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The lIFe Cognition study: design and baseline 
characteristics

Abstract: Observational studies have shown beneficial relationships between exercise and cog-

nitive function. Some clinical trials have also demonstrated improvements in cognitive function 

in response to moderate–high intensity aerobic exercise; however, these have been limited by 

relatively small sample sizes and short durations. The Lifestyle Interventions and Independence 

for Elders (LIFE) Study is the largest and longest randomized controlled clinical trial of physical 

activity with cognitive outcomes, in older sedentary adults at increased risk for incident mobility 

disability. One LIFE Study objective is to evaluate the effects of a structured physical activity 

program on changes in cognitive function and incident all-cause mild cognitive impairment 

or dementia. Here, we present the design and baseline cognitive data. At baseline, participants 

completed the modified Mini Mental Status Examination, Hopkins Verbal Learning Test, Digit 

Symbol Coding, Modified Rey–Osterrieth Complex Figure, and a computerized battery, selected 

to be sensitive to changes in speed of processing and executive functioning. During follow up, 

participants completed the same battery, along with the Category Fluency for Animals, Boston 

Naming, and Trail Making tests. The description of the mild cognitive impairment/dementia 

adjudication process is presented here. Participants with worse baseline Short Physical Perfor-

mance Battery scores (prespecified at 7) had significantly lower median cognitive test scores 

compared with those having scores of 8 or 9 with modified Mini Mental Status Examination score  

of 91 versus (vs) 93, Hopkins Verbal Learning Test delayed recall score of 7.4 vs 7.9, and Digit 

Symbol Coding score of 45 vs 48, respectively (all P0.001). The LIFE Study will contribute 

important information on the effects of a structured physical activity program on cognitive 

outcomes in sedentary older adults at particular risk for mobility impairment. In addition to its 

importance in the area of prevention of cognitive decline, the LIFE Study will also likely serve 

as a model for exercise and other behavioral intervention trials in older adults. 

Keywords: exercise, physical activity, older adults, dementia

Introduction
Evidence is rapidly accumulating to support the benefits of exercise for the brain and 

cognitive function. In human and animal studies, exercise has been shown to have 

beneficial effects on growth factors such as brain-derived neurotrophic factor, neu-

rogenesis, resistance to brain insult, perfusion, connectivity, the promotion of gene 

expression fostering brain plasticity,1–5 and brain volume.6–9 Exercise has also been 

shown to decrease beta-amyloid plaques in transgenic Alzheimer’s mice.10 In addi-

tion to biologic data, there are considerable epidemiologic data to support a beneficial 

relationship between exercise and cognition.11–13 For example, Yaffe et al found that 

among 5,925 community-dwelling older women, those who reported higher baseline 

physical activity (PA) (blocks walked per week) had significantly less cognitive 

decline over the next 8 years.11 Several small randomized controlled trials (RCTs) 

have demonstrated improvements in executive function and memory in response to 
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aerobic exercise.14,15 An RCT of a home exercise program 

in participants with mild cognitive impairment (MCI) found 

a small benefit of exercise on global cognition measured 

by the Alzheimer’s Disease Assessment Scale – Cognitive 

subscale.16 However, the control group also had very high 

levels of exercise (10,000 steps walked per day), which 

may have reduced the overall effect size. No RCT has been 

conducted with sufficient size and duration to assess the long-

term impact of a PA intervention on cognitive function.

The Lifestyle Interventions and Independence for Elders 

(LIFE) Cognition Study builds on its pilot study data that 

demonstrated significant improvement in physical function 

and potential benefit for cognitive function.17 This large-scale, 

Phase III RCT aims to overcome the limitations of previous 

exercise trials by enrolling a larger sample of physically at-risk 

older adults and following their cognitive function for at least 

2 years, including assessment for incident MCI and dementia. 

Here we describe the LIFE Cognition Study design, methods, 

and baseline characteristics of the cohort. The primary goal 

of the LIFE Cognition Study is to determine whether struc-

tured PA results in relatively better cognitive function and/

or reduces the risk for incident MCI or dementia (MCI/D) 

compared with successful aging health education (SA).

