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            COGNITIVE impairment (CI) is a prevalent condition in 
older adults, which signifi cantly affects independent 

function and incident disability ( 1  –  4 ). CI can also advance 
to dementia, a leading cause of long-term care placement 
( 1 , 3 , 4 ). Physical exercise may have a benefi cial effect on 
cognitive functioning and the brain and be a potential path-
way to reducing age-related disability. Observational studies 
have shown that higher levels of self-reported physical ac-
tivity (PA) were predictive of lower rates of dementia ( 5 , 6 ) 
and cognitive decline ( 7  –  9 ) Conversely, other investigators 
have found no relationship ( 10 , 11 ). Randomized trials of 
aerobic exercise in sedentary older adults have demonstrated 
selective improvement in executive control processes ( 12 ) 
and positive effects of exercise on brain volume ( 13 ). How-
ever, the evidence is limited due to the existing randomized 

controlled trial’s (RCT) short interventions (6 months) and 
focus on generally healthy older adults ( 12 , 14 , 15 , 16 ). 

 To address further the need for more knowledge regard-
ing the relationship between exercise and cognitive function 
(CF) in humans, we report the results from the cognitive 
substudy (CS) of the Lifestyle Interventions and Indepen-
dence for Elders pilot (LIFE-P) study. This trial (LIFE-P 
cognition) adds two important contributions to the current 
knowledge base: inclusion of a physically  “ at-risk ”  popula-
tion defi ned by mobility disability measures and a longer 
follow-up than most prior trials. CF was assessed at two 
sites to examine the potential of incorporating cognitive 
outcomes in a larger trial using this intervention and to 
obtain important benchmarks for designing such a trial. We 
provide estimates of the relative impact of the PA program on 
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1-year changes in cognitive outcomes. We also characterize 
relationships that changes in measures of mobility disability 
have with changes in these outcomes, both overall and sepa-
rately within each intervention condition. We use results 
from these analyses to examine more critically the feasibility 
of preventing cognitive decline by using PA interventions.  

 Methods  

 Study Design 
 The design and primary results of the LIFE-P study have 

been reported elsewhere ( 17 ). Briefl y, the LIFE-P study was 
a single-blind multicenter RCT of a PA intervention com-
pared with a  “ successful aging ”  (SA) health education –
 based intervention in sedentary older adults who were at 
higher risk for disability. An additional goal of the pilot study 
was to assess the feasibility of testing the effect of exercise 
on other potential outcomes, including cognition. The over-
all study was conducted at four fi eld centers (Cooper 
Institute, Stanford University [SU], University of Pittsburgh, 
and Wake Forest University [WFU]) and the cognitive sub-
study was conducted at two of the four: SU and WFU.   

 Participants 
 Participants were recruited in the age range of 70 – 89 

years. Additional inclusion criteria included a sedentary life 
style (< 20 min/wk spent in structured PA), able to walk 400 
m within 15 minutes without sitting and without use of any 
assistive device, and Short Physical Performance Battery 
(SPPB) ( 18 ) score 9 or less (of 12). Participants with severe 
heart failure, uncontrolled angina, severe pulmonary dis-
ease, severe arthritis, cancer requiring treatment in the past 
3 years, Parkinson’s disease or other serious neurological 
disorders, life expectancy of less than 12 months, or a Mini-
Mental State Examination score less than 21 were ineligi-
ble. Recruitment strategies and a fl ow diagram of reasons 
for exclusion have been described previously ( 19 ). Per pro-
tocol, the fi rst 50 participants at each participating site were 
administered the cognitive battery (fi nal  n  = 102) at baseline 
for the cognitive substudy pilot.   

 Physical Activity Intervention 
 The PA intervention ( 16 ) consisted of a combination of 

aerobic, strength, balance, and fl exibility exercises divided 
into three phases: adoption (weeks 1 – 8), transition (weeks 
9 – 24), and maintenance (week 25 to the end of the trial). 
Each participant in the PA group received a 45-minute indi-
vidualized, introductory session to describe the intervention 
and to provide individual counseling to optimize safety 
and participation. For the fi rst 2 months (adoption), three 
center-based exercise sessions (40 – 60 minutes) per week 
were conducted in a supervised setting. During the next 4 
months (transition), the number of center-based sessions 

was reduced (two per week) and home-based endurance, 
strengthening, or fl exibility exercises (three or more per 
week) were begun. The subsequent maintenance phase con-
sisted of the home-based intervention, optional once to 
twice per week center-based sessions, and monthly tele-
phone contacts. The PA intervention focused on walking as 
the primary mode of exercise with a goal of progressively 
building to at least 150 minutes weekly ( 20 ).   

