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Abstract

Objective—We tested whether declining motor function accelerates with age in older African 

Americans.

Methods—Eleven motor performances were assessed annually in 513 older African Americans.

Results—During follow-up of 5 years, linear mixed-effect models showed that motor function 

declined by about 0.03 units/yr (Estimate, −0.026, p<0.001); about 4% more rapidly for each 

additional year of age at baseline. A proportional hazard model showed that both baseline motor 

function level and its rate of change were independent predictors of death and incident disability 

(all p’s <0.001). These models showed that the additional annual amount of motor decline in 85 

year old persons at baseline versus 65 year old persons was associated with a 1.5-fold higher rate 

of death and a 3-fold higher rate of developing Katz disability.

Conclusions—The rate of declining motor function accelerates with increasing age and its rate 

of decline predicts adverse health outcomes in older African Americans.
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1 INTRODUCTION

Late-life motor impairment is a common concomitant of aging and increasingly recognized 

as a barrier to the maintenance of independence and well-being in old age.1–3 Many studies 

have shown that the level of motor function is associated with adverse health outcomes 
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including the risk of death,4, 5 incident disability,1 cognitive decline and risk of Alzheimer’s 

disease.6 However, loss of motor function, such as reduced strength or slowed walking, is 

progressive in many older adults.7, 8

Nonetheless, there are few studies which have employed repeated objective motor 

performances in older African Americans to determine if the rate of change in motor 

function increases with age or have examined the extent to which the rate of progressive 

motor decline contributes to survival or incident disability in this population. Such data are 

crucial for efforts to decrease the personal and societal burden of late-life motor impairment 

in older African Americans and for efforts to eliminate health disparities.

We used clinical data collected from more than 500 community-dwelling older African 

Americans participating in the Minority Aging Research Study (MARS).9 Subjects 

underwent structured testing at baseline and at annual follow-up for up to 10 years. A global 

motor score was employed to summarize 11 motor performances as previously described.10

We examined its annual rate of change via a series of linear mixed-effect models which 

included terms for age, sex, and education and their interaction with the rate of change of 

global motor scores. Next, we examined whether baseline health status or frequency of 

physical activities might affect the rate of change in motor function. In further analyses, we 

examined a proportional hazard model which included separate terms for baseline level and 

the rate of change in global motor scores to determine whether they are independently 

associated with the risk of adverse health outcomes. Finally, we calculated the contribution 

of the rate of change in global motor scores to risk of death and incident disability.

2 METHODS

2.1 Participants

Participants included self-identified African Americans from an epidemiologic cohort study 

of risk factors for cognitive decline called the Minority Aging Research Study (MARS). 9 

The cohort consists of non-institutionalized seniors over the age of 65 who agreed to annual 

clinical evaluations and cognitive testing. The cohort was recruited from various 

community-based organizations, churches, and senior subsidized housing facilities in and 

around the Chicago metropolitan area and was approved by the Institutional Review Board 

of Rush University Medical Center.

Since its inception in August, 2004, 932 subjects have been recruited into MARS, including 

283 recruited from the Clinical Core of Rush Alzheimer’s Disease Center using identical 

recruitment procedures by the same staff.11 Due to participant burden, motor testing was 

only recently introduced in the MARS subjects from the Clinical Core. The longitudinal 

analyses which were examined in this work required us to include only persons who had 

completed a baseline motor assessment and had one or more follow-up assessments and is 

illustrated in Figure 1. On average, participant’s had 5 follow-up assessments (mean 5.1, 

SD=2.74; range 2–11).
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2.2 Clinical Diagnoses

Clinical diagnoses were made using a multi-step process, as previously described.12 

Cognitive function testing included 19 performance tests summarized into a composite 

measure of global cognition as described previously.13 Participants were then evaluated by 

an experienced physician who diagnosed dementia,14 stroke,15 or Parkinson’s disease 

(PD)16 or other neurological and psychiatric disorders based on published criteria.

2.3 Assessment of Motor Function

A uniform structured clinical evaluation is performed each year that includes medical 

history, neurologic examination, and neuropsychological performance tests.