Methods
Participants and intervention
The LIFE Study is a Phase III multicenter RCT (Clinical-

Trials.gov identifier NCT01072500) designed to compare a 

moderate-intensity PA program with SA to assess effects on 

major mobility disability, defined as inability to walk 400 m. 

The details of the LIFE Study design and intervention have 

already been published.18 Briefly, participants (n=1,635) were 

enrolled across eight field centers (University of Florida, 

Gainesville; Northwestern University; Pennington Biomedi-

cal Research Center; Stanford University; Tufts University; 

University of Pittsburgh; Wake Forest University; and Yale 

University). At baseline, the participants were 70–89 years 

old, sedentary, and at high risk for mobility disability, based 

on a Short Physical Performance Battery (SPPB)19,20 score 

9, but were able to walk 400 m unassisted. Persons with a 

diagnosis of dementia were excluded. In addition, persons 

were also excluded if their cognitive function on the Modified 

Mini Mental State Examination (3MSE)21 was so low as to be 

concerning for dementia. Education- and race/ethnicity-based 

cutoffs were employed. Participants with 9 years of educa-

tion were excluded if their 3MSE score was 70 for African 

 Americans and Spanish speakers or 76 for English-speaking,  

non-African Americans. Participants with 9 years of 

education were excluded if their 3MSE score was 76 for 

African Americans and 80 for Spanish speakers and 

English-speaking, non-African Americans. The interven-

tion consisted of aerobic, strength, flexibility, and balance 

training, with a general weekly walking goal of 150 minutes 

at moderate intensity, and at least two sessions per week of 

strength, flexibility, and balance exercise. 

Cognition hypotheses for the lIFe study
The primary outcome for the LIFE Study was the incidence of 

major mobility disability. The outcomes assessed by the LIFE 

Cognition Study represent secondary and tertiary aims of the 

LIFE Study. Our hypothesis was that compared with partici-

pants randomly assigned to SA health education, participants 

randomly assigned to structured PA would demonstrate: 

•	 Better cognitive function, specifically processing speed 

and memory, as measured by the Digit Symbol Cod-

ing (DSC) task from the Wechsler Adult Intelligence  

Scale – Third Edition and the Hopkins Verbal Learn-

ing Test – Revised (HVLT-R) (secondary outcomes of 

LIFE);

•	 Better overall cognitive performance measured with a 

composite of all cognitive measures (tertiary outcome 

of LIFE); and

•	 Lower risk of the combined outcome of all-cause MCI 

or dementia.

Cognitive measures
Cognitive function was assessed by trained, certified neu-

rocognitive technicians, using a pencil and paper battery 

and a computerized battery. For 21 Spanish speakers, the 

tests were administered in Spanish by a native speaker, 

using validated Spanish versions of the 3MSE, HVLT-R, 

and DSC. Directions for the other tests were translated by a 

professional translator. 

Pencil and paper cognitive battery
These well-validated tests were selected to measure an array 

of cognitive domains. At baseline, the tests included the 

3MSE,21 the DSC task from the Wechsler Adult Intelligence 

Scale – Third Edition,22 the HVLT-R,23 and the modified 

Rey–Osterrieth Complex Figure (mROCF)24 copy. The 

3MSE is a test of global cognitive function that assesses a 

broad variety of cognitive measures and is scored 0–100, 

with higher scores indicating better performance. The DSC 

is a measure of attention, working memory, and psychomo-

tor speed.25 Participants must transcribe a code into a series 

of numbered boxes as quickly and accurately as possible.  
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The score is the number of correct symbols (0–133) 

 transcribed in 120 seconds. The HVLT-R is a 12-item word 

list learning and memory test. The list is repeated three times, 

generating a sum of the learning trials (0–36 points). After a 

20-minute delay, participants are asked to recall the words 

(0–12). In the mROCF copy, a measure of visuospatial skill, 

participants are asked to copy a complex geometric figure. 

The score is the number of correct elements copied (0–24). 