 SA Intervention 
 An SA health education intervention was used as the 

active control and was designed to provide attention and 
health education to participants. Participants met in small 
groups weekly for the fi rst 26 weeks and then monthly. 
Sessions included health topics relevant to older adults 
such as nutrition, medications, foot care, and recommended 
preventive services at different ages. Basic educational 
information related to PA was provided, but there was no 
content provided describing the PA intervention.   

 Measurements 
 The cognitive assessment battery was administered at the 

baseline and 12-month clinic visits. To ensure blinding, par-
ticipants were instructed not to discuss their intervention 
during the outcome assessments conducted by blinded staff 
members at locations other than the intervention sites. Preva-
lence of clinical conditions was determined using self-reported 
physician-diagnosed disease information, electrocardio-
gram, and a physician-led clinical exam. The Community 
Healthy Activities Model Program for Seniors questionnaire 
was used to assess self-reported PA in all participants at base-
line and follow-up. Depressive symptoms were assessed using 
the Center for Epidemiological Studies-Depression scale.   

 Outcomes  

 Cognitive.     —   The LIFE-P assessed CF using a battery 
adapted from the Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) — Memory in Diabetes trial ( 21 ). This 
battery was developed specifi cally for the purpose of incor-
porating cognitive assessment as a secondary outcome in a 
large cardiovascular clinical trial (ACCORD). It was chosen 
by the LIFE study investigators based on its broad assess-
ment of domains of cognition likely to be affected by the 
intervention plus our experience from ACCORD on its ease 
of administration and time required in a large trial. Addition-
ally, this battery facilitated balancing the desire to incorpo-
rate cognitive assessment with the overall intervention and 
outcome ascertainment burden to participants in LIFE. The 
cognitive battery consisted of four primary components:

   1.     Digit Symbol Substitution Test  (DSST) ( 22 ) as a mea-
sure of psychomotor speed and working memory ( 23 ). 
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The DSST has proven to be feasible in aging studies and 
large multicenter clinical trials ( 15 , 23 , 24 ), has been val-
idated in similar populations, and is modifi able by exer-
cise interventions ( 25 ). Participants are given a series of 
numbered symbols and then asked to draw the appropri-
ate symbols below a list of random numbers. The score 
is the number of correctly made matches in 1 minute.  

  2.      Modifi ed Stroop test  as a measure of processing speed, 
cognitive fl exibility, and inhibition or disinhibition. 
It was successfully administered to older persons in 
cardiovascular determinants of dementia (CASCADE) 
( 24 ), and the performance on this test correlates with 
aerobic capacity and has shown responsiveness to ex-
ercise in a small RCT ( 25 ). This test consists of three 
subtasks: color word naming, color naming, and nam-
ing of color words printed in a different color from the 
color word (interference component). Participant score 
is the difference between tests 2 and 3.  

  3.     Modifi ed Mini-Mental State Examination  (3MSE) 
( 26 ) is a widely used measure of global cognitive func-
tioning. This is an expanded 100-point version of the 
original Folstein Mini-Mental State Examination.  

  4.     The Rey Auditory Verbal Learning Test   (RAVLT)  ( 27 ), 
a test of short- and long-term verbal memory assessing 
the ability to learn a list of 15 common words. The 
study participant is read this list fi ve times, and after 
each time, he or she immediately recalls as many words 
as possible. Following the fi fth recall, an interference 
list is presented after which the participant is asked to 
spontaneously recall words from the original list. Then, 
a 10-minute interval passes and he or she is asked again 
to remember spontaneously as many words as possible 
from the fi rst list (delayed recall). Scoring is based on 
total correct words across all components.      

 Functional.     —   The SPPB score is based on timed measures 
of standing balance, walking speed, and ability to rise from 
a chair and has been extensively described ( 18 , 28 ). For the 
balance test, participants were asked to maintain their feet 
in side-by-side, semitandem (heel of one foot beside the big 
toe of the other foot), and tandem (heel of one foot in front 
and touching the other foot) positions for 10 seconds each. 
Walking speed was assessed by asking participants to walk 
at their usual pace for a 4-m course. For the chair test, par-
ticipants were asked to stand up from a sitting position with 
their arms folded across the chest fi ve times as quickly as 
possible and the time to perform the test was recorded. Each 
of the three performance measures was assigned a score 
ranging from 0 to 4, with 4 indicating the highest level of 
performance and 0 the inability to complete the test. A 
summary score (range 0 – 12) was subsequently calculated 
by adding the three scores. 

 For comparability to other populations, four categories 
were computed for walking speed and chair stands, according 

to cut points based on quartiles of the time to perform each 
task assessed in the Established Populations for Epidemio-
logic Studies of the Elderly ( 29 ). The speed was scored as 
follows: less than 0.42 m/s = 1; 0.41 – 0.59 m/s = 2; 0.58 –
 0.75 m/s = 3; and more than 0.75 m/s = 4. The time required 
to perform fi ve chair stands was scored as follows: less 
than 16.7 seconds = 1; 13.7 – 16.6 seconds = 2; 11.2 – 13.6 
seconds = 3; and more than 11.1 seconds = 4. 

