community-dwelling men and women ages 60 and older complete a long-distance 400 m walk test as quickly as possible at a pace that can be maintained (25). Performance fatigability (i.e. deterioration) was classified in all participants that were either unable to complete the 400 m walk test or slowed down by 6.5% from lap 2 to lap 9. Mobility and function were assessed using a reported score of walking ability, measuring gait speed over a 6 m course, timed chair stands, and grip strength. Adults that maintained their 400 m pace and adults who slowed down had the most significant mean differences in their walking ability score (Slowed = 6.61, Maintained = 7.95, p<0.001), gait speed in m/s (Slowed = 1.05, Maintained = 1.10, p= 0.048), and chair stands in stands/s (Slowed = 0.38, Maintained = 0.42, p= 0.023). Whereas there were no significant differences between participants when measuring grip strength and rapid gait speed (25). Overall there are benefits to measuring fatigability this way, but it does require an open space, treadmill, or other supplies in order to measure fatigue for a study.
Perceived physical fatigability is an alternative to performance based measures of fatigability. Participants are instead asked to rate their fatigue after a fixed task (25). One example is the Study of Energy and Aging Pilot (SEA-P), where 36 community dwelling adults ages 70 to 89 measured their preferred gait speed through a 400m walk test and separated them into slow and fast walkers by whether they were above the median walking speed of 1.19 m/s (26). The SEA-P measured perceived physical fatigability by using the Situational Fatigue scale (SFS) which asked participants to rate their tiredness for activities of a fixed duration. Fast walkers item scores were 5.3 points lower compared to the slow walkers (p = 0.042). The SEA-P also measured fatigue by asking questions such as how often participants “felt physically tired during the day” in the past 4 weeks. This measurement showed no significant differences between slow and fast walkers (p > 0.2).  As a result, perceived physical fatigability provides a much stronger association for assessing the relationship between gait speed and fatigue compared to measuring only the frequency symptom of fatigue in relation to gait speed (26).	
The Pittsburgh Fatigability Scale (PFS), introduced in 2014, is the only validated self-reported scale in older adults that includes both fatigue and demand in a single instrument. The PFS measures perceived physical fatigability by asking participants to rate their tiredness similarly to the SFS scale (27). However, the SFS is not validated in older adults due to the activities used in the scale, which were instead tested in college students (28). The PFS is also more robust by both measuring intensity and duration for each activity. Due to the specific activities used in the scale, the PFS has been found to be a robust and valid predictive indicator for mobility decline when compared to other self-reported global fatigue scales (29). 
[bookmark: _Toc12340674]The Relationship between Physical Activity and Perceived Physical Fatigability
			Fatigability and physical activity have both been shown to play an integral role in predicting activity limitations among older adults. Despite the recently developed changes in measuring fatigue, the association of fatigability and physical activity shows promising results when explored in recent published research. In the BLSA, 577 participants wore an accelerometer for a full week to calculate their total logged activity, and measured their perceived physical fatigability by maintaining a slow paced walk on a treadmill for 5 minutes (31). Participants rated their perceived exertion using the Borg rating of perceived exertion (RPE) Scale. A significant negative association was found between physical activity and perceived fatigability (beta= -54.8, p<0.001) (31). These findings indicated that measurements of perceived physical fatigability, such as the RPE scale used here, are strongly associated with physical activity levels in older adults. 
The Developmental Epidemiologic Cohort Study (DECOS) recruited 89 older adults, equipped them with an accelerometers, which they wore during a 4 m walk and two 400 m walks to measure median walking acceleration, the “in-the-lab” section (32). In order to obtain median walking acceleration “in-the-wild”, participants wore the accelerometers for 7 days while performing their daily routines. Perceived physical fatigability was assessed using the PFS. Higher perceived physical fatigability was associated with a 0.422 lower walking acceleration (p = 0.003) while “in-the-lab”, and similarly “in-the-wild”, higher fatigability was associated with a 0.551 lower walking speed (p<0.001) (32). The BLSA and DECOS study, among others, all show a strong inverse association between physical activity and perceived physical fatigability.