At year 2 of follow up, the above tests were readminis-

tered along with a 15-item version of the Boston Naming 

Test,26 the Trail Making Test (TMT),27 and the Category 

Fluency for Animals test. The Boston Naming Test is a test 

of confrontation naming whereby participants are shown 

a series of pencil drawings and asked to name the drawn 

objects. The TMT is a test of visuomotor speed (part A) 

and executive function (part B). In TMT-A, participants are 

asked to draw a line connecting circled numbers from 1 to 

25 as fast and accurately as possible. The score is the time 

(0–300 seconds) required to connect the circles. In TMT-B, 

participants are asked to draw a line connecting ascending, 

alternating, numbers and letters (1-A-2-B-3-C, etc). The 

score is the time (0–300 seconds) required to complete the 

task. The test is stopped if participants cannot complete it 

in 300 seconds or if five errors are made, in which case, 

the scores of 300 seconds and five errors are recorded. The 

Category Fluency for Animals test is a test of verbal fluency 

and executive function. Participants are asked to generate 

the names of as many animals as possible in 60 seconds. To 

determine whether any cognitive impairment has impacted 

functioning in daily living, we administered the Functional 

Assessment Questionnaire (FAQ)28 to an informant for each 

participant who scored 88 on the 3MSE. Depression, which 

may affect cognitive performance, was assessed with the 

eleven-item version of the Center for Epidemiologic Stud-

ies Depression scale (CES-D),29 which queries depressive 

symptoms experienced in the previous week. Scores are 

transformed, using the procedure recommended by Kohout 

et al to make it compatible with the full 20-item instru-

ment.30 Total scores range from 0 to 60, with higher scores 

indicating more depressive symptoms. 

Computerized battery
Following a successful pilot study,31 a battery of computer-

ized cognitive tests was selected to add greater sensitivity 

for measuring speed of processing and executive function. 

This was administered on a laptop at baseline and either 18 or 

30 months. Initially, the follow-up computerized battery was 

planned at year 2, but sites and the Steering Committee felt 

that participant burden was too high at that visit. Thus, the 

computerized battery was moved to month 18 for most par-

ticipants and month 30 for those who had already completed 

the month 18 visit when the protocol was changed (n=403). 

Three tasks were chosen as each tapped an aspect of execu-

tive function that has previously been shown to improve in 

older adults following a PA intervention designed to enhance 

aerobic fitness.32,33 They included the n-back task (1-back and 

2-back),34,35 the Eriksen flanker task,36 and a task switching 

paradigm.36,37 The n-back task requires participants to use 

working memory to identify items presented nth places (1 or 

2) earlier in a sequence and is evaluated by calculating the dif-

ference between hits (correct identifications) and false alarms 

(items incorrectly identified as occurring nth places earlier). 

Selective attention and the ability to inhibit the effect of dis-

tracting information were measured using the flanker task, 

in which participants are asked to indicate which direction 

the central arrow is pointing. In the flanker task, the central 

arrows are flanked by either congruent (arrows pointing in 

the same direction) or incongruent items (arrows pointing 

in the opposite direction). Reaction times (RT) for correct 

responses were measured for both congruent and incongruent 

conditions. Participants should respond more slowly in the 

incongruent condition relative to the congruent condition, and 

the difference score, computed by subtracting congruent RTs 

from incongruent RTS, should be smaller for those with better 

inhibitory processing. The task switching measure assesses 

attentional flexibility by having participants alternate between 

performing two different tasks using the same stimuli (letter/

digit pairs). Participants are asked to make a judgment about 

either the letter or the digit, and consecutive trials require the 

same (nonswitch trials) or the other judgment task (switch 

trials). Similar to the flanker task, RTs are calculated, for  

correct responses on switch and nonswitch trials, along with 

a difference score, in which nonswitch RTs are subtracted 

from switch RTs. Switch RTs are expected to be greater than 

nonswitch RTs, and a smaller difference score is associated 

with better cognitive flexibility.