 For the 400 m walk ( 30 , 31 ), participants were asked to 
walk 10 laps of a 20-m course at their usual pace. Participants 
were allowed to stop and rest if necessary but without sit-
ting. For the follow-up visits (but not for screening), par-
ticipants were allowed to use a cane. For individuals who 
did not complete the 400-m walk, the distance completed 
and the total time used to complete that distance was used to 
calculated gait speed. Handgrip strength was measured 
using a handheld isometric dynamometer (Jaymar; JLW 
Instruments, Chicago, IL). Grip strength was determined by 
the maximum performance in four trials, two using the left 
hand and two using the right and calculated as the average 
grip strength for left and right hands.    

 Statistical Analysis 
 To characterize the sample in this pilot study, means or 

proportions and standard deviations ( SD s) were calculated 
by randomization group for multiple baseline demographic 
and medical history variables. Because this was a pilot 
study, it was not powered to detect meaningful differences 
between groups for the cognition measures. However, the 
information on means,  SD s, and correlations that we ob-
tained were used to determine the feasibility of using these 
outcomes in a proposed larger and more defi nitive main trial 
(Life-M) study   . We calculated unadjusted means and  SD s 
for each cognition measure obtained at the baseline and 
follow-up visits. Analysis of covariance, controlling for 
clinical site and baseline cognition measure, was used to 
estimate the mean difference between intervention groups 
at the 12-month follow-up. Ninety-fi ve percent confi dence 
intervals were calculated for each intervention difference. 
Finally, Spearman correlation coeffi cients were used to in-
vestigate associations between changes (Month 12  −  base-
line) in cognition test scores and changes in physical 
performance measures, after adjusting for intervention group 
random assignment. Because this is an exploratory pilot 
study, we have not controlled Type I error across inferences. 
With 90 participants having data on each variable, we 
have approximately 80% power to detect correlations of 
0.29 or larger, assuming a .05 two-sided alpha level.    

 Results 
 A total of 102 participants were administered the cogni-

tive battery at the baseline examination. Participants’ mean 
age was 77.4 years ( SD  4.3), 70.6% were women, 17.7% 
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were racial or ethnic minorities, and 31.4% had a SPPB 
score of 7 or less. The baseline demographic and health 
characteristics are shown in  Table 1 .     

 Of the 102 baseline participants, 98 (96.1%) remained in 
the study through the Month 12 visit (1 death, 2 study with-
drawals from the overall study, and 1 refused to complete 
the cognition questionnaires during a closeout home visit), 
93 (91.2%) completed some component of the cognitive 
questionnaire battery at the 12-month follow-up, and 92 
(90.2%) completed the Month 12 DSST questionnaire, the 
prespecifi ed primary outcome for this pilot. Of the 5 
remaining participants with missing data on CF, 4 partici-
pants did not receive cognitive testing because a certifi ed 
tester was not available at the time of follow-up at the clinical 
site and 1 participant was in a board-and-care facility and 
unable to be scheduled for a cognition substudy interview 
before study closeout. 

 Unadjusted means for cognition measures at baseline, 
12-month follow-up, and the 12-month change from base-
line are presented in  Table 2 . The PA intervention resulted 
in slightly improved scores at Month 12 for DSST, but there 
were no meaningful differences in the remaining tests. Al-
though the unadjusted means presented in  Table 2  are simi-
lar at 12 months for the DSST score, the adjusted mean 
difference between groups is 1.7 because the SA group had 
a higher baseline mean DSST level. As expected from this 
pilot study, for all outcomes, the adjusted mean differences 
are small relative to the width of the 95% confi dence inter-
vals placed around them.     

 Results of correlation analyses between changes in cog-
nition test scores and changes in physical performance mea-
sures are provided in  Table 3 . These correlation coeffi cient 
estimates adjust for an intervention effect, that is, interven-
tion assignment. A positive correlation between change 
(follow-up minus baseline) in any of the cognition scores, 
with the exception of the Stroop test, and change in the 
physical performance measures is indicative that improve-
ments (or declines) in both measurements track together. 
For the Stroop test, larger values are associated with poorer 
performance, so negative correlations between the change 
measurements are indicative that improvements track. 
Improvements in DSST were signifi cantly associated with 
improvements in total SPPB score, chair stand score, and 
balance score. The estimated correlation between the change 
in the DSST score and the change in the 400-m gait speed 
was positive, as expected ( r  = .15), but not statistically sig-
nifi cant ( p  = .147). Changes in the remaining components of 
the battery were generally in the same direction as the lower 
extremity functional changes. The RAVLT was positively 
correlated with change in the chair stand test ( r  = .21,  
p  = .042) and the Stroop test was marginally associated with 
the balance score ( r  =  − .20,  p  = .059).       