Eleven motor performances employed by other investigators were assessed. (1) Grip and (2) 

pinch strength were measured bilaterally using the Jamar® hydraulic hand and pinch 

dynamometers (Lafayette Instruments, Lafayette) to assess manual strength. Upper 

extremity dexterity was based on (3) the number of pegs that could be placed into holes in a 

pegboard (Purdue Pegboard) in thirty seconds. Two trials were recorded for each hand. The 

four trials were averaged to provide a Purdue Pegboard score. In addition, (4) participants 

tapped an electronic tapper (Western Psychological Services, Los Angeles, CA) with their 

index finger as quickly as possible for ten seconds. Two trials were performed for each 

hand. The four trials were averaged together to yield a tapping score. To evaluate gait, we 

asked people to walk eight feet and turn 360° and measured the (5, 6) time and (7, 8) 

number of steps taken on each task. (9) To assess balance, we asked people to stand on each 

leg for ten seconds. (10) Persons were asked to stand on their toes for ten seconds. (11) We 

also asked people to walk an eight foot line heel to toe and counted the number of steps off 

line.

These measures were scaled and averaged to obtain a summary global motor score as 

previously described.10, 17 Composite measures of manual strength (2 tests), manual 

dexterity (2 tests), and gait (4 tests), were formed in a similar manner. We did not form a 

composite balance measure because the balance tests, unlike the other motor tests, were 

sometimes not attempted.10, 18 This composite global motor score has been previously 

reported to be associated with risk of mortality, incident disability and dementia.10 In 

addition, using this global motor score, we have found a wide range of degenerative brain 

neuropathologies are associated with declining motor function proximate to death.19, 2021

2.4 Assessment of Other Covariates

Demographics: Sex was recorded at the baseline interview. Age in years was computed 

from self-reported date of birth, and date of the clinical examination at which the strength 

measures were first collected. Education (reported highest grade or years of education) was 

obtained at the time of the baseline cognitive testing. Body Mass Index (BMI): Weight and 

height were measured and recorded at each visit and BMI was calculated as weight in 

kilograms divided by height in meters squared. Chronic Health Conditions: As previously 

described,22 the number of 3 self-reported vascular risk factors (i.e. hypertension, diabetes 

mellitus, and smoking), and the number of 4 self-reported vascular diseases (i.e., myocardial 

infarction, congestive heart failure, claudication and stroke) were used in these analyses.22 
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Physical Activity: Physical activity was assessed using questions adapted from the 1985 

National Health Interview Survey. Activities included walking for exercise, gardening or 

yard work and calisthenics. The number of activities performed was used in these 

analyses.23 Disability: Basic activities of daily living (ADLs) were assessed using a 

modified version of the Katz scale which assesses six activities: feeding, bathing, dressing, 

toileting, transferring, and walking across a small room. For these analyses, participants who 

reported needing help with or an inability to perform one or more tasks were classified as 

being disabled.24 Mortality: Study staff are in regular contact with participants. If we learn 

that a participant has died, we obtain the date of death from the death certificate, if possible. 

When an autopsy is obtained, date of death is known promptly. In cases where this was not 

possible, additional mechanisms for determining vital status included attempts with 

telephone calls to family contacts or National Death Index.

2.5 Statistical Analyses

We first examined the bivariate associations of global motor scores with demographic 

variables (age; sex; education) and other covariates via Spearman’s rank correlation (rho).

We next used linear mixed-effect models25 to assess both the level and the annual rate of 

change in global motor scores and its association with age, sex and education. The core 

model included a term for Time in years since as well as terms for 3 demographic variables 

at baseline and a term for their interaction with time since baseline. The term for Time 

indicates the average annual rate of change in global motor score for a typical participant (a 

73 year old female with 15 years of education); the term for age indicates the average 

difference in global motor score at baseline associated with a year difference in age; and the 

interaction of age with time indicates the effect of a 1 year difference in age on the annual 

rate of change in global motor scores. Then we examined whether the interaction of age and 

the rate of change in motor scores was affected by several covariates that might affect motor 

function.