Adjudication of incident MCI/D
Incident all-cause combined MCI/D is an exploratory out-

come of the LIFE Study. Classification of participants into one 

of three categories – no impairment, MCI, or dementia – is 

 adjudicated by clinicians with expertise in the diagnosis of cog-

nitive impairment (neurologists, geriatricians, psychiatrists, 

and geropsychologists). The criteria for MCI and dementia 

are based on modified 2011 National Institute on Aging –  

Alzheimer’s Association clinical consensus criteria.38,39  
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The criteria for MCI in the LIFE Study are: 1) objective 

impairment (1.5 standard deviation [SD] below the age- 

and education-adjusted means) in one or more cognitive 

domains in the pencil and paper test battery; 2) cognitive 

decline compared with previous scores or from estimated 

premorbid functioning, based on comparison with age- 

and education-appropriate normative data; 3) absence of 

significant functional impairment, based on the FAQ; and  

4) criteria for dementia are not met. MCI is further subclas-

sified into four possible subtypes: amnestic single domain, 

amnestic multidomain, non-amnestic single domain, and 

non-amnestic multidomain MCI. The dementia criteria are: 

1) objective impairment (1.5 SD below age- and education-

adjusted means) in two or more cognitive domains in the test 

battery; 2) decline compared with previous scores or from 

estimated premorbid functioning, based on comparison with 

age- and education-appropriate normative data; 3) evidence 

that cognitive deficits significantly interfere with ability to 

function at usual activities, based on the FAQ; and 4) deficits 

are not explained by delirium or major psychiatric disorder, 

as assessed at the annual visit and by review of supplemental 

data (eg, CES-D scores, records of hospitalizations, etc). 

Each case is assigned to two reviewers blinded to 

the intervention assignment. Reviewers have access to 

participants’ demographics, test scores, medical history, 

medications, any hospitalizations or serious adverse events, 

self-reported functional status (disability questionnaire), 

depression score, FAQ score, and the tester’s notes about 

vision or hearing impairment or any other problems during 

the testing. Disagreements are discussed until resolved by 

group consensus on regularly scheduled conference calls 

(Figure 1). Baseline and year 2 cases are adjudicated so that  

incident MCI and dementia cases (as well as progression 

from MCI to dementia) can be ascertained. 

Figure 1 Flow diagram for cognitive classification.
Abbreviations: 3MSE, modified Mini Mental Status Examination; FAQ, Functional Assessment Questionnaire; MCI, mild cognitive impairment.

Adjudication by two experts 

Relevant data
assembled

Administer FAQ to proxy 

Yes

Cognitive battery by
certified technician 

No further
cognitive assessments 

No

MCI Dementia Cognitively normal

Consensus 

3MSE ≤88?
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Analyses
The primary outcome for the LIFE Study is the incidence of 

major mobility disability.18 The outcomes assessed by the 

LIFE Cognition Study represent secondary and tertiary aims 

of the LIFE Study. The LIFE Cognition Study has prespecified 

a structured approach to guide the analysis and interpretation 

of its cognitive endpoints. Its principal findings will be the 

relative impact of random assignment to the PA versus SA 

interventions on two outcomes: the DSC (overall) score and 

the average of the immediate and delayed recall scores from 

the HVLT-R. The LIFE Cognition Study has been powered 

based on these outcomes. Separate inferences (two-tailed type 

1 error of 0.05) for differences in the year 2 means for the DSC 

and HVLT-R will be based on analyses of covariance (with 

markers for clinic site, sex, and baseline scores as covariates). 

Four subgroup comparisons have been prespecified for the 

principal DSC and HVLT-R scores, defined by baseline SPPB 

scores (8 versus 8), baseline 3MSE (90 versus 90), 

sex, and age (70–79 years versus 80 years). 

Support for findings from these inferences will primarily 

derive from parallel analyses of the following outcomes: 

•	 Year 2 performance on the 3MSE, 

•	 Year 2 performance on the mROCF copy, 

•	 A composite from the year 2 pencil and paper tests, 

formed by averaging standardized scores from the DSC, 

HVLT-R, 3MSE, and mROCF.