 Discussion 
 These results from the LIFE-P CF substudy show that the 

positive effect of physical exercise on physical function 
may also extend into some domains of CF. To our knowl-
edge, this is the fi rst multicenter randomized clinical trial 

 Table 1.        Baseline Characteristics of Study Participants  

  Variable Total Randomized ( N    =   102) Physical Activity Group ( N    =   50) Successful Aging Group ( N    =   52)  p  Value  

  Age, y 77.44  ±  4.26 76.80  ±  4.37 78.06  ±  4.11 .1371 
 Race/ethnicity,  n  (%) .2613 
     African American/black 14 (13.7) 7 (14.0) 7 (13.5)  
     Caucasian/white 83 (81.4) 39 (78.0) 44 (84.6)  
     Latino, Hispanic, or Spanish 2 (2.0) 2 (4.0) 0 (0.0)  
     Other/mixed 2 (2.0) 2 (4.0) 0 (0.0)  
 Gender,  n  (%) .7590 
     Female 72 (70.6) 36 (72.0) 36 (69.2)  
 Education,  n  (%) .4037 
     High school or equivalency 23 (22.5) 13 (26.0) 10 (19.2)  
     More than high school 78 (76.5) 36 (72.0) 42 (80.8)  
 Self-reported health,  n  (%) .6068 
     Excellent 7 (6.9) 4 (8.0) 3 (5.8)  
     Very good 21 (20.6) 7 (14.0) 14 (26.9)  
     Good 58 (56.9) 31 (62.0) 27 (51.9)  
     Fair 14 (13.7) 7 (14.0) 7 (13.5)  
     Poor 2 (2.0) 1 (2.0) 1 (1.9)  
 Body mass index 28.97  ±  5.08 28.80  ±  5.03 29.14  ±  5.17 .7328 
 Depression scale 8.49  ±  6.64 8.94  ±  7.18 8.06  ±  6.12 .5051 
 Hypertension,  n  (%) 77 (75.49) 39 (78.00) 38 (73.08) .5634 
 Diabetes,  n  (%) 18 (17.65) 10 (20.00) 8 (15.38) .5410 
 Any ADL diffi culty,  n  (%) 90 (88.24) 44 (88.00) 46 (88.46) .9423 
 Diffi culty walking quarter mile,  n  (%) 3 (2.94) 1 (2.00) 2 (3.85) .5812 
 Diffi culty walking 1 mile,  n  (%) 48 (47.06) 20 (40.00) 28 (53.85) .1613 
 SPPB score 7.79  ±  1.27 7.82  ±  1.16 7.77  ±  1.38 .8411  

    Note:  ADL = activity of daily living; SPPB = Short Physical Performance Battery.   
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evaluating the effect of long-term exercise on measures of 
CF and physical function together in a population targeted 
specifi cally for its increased risk for disability and whose 
mean age is more than 70. 

 Preservation of CF in aging is essential to the mainte-
nance of independence and the prevention of institutional-
ization. A 5-year delay in the onset of dementia would result 
in an approximate 50% decrease in the number of dementia 
cases after several decades ( 32 ). Even smaller delays in 
onset, assuming normal rate of decline in CF after onset, 
would still result in substantially lower numbers of cases. 
Therefore, testing interventions such as exercise with the 
potential to prevent or reduce the loss of CF is of high 
public health importance. 

 Performance on the DSST has been previously shown to 
be a reliable cognitive measure for predicting future decline 
in CF in older adults ( 33 ). LIFE-P CS results showed that 
the DSST was associated with change in physical perfor-
mance measures such as standing balance, ability to transfer 
from a chair to standing position, and to some extent walk-
ing speed ( r  = .15). Change in working memory, as mea-
sured by the RAVLT, and in cognitive fl exibility (Stroop 
test) was also associated with positive change in chair stand 
time and balance, respectively. These fi ndings are consis-
tent with past RCTs, which suggest that changes in physio-
logical functioning, aerobic capacity specifi cally, mediate 

the infl uence of exercise on improvements in cognitive 
functioning ( 12 , 14 , 15 , 16 ). Given that persons with evidence 
for dementia were screened out of this population, it is not 
surprising that the results showed no effect on the more 
global cognitive instrument, the 3MSE. 

 Animal models have shown possible underling mecha-
nisms for these fi ndings. Specifi cally, exercise decreases 
amyloid load ( 34 ); positively affects hippocampal neuronal 
function( 35  –  37 ), hippocampal and parietal cortical cholin-
ergic function, and spatial learning ( 38 ); increases levels of 
brain-derived neurotrophic factors; and may protect against 
antioxidant and other forms of neuronal damage ( 39 , 40 ). 