Finally, to determine the clinical significance of motor decline, we constructed Cox 

proportional hazards models to determine the association of the rate of motor decline and 

several adverse health outcomes. These models controlled for age, sex, education, and 

baseline global motor function. Models were examined graphically and analytically and 

assumptions were judged to be adequately met. A priori level of statistical significance was 

0.05. Programming was done in SAS version 9.3 (SAS Institute Inc, Cary, NC).26

3 RESULTS

3.1 Descriptive Properties of Global Motor Score

There were 513 participants included in these analyses. Their age at baseline ranged from 58 

to 94 with an average age of 73.4 (SD=6.12 years) with interquartile range of 7.58 years. 

Additional clinical characteristics of these participants at baseline are in Table 1.

Baseline global motor scores ranged from 0.57 to 1.33 with higher values indicating better 

function. Global motor scores were approximately normally distributed (mean, 1.00; SD, 

0.16). Global motor score was associated with age (Rho= −0.48, p<0.001), education 
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(Rho=0.23, p<0.001), BMI (Rho= −0.13, p=0.003), physical activities (Rho=0.25, p<0.001), 

vascular diseases (Rho −0.23, p<0.001) and vascular risk factors (Rho= −0.12, p=0.006). 

Global motor scores were similar in men (mean 1.01 (SD= 0.16) and women (mean 0.99; 

SD, 0.17, t[511] = −0.99, p=0.321).

3.2 Level and Annual Rate of Change in Global Motor Score in Older African American 
Adults

To document change in motor function and examine the associations of demographic 

variables with both the estimated level of motor function at baseline and its rate of change 

over time during the study, we employed a linear mixed-effect model which included 7 

terms. The results for each of the 7 terms are presented in Table 2 (Model 1). This model 

derives a person-specific slope measure to summarize the annual rate of change in global 

motor scores (Term 1). This model includes an additional 6 terms. Three of these terms 

(Terms 2, 4 and 6) refer to the cross sectional associations of age, sex and education with the 

level of motor function at study baseline. The other 3 interaction terms refer to whether the 

rate of change of global motor scores varied with age, sex or education (Terms 3, 5 and 7). 

Table 2 (Model 1) shows the results for each of the 7 terms included in this model and are 

summarized below.

Term1. Annual Rate of Change in Global Motor Score—The first term of this 

model summarizes the mean annual rate of change in the global motor score for an average 

participant, a 73 year old female with 15 years of education. During a mean follow-up of 5 

years (mean = 5.1; SD = 3.28 years), since the sign for this term is negative, global motor 

score declined by about 0.03 unit/year.

Figure 2 illustrates the heterogeneity of declining motor function for a 25% random sample 

of the participants included in these analyses. Each line in the figure shows the person-

specific change in the rate of global motor score during the study.

Term2. Age and Level of Global Motor Score—At baseline, age was inversely related 

to the level of global motor score. Thus, for each additional year above the mean of 73 

years, the level of global motor score was lower by 0.013 units/yr. Thus, during up to 10 

years of follow-up, the estimated annual rate of decline is twice what would be expected 

based solely on the cross-sectional effect of age estimated at baseline. This can be derived 

by comparing the Estimate of Age: 0.013 (Term 2) versus Estimate of Change in global 

motor score: 0.026 (Term 1).

Term 3. Age and Annual Change in Global Motor Score—The third term 

summarized whether baseline age was associated with the annual rate of change of global 

motor score during the study. The estimate for this term was negative and significant 

suggesting that the rate of decline was more rapid in individuals who were older at study 

entry.

Figure 3 illustrates the effect of age on the trajectory of declining global motor scores for 3 

average participants age 65, 75 and 85 years old, respectively, at study entry. Global motor 

scores declined by about 3.8% more rapidly per year (about 0.001 unit/yr) for each year 
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above 73 years old at baseline (Table 2, Model 1-Term 3). Thus, the rate of decline of global 

motor scores accelerates with increasing baseline age and is almost twice as fast in 

individuals 85 years old at study entry versus individuals 65 years old.

Terms 4–7. Sex and Education and Level and Annual Change in Global Motor 
Score—The level of global motor score at baseline was higher in males as the estimate for 

this term was positive (Terms 4). Similarly, the level of global motor score at baseline was 

higher for each additional year of education above 15 years (Term 6). Although motor 

function may differ between men and women across the lifespan, the rate of change in 

global motor scores did not vary between men and women in this sample (Term 5). The rate 

of change in global motor scores also did not vary with education (Term 7).