Overall, older adults reduce their levels of physical activity as they age. However, fatigue is one of the major contributors in reducing physical activity in older adults. Fatigue and reduced physical activity create a vicious cycle. The importance of measuring fatigability and physical activity together is indicated by their strong association with each other and their strong association with activity limitations.
[bookmark: _Toc12340675]Gaps in Knowledge
Fatigability is regarded as a more sensitive measure of the tiredness that is associated with the various chronic diseases commonly found in the older adult population (30). However, no studies have examined the independent association between physical activity, perceived physical fatigability, and their association with physical function, particularly in a relatively healthy adult population. Since the concept of fatigability is novel, more studies and more analyses should explore the role it plays in the pathway between reduced physical activity and activity limitations.
[bookmark: _Toc12340676]Public Health Significance
Older adults are living longer than ever before. The population of people over 65 in 2014 was 46.3 million and is projected to increase up to 98 million by 2060 (33). Disease and disability is largely associated with this vulnerable cohort, and as a result, the cost and demand for caregiving, assisted living, and hospitalization is only going to increase (2). Through various studies, both physical inactivity and fatigue are major contributing factors that lead to activity limitations and an overall lack of independence in this population. By understanding the relationship of physical activity, fatigability, and how they relate to preventable activity limitations can lead to the development of evidence-based interventions that bridge the barriers that older adults come across when maintaining their quality of life (4).
[bookmark: _Toc12340677]Objectives
The objective of this research was to examine the association of perceived physical fatigability and physical activity on activity limitations in a relatively healthy older adult population. Our hypothesis is that lower perceived physical fatigability and greater physical activity are both independently associated with physical function (i.e. faster gait speed) in two generations of older adults enrolled in the Long Life Family Study.
[bookmark: _Toc12340678]Methods
[bookmark: _Toc12340679]Study Population
	For this paper, data were obtained from the Long Life Family Study, a prospective cohort study that recruited families with exceptional longevity to examine both their genetic and physical characteristics. The Family Longevity Selection Score (FLoSS) was developed to standardize the overall family exceptionality and traits of longevity to determine eligibility (34). From 2006 to 2009, a total of  N= 4,953 adults --N=1,727 probands and N=3,226 offspring-- from 539 families were enrolled from four field centers, University of Pittsburgh, Boston University, Columbia University, and University of Southern Denmark (2). Field centers in the United States sent mailing brochures to older Medicare enrollees while in Denmark, participants were screened through the Danish National Register of Persons. 
	The baseline study measures were implemented in person (mainly home visits) using a standardized protocol. After Visit 1, telephone interviews were implemented annually to monitor changes in health, function, and vital status (35). Visit 2 was conducted from 2014 to 2017 where baseline measures were repeated and new measures, including the PFS and the Framingham Physical Activity Index (FPAI), were added. As part of Visit 2, additional family members who were unavailable to be enrolled at baseline were invited to enroll from existing families. All of the primary measures used in this analyses reported here were obtained during the second in-person visit.
[bookmark: _Toc12340680]Outcome Measure
The outcome measure used for these analyses was physical function, determined by usual-paced gait speed. Gait speed was obtained during Visit 2 as part of the Short Physical Performance Battery (SPPB), which includes performing five chair stands, three balance tests, and a two timed usual-paced 4 meter walks. The fastest of the two walks was considered their usual gait speed in meters per second (11).
[bookmark: _Toc12340681]Independent Variables
	The first independent variable was perceived physical fatigability, measured by the Pittsburgh Fatigability Scale (PFS). The PFS is a validated self-administered 10 item scale of perceived fatigability in older adults. Participants rates from no fatigue to extreme fatigue (0-5) “they expected to feel immediately after completing each activity” and whether they have completed that activity in the past month. The PFS has physical and mental subscales, which are scored separately and range from 0 (none) to 50 (extreme) with higher scores indicating greater fatigability (24). Higher perceived physical fatigability was categorized as ≥ 15 points (36). While the scale measures both perceived physical and mental fatigability, only perceived physical fatigability was used in this analysis. 