•	 Mean congruent and noncongruent scores from the  

Eriksen flanker task (at 18 or 30 months),

•	 Mean switching and nonswitching scores from the task 

switching tests,

•	 Correct 1-back and 2-back test scores,

•	 A composite formed by averaging standardized scores 

from the four computer battery scores listed above, and

•	 An overall score calculated by averaging standardized 

scores from all the tests listed above.

For the exploratory aim to assess whether assignment 

to PA versus SA affects the incidence of MCI/D across 

2 years, logistic regression will be used to assess whether 

the proportion of participants diagnosed with MCI/D varies 

by intervention assignment. Baseline adjudicated status for 

MCI, the level of global cognitive function (3MSE score), 

clinical site, and education status ( high school, high 

school graduate) will be used as covariates in this analysis. 

Prespecified subgroups will be the same as used for the 

primary outcome.

In this manuscript, we present the baseline characteristics 

and baseline cognitive performance. We show comparisons 

across protocol prespecified subgroups, based on SPPB 

scores and race/ethnicity. Comparisons were made using 

Student’s t-tests, for continuous, normally distributed mea-

sures, and the Wilcoxon signed-rank test for continuous, 

nonnormally distributed measures; chi-square tests were 

used to compare categorical variables. 

Results 
Characteristics of the randomized participants (n=1,635) are 

shown in Table 1, and most of these have been previously 

published.40 Briefly, participants had a mean (SD) age of 

78.9 (5.2) years; 67.2% were female, and 78.9% were White. 

The participants were well-educated, with 67.2% having 

Table 1 Characteristics of the life Cognition study participants

Characteristic Mean (SD) or %

Age (years) 78.9 (5.23)
Female 67.2%
race/ethnicity*

non-hispanic white
African American
Asian
hispanic
Other

78.9%
18.2%
1.0%
3.7%
1.2%

education 
 high school
some high school/high school  
graduation/geD (years 9–12)
 high school (years 0–8)

67.2%
30.1%

2.8%
Alcoholic drinks per week 

0 drinks
1–2 drinks
3–5 drinks 
6–7 drinks 
8 drinks 

1.8 (3.5)
61.2%
17.9%
8.2%
5.5%
7.2%

smoking status
never-smoked
Former smoker
Current smoker

51.9%
45.0%
3.1%

BMI (kg/m2) 30.2 (6.08)
sPPB score 7.4 (1.61)
4 m gait speed (m/sec) 0.76 (0.16)
Chronic conditions

hypertension
Diabetes
history of stroke/TIA

71.0%
25.4%
6.7%

Creatinine (mg/dl) 0.96 (0.33)
epworth sleepiness scale score 10 9.6%
Ces-D mean (sD)

% score 15
9.2 (8.4)
19.6%

MCI 8.6%
Dementia^ 0.3%

Notes: n=1,635. *Participant could respond “Yes” to more than one race/eth-
nic group. ^Five participants were randomized who were later adjudicated to have  
dementia at baseline. They will be excluded from the incident dementia outcome.
Abbreviations: BMI, body mass index; Ces-D, Center for epidemiologic studies 
Depression scale; geD, general education Diploma; sD, standard deviation; sPPB, 
short physical performance battery; TIA, transient ischemic attack.
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greater than high school education. The mean (SD) SPPB 

score at baseline was 7.4 (1.61), with a relatively slow gait 

speed (0.76 m/s [0.16]). Participants who were excluded 

for low 3MSE (n=120) but who were otherwise eligible, 

were older (mean [SD] age was 80.4 [5.1] versus 78.3 [5.2]) 

(P0.0001) and less likely to be White (66.7% versus 78.9%) 

(P=0.002) compared with the randomized participants. 

Ineligible participants were also less likely to be married 

(21.7% versus 35.7%) (P0.001) and were less likely to 

have attended college (34.9% versus 67.6%) (P0.0001). In 

spite of the exclusion criteria for dementia and poor 3MSE 

scores, five participants were adjudicated to have dementia 

at baseline (0.3%). They will be excluded from the incident 

MCI/D outcome. Participants adjudicated to have MCI at 

baseline (8.6%) will be eligible for the dementia outcome. 