Secondary Analyses—The rate of declining global motor scores might be more rapid in 

participants with motor disorders. In sensitivity analyses, the associations of age with 

declining global motor scores were unchanged when we excluded cases with a history of PD 

(N=6) or stroke (N=22) at baseline (results not shown).

Chronic health conditions and lifestyle could account for a more rapid rate of declining 

global motor scores. The annual rate of change in global motor scores did not vary with 

chronic health conditions (Table 3, Terms A2 and B2), physical activity (Table 3, Terms C2) 

or BMI (Table 3, Terms D3 and D4). Chronic health conditions and physical inactivity 

could account for the more rapid rate of declining global motor scores with increasing age. 

The association of age and the rate of change in global motor scores was unchanged when 

we controlled for 3 chronic vascular risk factors and 4 diseases, BMI and self-reported 

physical activity (Table 3, Term 3).

3.3 Clinical Significance of the Annual Rate of Change in Global Motor Score in Older 
African American Adults

To determine the clinical significance of the annual rate of change in global motor scores, 

we constructed Cox proportional hazards models which adjusted for age, sex, education and 

baseline level of global motor score, to examine the risk of adverse health outcomes.

There were 66 of 513 (12.9%) persons who died during the study and 87 of 494 (17.6%) 

who developed Katz disability during follow-up. Baseline level of global motor score and its 

annual rate of change were independent predictors of death and disability (Table 4).

Next we used these models to calculate the increased risk of death and disability associated 

with increasing age. We compared the hazard rates of two groups of female participants with 

15 years of education and average motor function at baseline, one group being age 65 at 

baseline and one group being age 85. In these 2 groups, the mean increase in average annual 

decline in global motor scores in the older group was associated with an 1.5-fold increased 

rate of death and a 3.1-fold increased rate of developing Katz disability.

3.4 Annual Rate of Change in the Components of Global Motor Score in Older Adults

Global motor score is constructed from several different motor performances which might 

decline at different rates. All three components showed a more rapid decline with increasing 
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age. Gait and strength showed a faster annual rate of change as compared to upper extremity 

dexterity (Table 2, Change in motor measure/year).

4 DISCUSSION

In a cohort of more than 500 older community-dwelling African American adults, repeated 

annual objective measures of several motor performances showed that declining motor 

function accelerates with increasing age. This association was not attenuated when we 

adjusted for the severity of concomitant health conditions, physical activity or body 

composition at baseline. Both the level and rate of change in motor function were 

independently associated with survival and subsequent development of disability. These data 

suggest that late-life motor impairment is a progressive disorder and is likely to become a 

larger public health challenge in our aging population.

Motor impairment is a common concomitant of aging and is associated with a wide range of 

adverse health outcomes.10 Moreover, studies have shown that both the level and rate of 

change of motor function in older adults are independent predictors of subsequent risk of 

death and disability.7, 8, 27 However, there are few studies in African Americans which have 

examined repeated objective measures of different motor performances over time.28–30 The 

current study found that while there is heterogeneity in the person-specific change in motor 

function, overall most African Americans show some degree of progressive loss of motor 

function (Figure 1).

While the progressive loss of motor function which was documented in the current study 

was common, it is not “benign,” since the rate of motor decline independently predicts risk 

of death and incident disability in older African Americans. Moreover, the rate of declining 

motor function in these analyses was higher with increasing age at baseline. The number of 

adults older than 65 is projected to increase from 40 to 70 million by 2030. Moreover, adults 

over 65 will be increasingly diverse, as the percentage of older non-hispanic whites will 

decrease from 80% to 70% and the percentage of older African Americans will increase to 

comprise 10% of the older population.31 Thus, based on the findings in the current study 

that motor decline accelerates with age, it can be expected that late-life motor impairment 

will become an even larger problem in our aging and increasingly diverse population. These 

findings underscore the need to explicate the biology underlying age-related motor decline 

so as to provide new strategies and interventions to meet this growing public health 

challenge.