	The second primary independent variable was self-reported physical activity, measured using the FPAI (37). Participants were asked to determine the number of hours spent in 5 specific activity levels --sleep, sedentary, moderate, and heavy-- for a typical day over the past year. The number of hours for all activity must total 24 hours. A physical activity score was calculated by multiplying the hours each activity was performed by its weighted metabolic equivalent of a task (MET). The MET equivalents for each activity were sleep (weighing factor [WF]= 1.0), sedentary (WF=1.1), slight (WF=1.5), moderate (WF=2.4), and heavy (WF=5.0) (37). The FPAI score was the sum of the MET-hrs/day across the five activity levels and the resulting FPAI scores were then divided into generation specific quartiles of physical activity. The quartiles were used to account for potential non-linearity, and to facilitate easier interpretation in the impact of physical activity on gait speed between generations.
[bookmark: _Toc12340682]Other Covariates
Age was confirmed and validated by official documents such as a driver’s license or birth certificate at the baseline examination. Race and sex were both self-reported measures asked by questionnaire at baseline. Depression symptoms were determined using the 20 item Center for Epidemiologic Studies Depression Scale (CES-D) (38). Diabetes was defined as a HbA1C level of 6.5% or greater or taking diabetes related medication (39).  Prevalent diagnoses of heart disease, stroke, lung disease, and cancer were all obtained by a self-report of a physician’s diagnosis at baseline, during the follow-up questionnaires, and at Visit 2 (35).
[bookmark: _Toc12340683]Statistical Analysis
Figure 1 depicts the derivation of the final analytic sample for these analyses. Of the N=4953 enrolled at baseline, N=2794 (56.4 %) completed a Visit 2. Additionally, 160 new family members were enrolled.  Of the N=2954, 529 participants were excluded from the analysis due to missing data for either the FPAI, PFS or gait speed.  Thus, the total analytic sample was N=2425 (330 probands, 2095 offspring, including N=137 participants with imputed PFS physical score data). 
All analyses were stratified by generational groups, probands and offspring due to the bimodal distribution. Chi-square tests and t-tests were used to examine the descriptive differences between probands and offspring. To understand the complex conceptual framework between the association of perceived physical fatigability and physical activity on gait speed, we first evaluated the separate pathways (Figure 2). We examined the role of physical activity on perceived physical fatigability and then separately examined both perceived physical fatigability and physical activity on gait speed. Generalized linear models were used to ascertain the relationship between quartiles of physical activity and PFS physical score, PFS physical score and gait speed, and quartiles of physical activity and gait speed. Finally quartiles of physical activity and the PFS were included in one final model to determine their independent relationships with gait speed. All four models were controlled for age, gender, family structure (due to family relatedness), depression, field center, heart disease, stroke, lung disease, cancer, diabetes, and arthritis as adjustment variables. SAS version 9.4 was used for all analyses.
[image: https://lh4.googleusercontent.com/XdnOzWMzjIQNlym2TVjN9xCZj0UfDIAphgja_J2O6as7AN7X-a1Hf4FI-O_hLZLZSNa9yBQVF96kRQr2ISAvRzQHmRuTPsrd-Aiqo0geuKGEB_uniMfNymb9YTctR_Zd1U9xvYZj]
[bookmark: _Toc12892785]Figure 1 The Analytic Sample: The Long Life Family Study
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[bookmark: _Toc12892786]Figure 2 Conceptual Framework of the Relationship of Higher Physical Activity and Lower Perceived Physical Fatigability on Faster Gait Speed
[bookmark: _Toc12340684]Results
[bookmark: _Toc12340685]Participant Characteristics
	The mean age of the probands (N=330) was 92.0 ± 7.1 years old, whereas the offspring (N=2095) were 68.0 ± 7.7 years old (Table 1). More than half of the participants were female, and almost all of them were white. The mean BMI was higher in the offspring generation, but the proband generation had a slower gait speed, higher perceived physical fatigability scores, and lower physical activity. Of the probands, 83.3% had higher physical fatigability compared with 32.4% of offspring. Depressive symptoms and a majority of the comorbidities were very low overall, but mostly higher in the proband group. 63.6% of probands suffered from arthritis and 48.8% had non-skin cancer. There were no significant differences in lung disease and diabetes between generational groups (Table 1).


