In Table 2, we present the baseline mean or median 

cognitive test scores for the entire cohort and by prespecified 

subgroups. The baseline median (interquartile range [IQR]) 

3MSE score of the LIFE participants was 93 (88–96); the 

DSC score was 46 (38–54); and the mROCF copy score was 

17.5 (15–20). The mean (SD) HVLT-R delayed recall was 

7.7 (2.8) words. Scores for participants with poorer physical 

performance (SPPB performance of 7) were significantly 

lower than those for participants with better baseline physical 

performance (SPPB 8–9) in all tests except the mROCF copy 

(Table 2). Baseline scores for non-White participants were 

also lower than for Whites (all P0.001) (Table 2). On the 

computerized tasks, participants with poorer physical func-

tion scored lower on 1- and 2-back accuracy and performed 

worse at task switching. For non-White participants, only 

2-back accuracy was worse when compared with White par-

ticipants. Though non-White participants had slower reaction 

times than did Whites on both task switching and the flanker 

task, the difference scores were not lower for non-Whites, 

suggesting that they were not performing worse in terms of 

the executive function component of the tasks (Table 2).

Discussion
The LIFE Study is, to our knowledge, the largest and longest 

trial of PA with cognitive outcomes in older sedentary adults 

at increased risk for incident mobility disability. Observa-

tional studies have linked self-reported PA to better cognitive 

function and less cognitive decline over time.11–13 This RCT is 

testing these observations by assessing whether a PA program 

primarily focused on walking prevents cognitive decline in 

older adults. The results could have particular importance 

given the exponential rise in the number of older adults in 

developed countries and a consonant rise in the prevalence 

and incidence of MCI and dementia along with the associated 

personal and societal costs for these conditions. Adding to its 

potential impact is the fact that the LIFE Study intervention 

can be easily implemented in a broad spectrum of commu-

nities and recommended by primary care physicians, and is 

consistent with national recommendations for 150 minutes 

of PA per week.41

The baseline cognitive function of the LIFE cohort, 

measured by the 3MSE, was similar to that of other clini-

cal trials of older adults assessing cognitive outcomes. For 

example, in the Ginkgo Evaluation of Memory Study, the 

mean age (79.1 years) and mean 3MSE scores (93.4) were 

very close to those of the LIFE Study.42 In the Women’s 

Health Initiative Memory Study, the mean 3MSE score was 

95.1, but participants were younger.43 In the RCT of the effect 

of exercise on cognitive outcomes in persons with subjec-

tive memory complaints (no dementia) by Lautenschlager 

et al the mean age of participants was 68.7 (n=170), and 

their mean DSC performance was 54.316 compared with a 

median performance of 46 in LIFE participants (who are 

older, more frail, and more ethnically diverse). The LIFE 

cognitive battery measures several key cognitive functions 

– global cognitive function, executive function, process-

ing speed, memory, language, and visuospatial function. 

As expected, our baseline data confirms that participants 

with poorer physical performance also had poorer cognitive 

performance. An important question that the LIFE Study 

will be able to answer is whether the impact of a structured 

PA program has the same effect on cognition regardless of 

baseline physical function.

Incident all-cause MCI/D is an exploratory outcome of 

the LIFE Study because it is unlikely that we will observe a 

statistically significant between-group difference in incident 

MCI/D due to anticipated low power and relatively short 

duration of follow-up (2 years). Due to the slowly progressive 

nature of Alzheimer’s disease, by far the most common cause 

of dementia,44 and the long lag between the development of 

brain pathology and clinical manifestations,45 longer follow up 

will likely be needed to determine whether this 2-year inter-

vention will have beneficial effects on incident MCI/D.

In conclusion, the LIFE Study will provide important 

information on the effects of a long-term structured PA 

program on cognitive outcomes in older sedentary adults 

at heightened risk for mobility disability. In addition to its 

importance in the area of prevention of cognitive decline, the 

LIFE Study will likely contribute additional useful informa-

tion relating to exercise and other behavioral intervention 

delivery in older adults. 
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Figure S1 research investigators for the lIFe study.
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