Older adults show a wide spectrum of loss of motor abilities ranging from mild decreased 

muscle strength and bulk and reduced speed and dexterity to overt motor impairments with 

concomitant disability. For example, grip strength and walking speed have been studied 

extensively across the lifespan, but methodologic differences in the performances assessed 

and testing protocols make it difficult to compare different studies.32–35 Nonetheless, these 

studies, based on cross sectional data, show that after midlife, increasing age in adults is 

associated with lower levels of function. These cross sectional studies may underestimate 

the rate of age-related motor decline. Based on cross sectional analysis in the current study 

grip strength would be expected to decline by about −0.35kg/yr similar to a previous 
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study.32 As reported by prior studies, the magnitude of decline documented in the current 

longitudinal analysis for grip strength, almost 0.70kg/yr, was larger than expected based on 

the cross-sectional analysis.36–39 While hand grip has been commonly used as a surrogate 

for muscle strength loss, there may be regional differences in the rate of declining muscle 

strength.40, 41 Moreover, the varied manifestations of loss of different motor abilities and 

individual differences in their rates of decline may account in part for the heterogeneity 

observed in the rate of decline in global motor scores in this study (Figure 1). Thus, some of 

these factors may account for differences in the rate of change in the individual motor 

performances used to construct the global motor score. For example, upper extremity 

dexterity did not decline as rapidly as strength and gait (Table 2). These findings may reflect 

disparities in the fidelity of the instruments employed to measure motor performances in this 

study. Nonetheless, they are also likely to reflect differences in the rates of decline in the 

range of motor abilities which were measured. Recent work by our group has shown that 

using a whole body sensor when testing a standard motor performance test the Timed Get 

Up and Go task shows that even this “simple” performance is a complex motor task which 

can be decomposed into several more basic subtasks that may be differentially affected in 

older adults.42 A broad range of interventions are likely to be necessary to compensate for 

these heterogeneous impairments.

The phenotypic heterogeneity of late-life motor impairment and its varied progression is due 

in part to the complexity of the anatomical substrate underlying motor function as well as 

due to its varied pathologic basis. Motor control systems reside both within the brain and 

other CNS regions including the brainstem and spinal cord. Moreover, via peripheral nerves, 

these motor control systems are integrated together with peripheral musculoskeletal 

structures and non-neurologic systems such as cardiopulmonary function and systemic 

metabolism essential for movement. Not only does the anatomical substrate of specific 

motor abilities differ, but these structures can be differentially affected by diverse diseases 

and age-related processes. For example, it is well known that focal brain lesions (e.g., 

stroke, hydrocephalus) and diseases can affect vulnerable populations of neurons in discrete 

locations in the brainstem (e.g., PD) or spinal cord (e.g., ALS, myelopathy) and can thus 

impair some aspects of motor function while leaving others intact.43–46 To extend the 

findings of the current study will require longitudinal objective measures of a wider range of 

motor abilities in older African Americans and strategies to explicate their underlying 

pathologic basis.42 These data are crucial for the development of interventions and 

treatments which are more specific and can be individualized to meet the growing challenge 

of impaired motor function in older adults, and would be targets for interventions in African 

Americans who as a population, have greater disability.47

Our study has some limitations. Most importantly, inferences regarding causality must be 

drawn with great caution from observational studies. Testing of other accepted standardized 

motor performances like Chair Stand Test or motor assessment batteries like the Timed Get 

Up and Go would have facilitated comparison of the current results with other studies.33, 50 

Many of the health measures employed were based on self-reported data, further studies 

employing objective measures of vascular risk factors and diseases are needed. Furthermore, 

objective measures of physical activity are imperative given its importance for health and 

motor function in particular. Although, participants in this cohort share similar 
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characteristics i.e, BMI, hypertension and smoking, with other older African 

Americans,48,49 our cohort is a convenience sample of relatively well-educated African 

Americans, and the current findings will need to be replicated in the general population. 

Further, direct comparison to non-Hispanic whites will allow us to determine whether these 

results represent an important health disparity for older African Americans.

Several factors increase confidence in our findings. Perhaps most importantly, the study 

enjoys high follow-up participation, reducing bias due to attrition. In addition, motor 

function was evaluated as part of a uniform clinical evaluation which incorporated reliable 

strength and motor performance measures. Furthermore, strength and motor performance 

testing was done for the arms and legs. In addition, a relatively large number of older 

African Americans were studied, so that there was adequate statistical power to identify the 

associations of interest while controlling for several potentially confounding variables.
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Highlights

We tested whether declining motor function accelerates in older African Americans.