[bookmark: _Toc12892793]Table 1 Demographic Characteristics for Proband and Offspring: The Long Life Family Study
	
	Mean ± Standard Deviation or N (%)

	
	Proband Generation N= 330
	Offspring Generation N= 2095

	Age, years
	92 ± 7.1
	68.0 ± 7.7

	Sex, Female
	204 (61.8)
	1116 (53.3)

	Race, White
	326 (98.8)*
	2084 (99.6)*

	Body Mass Index, kg/m2
	26.1 ± 4.4
	27.7 ± 5.2

	Usual-paced gait speed, m/s 
	0.7 ± 0.49
	1.1 ± 0.2

	Perceived Physical Fatigability, 0-50 pts
	25.3 ± 9.9
	11.75 ± 8.0

	High Perceived Fatigability (≥15)
	275 (83.3)
	679 (32.4)

	Physical Activity Index, MET-hrs/d 
	30.48 ± 5.2
	37.6 ± 7.1

	CES-D score, 0-20 pts
	4.39 ± 3.7
	3.08 ± 3.5

	Heart Disease
	74 (22.4)
	111 (5.3)

	Stroke
	62 (18.8)
	99 (4.7)

	Lung Disease
	4 (1.2)*
	55 (2.6)*

	Diabetes
	47 (14.2)*
	205 (9.8)*

	Cancer (non-skin)
	161 (48.8)
	602 (28.7)

	Arthritis
	210 (63.6)
	837 (40.0)

	More than 1 Comorbidity
	76 (23.0)
	96 (4.6)


· All variables were significantly different (p<0.05) except for race, lung disease, and diabetes
· Diabetes defined according to the American Diabetes Association 2018 classification of a HbA1c level of 6.5% or taking diabetes related medication
Abbreviations: MET = Metabolic equivalent of a task; CES-D = Centers for Epidemiologic Studies Depression Scale


[bookmark: _Toc12340686]Relationship between Physical Activity and Perceived Physical Fatigability
We first evaluated the univariate association between PFS score and physical activity levels. In the proband generation, Figure 3 shows a strong linear relationship between greater quartiles of physical activity and lower PFS physical scores, with a 12 point difference between the highest and lowest quartiles. For the offspring generation (Figure 4), the relationship was similar, but PFS physical scores were nearly half of those for probands. There was a somewhat sharper drop in PFS from quartile 1 to 2 in the offspring compared to the probands.[image: https://lh3.googleusercontent.com/n4v2tRYzAyNG0DvyCiTGPameQO9xWwzWdLRBMYKFeAhvBybxaGIFBse7nzKL_r4EU8g5en1ocEZYDfALboucvLbZwKmsQQJXvsiwHf2PdFlkohqGL0nhJlxqa5IWS7rIeHWD_v38]
[bookmark: _Toc12892787]Figure 3 Association between Physical Activity and Perceived Fatigability in Proband Generation: Long Life Family Study (N=330)

[image: https://lh5.googleusercontent.com/thmeEfqN7b7BzFRk78nIR06ECvbs8nqQXRvyHHCkPe7kJ8pueWoN6BnWfZ4-8y18s9YmFNKT3aJshbml1U3GH_wSAFRw_xFh3sbXahj1P6aRAk7kyv0eI70rrCY3Zt0be07JtBYE]
[bookmark: _Toc12892788]Figure 4 Association between Physical Activity and Perceived Fatigability in the Offspring Generation: Long Life Family Study (N=2095)

Table 2 presents the generalized linear model examining the relationship between physical activity and perceived physical fatigability adjusted for covariates. In the proband generation, a dose response relationship was clearly displayed. Greater physical activity in the highest quartile was associated with a 7.6 point lower PFS physical score when compared to physical activity in the lowest quartile. A similar trend followed in the offspring, with 4 point lower PFS physical score between the lowest and highest physical activity quartiles. Both analyses were adjusted for age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center. 
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	Proband
	Offspring

	Physical Activity Quartiles (MET-hrs/d)
	Coefficient*
	P-value
	Physical Activity Quartiles (MET-hrs/d)
	Coefficient*
	P-value