 Although the potentially important relationship of  “ pre-
clinical ”  cognitive defi cits to decrements in physical func-
tional performance has been shown ( 41 ), randomized trials 
are needed to determine if the effect of an exercise interven-
tion positively affects changes in long-term CF in a high 
population. These results support the rationale for including 
cognitive outcomes in randomized trials of exercise to shed 
further light on the potential of role cognition as an effect 
modifi er of the overall functional effect. The LIFE-P CF 
substudy results provide estimates of covariance and attri-
tion necessary to design an effi cient larger trial. We ob-
served a difference at 12 months in the average DSST scores 
between groups of 1.7, approximately 15% of a baseline 
 SD , and the correlation between baseline and 12-month 

 Table 2.        Baseline and Follow-Up Results for Cognition Measures  

  Description Outcome

Physical Activity  Successful Aging  

Difference in 
Unadjusted Means

Difference in Adjusted 
Means (95% CI)   N 

Unadjusted 
Mean ( SD )

Adjusted 
Mean *  ( SE )  N 

Unadjusted 
Mean ( SD )

Adjusted 
Mean *  ( SE )  

  Baseline visit DSST 50 45.70 (12.12) 52 47.69 (12.51)  − 1.99  
 Rey 50 49.82 (14.23) 52 50.85 (14.55)  − 1.03  
 Stroop 49 40.41 (21.90) 52 40.63 (22.90)  − 0.23  
 3MSE 50 89.88 (6.19) 52 90.67 (6.66)  − 0.79  

 12-month visit DSST 44 46.84 (15.31) 47.58 (1.44) 48 46.50 (13.37) 45.84 (1.38) 0.34 1.74 ( − 2.22 to 5.70) 
 Rey 44 54.30 (14.55) 55.12 (1.35) 47 56.23 (14.34) 55.55 (1.31)  − 1.94  − 0.43 ( − 4.17 to 3.31) 
 Stroop 45 40.36 (18.92) 39.61 (2.59) 47 39.09 (24.92) 39.50 (2.51) 1.27 0.11 ( − 7.06 to 7.27) 
 3MSE 45 90.33 (7.07) 90.65 (0.83) 48 91.79 (6.12) 91.51 (0.80)  − 1.46  − 0.86 ( − 3.16 to 1.44) 

 Change from 
 baseline

DSST 44 0.68 (11.32) 0.56 (1.44) 48  − 1.31 (7.61)  − 1.18 (1.38) 1.99 1.74 ( − 2.22 to 5.70) 
 Rey 44 4.73 (8.89) 4.49 (1.35) 47 4.62 (10.12) 4.92 (1.31) 0.11  − 0.43 ( − 4.17 to 3.31) 
 Stroop 44  − 1.23 (16.43)  − 0.95 (2.59) 47  − 0.74 (21.12)  − 1.06 (2.51)  − 0.48 0.11 ( − 7.06 to 7.27) 
 3MSE 45 0.69 (6.10) 0.44 (0.83) 48 1.04 (6.34) 1.30 (0.80)  − 0.35  − 0.86 ( − 3.16 to 1.44)  

   Notes: 3MSE = Modifi ed Mini-Mental State Examination; CI = confi dence interval; DSST = Digit Symbol Substitution Test; SE = standard error.  
  *       Obtained from analysis of covariance with baseline measurements and sites included as covariate.   

 Table 3.        Spearman Correlation Coeffi cients for Changes in Cognition Outcomes Adjusted for Intervention Differences 
(correlation coeffi cients with  p  values and sample sizes in parentheses)  

  Test Total SPPB Grip Chair Stand Balance Gait Speed  

  DSST 0.38 ( p    =   .0002;  n    =   92)  − 0.11 ( p    =   .3251;  n  =   88) 0.26 ( p    =   .0117;  n    =   92) 0.21 ( p    =   .0468;  n    =   92) 0.15 ( p    =   .1472;  n    =   91) 
 Rey short 0.11 ( p    =   .3095;  n    =   91) 0.07 ( p    =   .5283;  n    =   87) 0.22 ( p    =   .0385;  n    =   91) 0.07 ( p    =   .5200;  n    =   91) 0.25 ( p    =   .0193;  n    =   90) 
 Rey interference  − 0.13 ( p    =   .2364;  n    =   91) 0.03 ( p    =   .7811;  n    =   87)  − 0.14 ( p    =   .1954;  n    =   91) 0.05 ( p    =   .6101;  n    =   91)  − 0.21 ( p    =   .0523;  n    =   90) 
 Rey long 0.18 ( p    =   .0860;  n    =   90)  − 0.01 ( p    =   .8925;  n    =   86) 0.20 ( p    =   .0569;  n    =   90) 0.14 ( p    =   .2025;  n    =   90) 0.01 ( p    =   .9417;  n    =   89) 
 3MSE  − 0.001 ( p    =   .9918;  n    =   93) 0.05 ( p    =   .6599;  n    =   89)  − 0.04 ( p    =   .6987;  n    =   93) 0.13 ( p    =   .2122;  n    =   93)  − 0.05 ( p    =   .6274;  n    =   92) 
 Stroop  − 0.07 ( p    =   .5222;  n    =   91)  − 0.09 ( p    =   .4170;  n    =   87) 0.02 ( p    =   .8798;  n    =   91)  − 0.20 ( p    =   .0589;  n    =   91)  − 0.11 ( p    =   .2902;  n    =   90)  