The rate of motor decline increased an additional 4%/year of age at baseline.

Both level and rate of motor decline predicted death and incident disability.
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Figure 1. 
MARS Participants Included and Excluded from Current Study
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Figure 2. Person-specific paths of annual rate of change in global motor scores
The figure is organized according to the age of the participant at each evaluation; the length 

of each line relative to the x-axis indicates the total years of observation for that individual. 

For visual clarity, the line segments shown in this figure correspond to a 25% random 

sample of the group. Each line segment is a person-specific estimated path obtained from a 

linear random-effects model which included terms for time in study; age, sex, and education; 

and their interactions with time. The line segment for each individual begins at the baseline 

age and continues until the age at the last motor assessment. The Y axis shows the scale for 

global motor scores and the X axis shows age.
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Figure 3. Annual Rate of Change in Global Motor Scores Accelerates With Increasing Age at 
Baseline in Older African American Adults
This figure illustrates how the annual rate of change in global motor scores varies with 

baseline age by showing mean trajectories of declining global motor scores during the study 

for 3 groups of MARS participants, females with 15 years of education and with different 

ages at baseline.
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Table 1

Clinical Characteristics Participants at Baseline

Variable Mean (SD) or N (%)

Age (yrs) 73.4 (6.12)

Sex (N,% female) 377 (73.5)

Education (yrs) 15.0 (3.53)

Mini-mental status exam (0–30) 27.8 (2.30)

BMI (all) 30.3 (6.34)

 BMI male 28.5 (5.23)

 <20 3 (2.3%)

 20–<25 35 (31.5%)

 25–<30 42 (27.8%)

 ≥30 53 (22.8%)

 BMI female 30.5 (6.61)

 <20 6 (1.6%)

 20–<25 76 (20.2%)

 25–<30 115 (30.6%)

 ≥30 179 (47.6%)

Global motor score 1.00 (0.16)

 Grip strength (kg) 26.6 (9.52)

 Pinch strength (kg) 6.8 (2.41)

 Finger taps for 10s 55.2 (8.82)

 Purdue pegboard (# pegs/30s) 11.2 (2.22)

 8 foot walk speed (m/s) 0.56 (1.06)

 Steps for 8 foot walk 6.5 (1.54)

 Time to complete 360° turn (s) 5.1 (2.13)

 Steps for 360° turn 8.2 (2.40)

 Leg stand duration (s) 6.6 (3.20)

 Toe stand duration (s) 8.5 (2.80)

 Errors on tandem walk 2.0 (2.98)

ADL Disability (≥1 ADL) 19 (3.7%)

Vascular risk factors (0–3) 1.5 (0.85)

 Hypertension 386 (75.2%)

 Diabetes 134 (26.1%)

 Smoking (past or current) 256 (49.9%)

  Past 224 (43.7)

  Current 32 (6.2%)

Vascular diseases (0–4) 0.21 (0.48)

 Stroke 22 (4.3%)

 Myocardial infarction 35 (8.3%)
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Variable Mean (SD) or N (%)

 Congestive heart failure 21 (4.1%)

 Claudication 28 (5.5%)

Physical activities (0–3) 1.2 (0.95)
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Table 4

Association of Change in Global Motor Score and Adverse Health Outcomes+

Model Term Risk of Death Risk of Disability

Age 1.02 (0.97,1.07) 1.06 (1.01, 1.10)

Sex 1.52 (0.91, 2.53) 0.40 (0.22, 0.71)

Education 1.00 (0.92, 1.07) 1.02 (0.96,1.09)

Baseline Global Motor Score 0.56 (0.42,0.75) 0.39 (0.30,0.51)

Change in Global Motor Score/year 0.55 (0.42,0.72) 0.37 (0.27,0.51)

+
Hazard Ratios (95% Confidence Interval) for each of the terms in 2 separate Cox proportional hazard models showing the association of level of 

baseline and the annual rate of change in global motor score with survival and incident disability.
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