	QI (16.8- <26.6)
	reference
	
	QI (14.2- <32.7)
	reference
	

	QII (26.6- <29.45)
	-2.1
	0.07
	QII (32.7- <=36.5)
	-1.7
	<0.0001

	QIII (29.45- <33.2)
	-5.5
	<0.0001
	QIII (>36.5- <=41.5)
	-2.8
	<0.0001

	QIV (33.2-55.2)
	-7.5
	<0.0001
	QIV (>41.5- 80.2)
	-4.0
	<0.0001


*Adjusted for age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center

[bookmark: _Toc12340687]Relationship between Perceived Physical Fatigability and Gait Speed
The univariate association between higher perceived physical fatigability and gait speed was also examined by fatigability status (Figures 5&6). Those with higher fatigability in both generations had slower gait speed than those with lower perceived physical fatigability.  The mean difference in gait speed between those with higher versus lower perceived physical fatigability was 0.32 m/s for probands (Figure 5) and 0.1 m/s for the offspring generation (Figure 6).
For the multivariable adjusted model for the proband generation, each one point lower PFS physical score was associated with a faster gait speed of 0.013 m/s (p= 0.03). For the offspring generation, each one point lower PFS physical score was associated with a faster gait speed of 0.005 m/s (p< 0.0001). Both analyses were adjusted for age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center.
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The univariate relationship between between physical activity and gait speed in the proband and offspring generations can be found in Figures 7 and 8.  For the probands (Figure 7), those in the highest quartile for physical activity had a faster gait speed by 0.36 m/s compared to those in the lowest quartile. The offspring generation displays a more gradual dose response relationship between gait speed and physical activity (Figure 8). As physical activity levels were greater, mean gait speed was faster, although the difference between the highest and lowest quartile was only 0.12 m/s.
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Table 3 presents the multivariable relationship between physical activity and usual-paced gait speed in probands and offspring. In the proband generation, a dose response relationship was clearly displayed. Greater physical activity in the highest physical activity quartile is associated with 0.21 m/s faster gait speed compared to the lowest physical activity quartile after adjusting for age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center. For the offspring generation there was no relationship between physical activity and gait speed after adjusting for covariates, except for quartile III.
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	Proband
	Offspring

	Physical Activity Quartiles (MET-hrs/d)
	Coefficient*
	P-value
	Physical Activity Quartiles (MET-hrs/d)
	Coefficient*
	P-value

	QI (16.8- <26.6)
	reference
	
	QI (14.2- <32.7)
	reference
	

	QII (26.6- <29.45)
	0.10
	0.003
	QII (32.7- <=36.5)
	0.020
	0.1

	QIII (29.45- <33.2)
	0.28
	0.01
	QIII (>36.5- <=41.5)
	0.024
	0.04

	QIV (33.2-55.2)
	0.21
	<0.0001
	QIV (>41.5- 80.2)
	0.022
	0.08


*Adjusted for age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center
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Table 4 presents the final model examining the relationship between physical activity, PFS physical score, and their independent association on gait speed. In the proband generation, physical activity levels were independently associated with faster gait speed after adjusting for perceived physical fatigability and all other covariates. In this model, perceived physical fatigability was not independently, significantly associated with a faster gait speed in this older generation, after adjustment for physical activity and other covariates (age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center).
Table 4 presents the final model examining the relationship between physical activity, PFS physical score, and their independent association on gait speed. In the proband generation, physical activity levels were independently associated with faster gait speed after adjusting for perceived physical fatigability and all other covariates. In this model, perceived physical fatigability was not independently, significantly associated with a faster gait speed in this older generation, after adjustment for physical activity and other covariates (age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center). 
Conversely, the multivariable model for the offspring generation shows that physical activity was not independently associated with gait speed after adjusting for PFS physical scores and all other covariates. However, we found a strong independent association between PFS physical scores and faster gait speed, with each one point lower PFS score associated with  0.0074 m/s faster gait speed (p<0.0001) after adjusting for physical activity levels, age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center.

[bookmark: _Toc12892796]Table 4 Multivariable Analysis Examining the Association between Physical Activity Quartiles and Pittsburgh Fatigability Scale Physical Scores with Gait Speed

	Proband
	Offspring

	Physical Activity Quartiles (MET-hrs/d)
	Coefficient*
	P-value
	Physical Activity Quartiles (MET-hrs/d)
	Coefficient*
	P-value

	QI (16.8- <26.6)
	reference
	
	QI (14.2- <32.7)
	reference
	

	QII (26.6- <29.45)
	0.095
	0.005
	QII (32.7- <=36.5)
	0.015
	0.22

	QIII (29.45- <33.2)
	0.26
	0.005
	QIII (>36.5- <=41.5)
	0.017
	0.15

	QIV (33.2-55.2)
	0.17
	<0.0001
	QIV (>41.5- 80.2)
	0.010
	0.4

	PFS score
	-0.18
	0.26
	PFS score
	-0.057
	<0.0001


*Adjusted for age, gender, family structure, depression, heart disease, stroke, lung disease, cancer, diabetes, arthritis, and field center
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Our hypothesis on higher physical activity having a strong independent association with a faster gait speed after adjusting for PFS scores in the probands, the oldest cohort, was supported. However perceived physical fatigability was not strongly associated with faster gait speed in this cohort after adjusting for physical activity levels. Our hypothesis was also confirmed with perceived physical activity having a strong independent association with a faster gait speed in the offspring after adjusting for physical activity levels. Conversely, physical activity was not strongly associated after adjusting for PFS scores in the younger cohort. 
To better understand the complex relationship by generation, we first examined for the probands the association between physical activity and activity limitations without perceived physical fatigability. When we examined the preliminary association between perceived physical fatigability and gait speed, the results indicated that there was a strong relationship. However, once physical activity was included in the model, perceived physical fatigability was no longer significant in the probands. It is plausible that the unanticipated finding could be explained by the small sample size and the tighter spread at the extreme levels of perceived physical fatigability, which resulted in a lack of sufficient variability in the proband’s cohort’s PFS scores. PFS scores of ≥15 points is the cut point for higher fatigability (35), and a large majority of the probands, over 80%, were classified with higher perceived physical fatigability. Further, for the proband generation of much older adults, in their late 80s and 90s overall, it may be at that age range, physical activity is a much more significant factor in determining the likelihood of having an activity limitation.