    Note:  3MSE = Modifi ed Mini-Mental State Examination; DSST = Digit Symbol Substitution Test; SPPB = Short Physical Performance Battery.   
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DSST scores was 0.75. Accounting for 8% per year drop-
out, results from the LIFE-P CS allowed us to estimate that 
a total of  N  of 2,000 participants would provide greater than 
90% power to detect the effect size we target (0.15  SD ), 
assuming a two-sided .05 alpha. 

 This pilot study of 102 older adults at risk for mobility 
disability participating in an RCT of a PA intervention 
showed signifi cant correlations between physical and 
cognitive performance. Together with previously published 
literature, these data support the idea that strategies to im-
prove physical performance may improve cognitive perfor-
mance. A full-scale randomized trial is required to determine 
whether PA can prevent the onset of severe CI and demen-
tia. If confi rmed, health care providers for older adults 
in the future may recommend a walking program for the 
preservation of not only physical function but also CF.   

 Funding 

 The LIFE-P study was funded by a grant from the National Institutes of 
Health (NIH)/National Institute on Aging (NIA) (U01 AG22376) and sup-
ported in part by the Intramural Research Program, NIA, NIH. The Wake 
Forest University Field Center was, in part, supported by the Claude D. 
Pepper Older American Independence Center  # 1 P30 AG21332. J.D.W. 
and M.E.M.’s contributions are partially supported by the Roena Kulynych 
Center for Memory and Cognition Research, Wake Forest University 
Health Sciences, Winston-Salem, North Carolina. This study was funded 
by a grant from the NIA. The NIA scientists had substantial involvement in 
the study design, data collection analysis and interpretation, and manu-
script preparation.     

 Correspondence 

 Address correspondence to Jeff D. Williamson, MD, MHS, Roena 
Kulynych Center for Memory and Cognition Research, J. Paul Sticht 
Center on Aging, Wake Forest University Health Sciences, Medical Center 
Boulevard, Winston-Salem, NC 27151. Email:  jwilliam@wfubmc.edu      

  References 
     1.        Aguero-Torres     H   ,    Qiu     C   ,    Winblad     B   ,    Fratiglioni     L    .   Dementing disor-

ders in the elderly: evolution of disease severity over 7 years  . 
  Alzheimer Dis Assoc Disord  .   2002  ;  16  (  4  ):  221   –   227       .   

     2.        Guralnik     JM   ,    Leveille     SG   ,    Hirsch     R   ,    Ferrucci     L   ,    Fried     LP    .   The im-
pact of disability on older women  .   J Am Med Women Assoc  . 
  1997  ;  52  (  3  ):  113   –   120  .   

     3.        Magsi     H   ,    Malloy     T    .   Underrecognition of cognitive impairment in 
assisted living facilities  .   J Am Geriatr Soc  .   2005  ;  53  (  2  ):  295   –   298  .   

     4.      National Institute on Aging  .   2000  .   Progress Report on Alzheimer’s Dis-
ease  .    Bethesda, MD  :   U.S. Department of Health and Human Services, 
Public Health Service  .   Report No.: NIH Publication no. 00 – 4859  .   

     5.        Larson     EB   ,    Wang     L   ,    Bowen     JD   ,   et al   .   Exercise is associated with 
reduced risk for incident dementia among persons 65 years of age 
and older  .   Ann Intern Med  .   2006  ;  144  (  2  ):  73   –   81  .   

     6.        Podewils     LJ   ,    Guallar     E   ,    Kuller     LH   ,   et al   .   Physical activity, APOE 
genotype, and dementia risk: fi ndings from the Cardiovascular Health 
Cognition Study  .   Am J Epidemiol  .   2005  ;  161  (  7  ):  639   –   651  .   

     7.        Laurin     D   ,    Verreault     R   ,    Lindsay     J   ,    MacPherson     K   ,    Rockwood     K    . 
  Physical activity and risk of cognitive impairment and dementia in 
elderly persons  .   Arch Neurol  .   2001  ;  58  (  3  ):  498   –   504  .   

     8.        Weuve     J   ,    Kang     JH   ,    Manson     JE   ,    Breteler     MMB   ,    Ware     JH   ,    Grodstein   
  F    .   Physical activity, including walking, and cognitive function in 
older women  .   JAMA  .   2004  ;  292  (  12  ):  1454   –   1461  .   