Further, our findings in the proband generation indicated the importance of maintaining a minimum level of physical activity above 26.6 MET-hrs/day (the 2nd quartile of physical activity). These results are comparable to the work in the Health ABC study, where men in the inactive group were twice as likely to have an activity limitation compared to their male counterparts in the exerciser group (15). Higher physical activity levels share a strong dose response relationship with faster gait speeds which corroborates with the OAI study, where those who aimed to increase their physical activity towards the US Department of Health and Human Services Guidelines reduced their risk of disability over a period of 2 years, whether they met the guidelines or insufficiently but did increase their activity (16). Our findings are also supported by the LIFE study results, which showed that a physical activity intervention (about 150 minutes/week) reduces the risk of developing an activity limitation compared to those who do not increase their activity (17). 
Lastly, when looking just at the association between physical activity and perceived physical fatigability in the probands (Table 2), the findings indicated a strong dose-response relationship between all physical activity quartiles and PFS scores. These results corroborate with the DECOS study where higher perceived physical fatigability was associated with a slower walking speed (32).
In the offspring generation, the multivariate analysis of physical activity and perceived physical fatigability on gait speed provided surprising results. The preliminary analysis of the association between physical activity and gait speed without perceived physical fatigability was very weak (Table 3). Only the 3rd physical activity level quartile showed a significantly independent association between physical activity and gait speed when compared to the quartile with the lowest level of physical activity. Once perceived physical fatigability was added to the model, physical activity was no longer significant for any quartile. A factor to note for these results is that the physical activity data in the Long Life Family Study was collected through the FPAI, a self-reported measure, which has shown to have lower variability compared to objective measures (39). It must be emphasized that the offspring reported much higher levels of physical activity compared to the probands. The offsprings’ physical activity quartiles 2 through 4 ranged between 32.7-80.2 MET-hrs/day, whereas only the 4th quartile in the probands had a similar range of 33.2-55.2 MET-hrs/day. When taking the ranges of these quartiles into account, the lack of a strong relationship between physical activity and gait speed was likely due to the offspring going above a certain threshold of physical activity required to affect gait speed.
The importance of assessing perceived physical fatigability for its strong association with gait speed in older adults is shown from the results for the offspring. The findings were supported by the results of the BLSA study where the mean gait speed in those who maintained their pace was faster than those who slowed during the 400 meter walk (25). The association between perceived physical fatigability and gait speed also concurred with the SEA-P study findings, which also found that faster paced 400 meter walkers’ SFS item scores were 5 points lower compared to their slower counterparts scores (26). 
Finally, we glean from this work that in the offspring the relationship of physical activity and perceived physical fatigability with gait speed was complex, while the findings between higher levels of physical activity and lower perceived physical fatigability show a strong dose response relationship. This evidence is supported by the BLSA study, which found that higher perceived physical fatigability was associated with progressively lower physical activity (31). 
Overall, the strengths of this study include the large sample size in the offspring generation. The PFS provided a robust and validated measurement of perceived physical activity in this cohort (30). This study is also one of the very few that examines the association between physical activity and gait speed, while including the novel measurement of perceived physical fatigability. 
There are some general limitations, such as the problems with carrying out a cross-sectional analysis. The causal direction of physical activity, perceived physical fatigability and their relationship to gait cannot be identified. Physical activity is a self-reported measurement, which may be under or overestimated which may partially explain the results in the offspring generation. The majority of the Long Life Family Study families are white, and the participants are exceptionally healthy, which is not very generalizable.
In conclusion, perceived physical fatigability is strongly independently associated with a faster gait speed in young, but not the oldest adults in the Long Life Family Study cohort after adjustment. Physical activity is strongly independently associated with a faster gait speed in the oldest adults, but not the younger adults in the cohort after adjustment. Future analyses will focus on conducting a mediation analysis to determine how the effect of physical activity occurs in the relationship between perceived physical fatigability and gait speed. 
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