     9.        Yaffe     K   ,    Barnes     D   ,    Nevitt     M   ,    Lui     LY   ,    Covinsky     K    .   A prospective 
study of physical activity and cognitive decline in elderly women: 
women who walk  .   Arch Intern Med  .   2001  ;  161  (  14  ):  1703   –   1708  .   

     10.        Wilson     RS   ,    Mendes de Leon     CF   ,    Barnes     LL   ,   et al   .   Participation in 
cognitively stimulating activities and risk of incident Alzheimer Dis-
ease  .   JAMA  .   2002  ;  287  (  6  ):  742   –   748  .   

     11.        Yamada     M   ,    Kasagi     F   ,    Sasaki     H   ,    Masunari     N   ,    Mimori     Y   ,    Suzuki     G    . 
  Association between dementia and midlife risk factors: the Radiation 
Effects Research Foundation Adult Health Study  .   J Am Geriatr Soc  . 
  2003  ;  51  (  3  ):  410   –   414  .   

     12.        Kramer     AF   ,    Hahn     S   ,    Cohen     NJ   ,   et al   .   Ageing, fi tness and neurocogni-
tive function  .   Nature  .   1999  ;  400  (  6743  ):  418   –   419  .   

     13.        Colcombe     SJ   ,    Erickson     KI   ,    Scalf     PE   ,   et al   .   Aerobic exercise training 
increases brain volume in aging humans  .   J Gerontol A Biol Sci Med 
Sci  .   2006  ;  61  (  11  ):  1166   –   1170  .   

     14.        Lautenschlager     NT  ,     Cox     KL  ,     Flicker     L  ,     Foster     JK  ,     van Bockxmeer     FM  , 
    Xiao     J  ,     Greenop     KR  ,     Almeida     OP    .   Effect of physical activity on cogni-
tive function in older adults at risk for Alzheimer disease: A random-
ized trial  .   J Am Med Assoc.     2008  ;  300  (  9  ):  1027   –   1037  .   

     15.        Colcombe     S   ,    Kramer     AF    .   Fitness effects on the cognitive function of 
older adults: a meta-analytic study  .   Psychol Sci  .   2003  ;  14  (  2  ):
  125   –   130  .   

     16.        Kramer     AF   ,    Erickson     KI   ,    Colcombe     SJ    .   Exercise, cognition and the 
Aging Brain  .   J Appl Physiol  .   2006  ;  101  (  4  ):  1237   –   1242  .   

     17.        Rejeski     WJ   ,    Fielding     RA   ,    Blair     SN   ,   et al   .   The lifestyle interventions 
and independence for elders (LIFE) pilot study: design and methods  . 
  Contemp Clin Trials  .   2005  ;  26  (  2  ):  141   –   154  .   

     18.        Guralnik     JM   ,    Simonsick     EM   ,    Ferrucci     L   ,   et al   .   A short physical per-
formance battery assessing lower extremity function: association 
with self-reported disability and prediction of mortality and nursing 
home admission  .   J Gerontol  .   1994  ;  49  (  2  ):  M85   –   M94  .   

     19.        Katula     JA   ,    Kritchevsky     SB   ,    Guralnik     JM   ,   et al   .   Lifestyle interven-
tions and independence for elders pilot study: recruitment and base-
line characteristics  .   J Am Geriatr Soc  .   2007  ;  55  (  5  ):  674   –   683  .   

     20.      Physical Activity and Health: A Report of the Surgeon General  .    
Atlanta, GA  :   U.S. Department of Health and Human Services, Centers 
for Disease Control and Prevention, National Center for Chronic 
Disease Prevention and Health Promotion     .   

     21.        Williamson     JD   ,    Miller     ME   ,    Bryan     RN   ,   et al   .   ACCORD Study Group. 
The Action to Control Cardiovascular Risk in Diabetes Memory in 
Diabetes Study (ACCORD-MIND): rationale, desigh, and methods  . 
  Am J cardiol  .   2007  ;  99  (  12A  ):  112   –   122     .   

     22.        Wechsler     D    .   1988  .   Wechsler Adult Intelligence Scale-Revised  .    New 
York  :   Psychological Corp  .   

     23.        Salthouse     TA    .   The role of memory in the age decline in digit-symbol 
substitution performance  .   J Gerontol  .   1978  ;  33  (  2  ):  232   –   238  .   

     24.        Launer     LJ   ,    Oudkerk     M   ,    Nilsson     LG   ,   et al   .   CASCADE: a European 
collaborative study on vascular determinants of brain lesions. Study 
design and objectives  .   Neuroepidemiology  .   2000  ;  19  (  3  ):  113   –   120  .   

     25.        Dustman     RE   ,    Ruhling     RO   ,    Russell     EM   ,   et al   .   Aerobic exercise train-
ing and improved neuropsychological function of older individuals  . 
  Neurobiol Aging  .   1984  ;  5  (  1  ):  35   –   42  .   

     26.        Teng     EL   ,    Chui     HC    .   The Modifi ed Mini-Mental State (3MS) exami-
nation  .   J Clin Psychiatry  .   1987  ;  48  (  8  ):  314   –   318  .   

     27.        Lezak     MD    .   1995  .   Neuropsychological Assessment  ,    3rd ed  .   New 
York  :   Oxford University Press  .   

     28.        Simonsick     EM   ,    Montgomery     PS   ,    Newman     AB   ,    Bauer     DC   , 
   Harris     T    .   Measuring fi tness in healthy older adults: the Health 
ABC Long Distance Corridor Walk  .   J Am Geriatr Soc  .  2001  ;  49  (  11  ):
  1544   –   1548  .   

     29.        Guralnik     JM   ,    Ferrucci     L   ,    Pieper     CF   ,   et al   .   Lower extremity function 
and subsequent disability: consistency across studies, predictive 
models, and value of gait speed alone compared with the short 
physical performance battery  .   J Gerontol A Biol Sci Med Sci  .   2000  ;
  55  (  4  ):  M221   –   M231  .   

     30.        Marsh     AP   ,    Miller     ME   ,    Saikin     AM   ,   et al   .   Lower extremity strength 
and power are associated with 400-meter walk time in older 
adults: the InCHIANTI study  .   J Gerontol A Biol Sci Med Sci  . 
  2006  ;  61  (  11  ):  1186   –   1193  .   



WILLIAMSON ET AL.694

     31.        Rolland     YM   ,    Cesari     M   ,    Miller     ME   ,    Penninx     BW   ,    Atkinson     HH   ,    
Pahor     M    .   Reliability of the 400-m usual-pace walk test as an assess-
ment of mobility limitation in older adults  .   J Am Geriatr Soc  . 
  2004  ;  52  (  6  ):  972   –   976  .   

     32.        Kawas     CH   ,    Brookmeyer     R    .   Aging and the public health effects of 
dementia  .   N Engl J Med  .   2001  ;  344  (  15  ):  1160   –   1161  .   

     33.        Carmelli     D   ,    Swan     GE   ,    LaRue     A   ,    Eslinger     PJ    .   Correlates of change in 
cognitive function in survivors from the Western Collaborative Group 
Study  .   Neuroepidemiology  .   1997  ;  16  (  6  ):  285   –   295  .   

     34.        Adlard     PA   ,    Perreau     VM   ,    Pop     V   ,    Cotman     CW    .   Voluntary exercise 
decreases amyloid load in a transgenic model of Alzheimer’s disease  .   
J Neurosci  .   2005  ;  25  (  17  ):  4217   –   4221  .   

     35.        Fordyce     DE   ,    Farrar     RP    .   Enhancement of spatial learning in F344 rats 
by physical activity and related learning-associated alterations in hip-
pocampal and cortical cholinergic functioning  .   Behav Brain Res  . 
  1991  ;  46  (  2  ):  123   –   133  .   

     36.        Fordyce     DE   ,    Starnes     JW   ,    Farrar     RP    .   Compensation of the age- 
related decline in hippocampal muscarinic receptor density 
through daily exercise or underfeeding  .   J Gerontol  .   1991  ;  46  (  6  ):  
B245   –   B248  .   

     37.        Shen     H   ,    Tong     L   ,    Balazs     R   ,    Cotman     CW    .   Physical activity elicits sus-
tained activation of the cyclic AMP response element-binding protein 
and mitogen-activated protein kinase in the rat hippocampus  .   Neuro-
science  .   2001  ;  107  (  2  ):  219   –   229  .   

     38.        Fordyce     DE   ,    Farrar     RP    .   Physical activity effects on hippocampal and 
parietal cortical cholinergic function and spatial learning in F344 
rats  .   Behav Brain Res  .   1991  ;  43  (  2  ):  115   –   123  .   

     39.        Smith     AD   ,    Zigmond     MJ    .   Can the brain be protected through exer-
cise? Lessons from an animal model of parkinsonism  .   Exp Neurol  . 
  2003  ;  184  (  1  ):  31   –   39  .   

     40.        Stummer     W   ,    Weber     K   ,    Tranmer     B   ,    Baethmann     A   ,    Kempski     O    .   Re-
duced mortality and brain damage after locomotor activity in gerbil 
forebrain ischemia  .   Stroke  .   1994  ;  25  (  9  ):  1862   –   1869  .   

     41.        Atkinson     HH   ,    Cesari     M   ,    Kritchevsky     SB   ,   et al   .   Predictors of com-
bined cognitive and physical decline  .   J Am Geriatr Soc  .   2005  ;  53  (  7  ): 
 1197   –   1202  .    

   Received   June     2  ,   2008  
      Accepted   October     16  ,   2008   
   Decision Editor: Luigi Ferrucci, MD, PhD          


