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Abstract

Objective—Physical activity may reduce the risk of cognitive decline in the elderly, but its

effects among the oldest old are not well known. Our study assessed the association between very

late life physical activity and 5-year risk of mild cognitive impairment (MCI) or dementia and

neuropsychological test performance among oldest old women.

Design—Prospective.

Setting—Three study sites.

Participants—1249 women (mean age 83.3 ± 2.8).

Measurements—Baseline physical activity was measured by self-reported blocks walked per

week and analyzed by tertile. Five years later, surviving participants who were 85 and older
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(oldest old) completed neuropsychological testing and underwent adjudication of clinical

cognitive status (normal, MCI, or dementia). All analyses were adjusted for baseline age,

education, cognition, depression, body mass index, hypertension, smoking, and coronary artery

disease.

Results—Comparedto women in the lowest tertile, women in the highest tertile were less likely

to develop dementia compared to those in the lowest tertile (13.0% vs 23.2%, multivariate

adjusted odds ratio, 0.54; 95% confidence interval, 0.36–0.82). However, risk of MCI was not

associated with physical activity. Physical activity was also associated with higher performance 5

years later on tests of global cognition, category fluency, and executive function but not phonemic

fluency, memory, or attention.

Conclusions—Higher level of very late-life physical activity was associated with a lower risk of

subsequent dementia in oldest old women. These findings support future studies for late-life

physical activity interventions for the prevention of dementia among oldest old women.

Keywords

Cognitive aging; physical activity; cohort studies; dementia; oldest old

OBJECTIVE

Several studies have reported that greater physical activity during the life course, starting as

early as the teenage years through late life, is associated with a reduced risk of cognitive

decline and cognitive impairment in the elderly.1–6 Several randomized controlled trials

support these findings, although others have been negative.6 It is not well known, though,

whether very late-life physical activity continues to be protective in those 85 and over, a

group often known as the oldest old. The oldest old is the fastest growing segment of the

elderly population7 and may be distinct because of survival effects and the etiology of

dementia in this age group, as suggested by the 90+ Study which found that cardiovascular

risk factors were not as strongly associated with cognitive impairment as seen in the young

old.8 Studies investigating the oldest old have estimated the prevalence of mild cognitive

impairment (MCI) to be at least 20–30%8,9 and dementia to be 40%.9–14 Given the rising

health care costs and caregiving needs due to cognitive impairment,15 interventions that may

reduce the risk of cognitive decline in the oldest old population would be valuable. In this

study, we tested our hypothesis that higher levels of very late-life physical activity would be

associated with lower rates of cognitive impairment, as measured by the presence of MCI or

dementia 5 years later, among women 85 and over. We also hypothesized that very late-life

physical activity would be associated with better cognitive test performance 5 years later.

METHODS

Sample

Participants in this study were recruited from the Study of Osteoporotic Fractures (SOF).

SOF is a prospective cohort study of 9704 community-dwelling, mostly Caucasian women

from four sites (Baltimore, Md., Minneapolis, MN; Monongahela Valley, PA; and Portland,

OR).16 Baseline eligibility criteria included participants being able to ambulate without
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assistance from another person and no bilateral hip replacements. Since the initial study

visit, follow-up visits were conducted approximately every 2 to 4 years. All women

provided written informed consent; IRB approval for the use of human subjects at each

study site and at the coordinating center, the University of California at San Francisco was

obtained.

We studied women from the original SOF cohort (mean age 83.3 ± 2.8) who participated in

Women Cognitive Impairment Study of Exceptional Aging (WISE), an ancillary study

looking at clinical cognitive status.9 SOF WISE was conducted at all the sites except at the

Baltimore site at the Year 20 visit, and as part of this study, women completed a

neuropsychological battery and underwent adjudication of clinical cognitive status. Of the

1299 women who were 85 years or older at follow-up and participated in SOF WISE, 50

were excluded because at our study baseline (Year 16 visit), they did not report their

physical activity status (n = 41) or reported being diagnosed with dementia including

Alzheimer’s disease (AD) or taking medications for AD (n = 9). The remaining 1249 non-

demented women made up our cohort. For our study, Year 16 was defined as our baseline,

and Year 20 was our follow-up, with a mean interval of 5 years between these two visits.

We collected women’s demographic information upon enrollment including age,

educational level, ethnicity and marital status. At our baseline and follow-up visits,

participants also reported their medical history, including whether a health care provider had

informed them that they had various medical conditions such as hypertension, angina,

myocardial infarction, diabetes, stroke, and dementia. Coronary artery disease (CAD) was

defined as the presence of angina or myocardial infarction. Participants also completed

questionnaires about their lifestyle and physical activity. Medication use over the past 30

days was confirmed by examination of pill bottles (medication and dosage) which

participants brought in. Depressive symptoms were measured using the Geriatric Depression

Scale 15-item (GDS-15). We defined depression as being present if participants had GDS-15

scores of 6 or over (an established cutoff for significant depressive symptoms).17 Informants

also completed the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE),

which queries about changes in participants’ cognition and function.18 Body mass index

(BMI) was calculated based on measured height and weight.

Physical Activity Measurement

Women were also asked, on average, about the number of city blocks or equivalent (10

blocks ≈ 1 mile) they typically walked each day for exercise or as part of their normal

routine.

Cognitive Assessments

At baseline, a modified Mini-Mental State Examination (mMMSE), a test of global

cognition which is shortened version (score 0 to 26) of the Mini-Mental State Examination

(MMSE) and Trails B, a test of executive function and psychomotor speed, were

administered. At the 5-year follow-up, a neuropsychological testing battery was

administered, including the Modified Mini-Mental State Examination (3MS),19 a measure of

global cognition (0–100 points); digit span backwards,20 a test of working memory or
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attention (0–14 points); the California Verbal Learning Test II Short Form (CVLT II),21 a

test of verbal learning and memory, including a 10 minute delayed recall portion (0–9

points); verbal fluency tests in which participants had to name as many different words

starting with the letter “f” within a minute (phonemic fluency) and as many different

vegetables within a minute (category fluency) as possible;22 and Trails B.

Clinical cognitive adjudication at follow-up

Clinical cognitive adjudication consisted of two phases: 1) a screening process and 2) a

panel evaluation of those women who screened positive. Women screened positive if they

met of any of the following criteria: 1) a score less than 88 on the 3MS;23 2) a score less

than 4 on the CVLT-II delayed recall;21 3) a score of 3.6 or greater on the IQCODE;18 4) a

diagnosis of dementia as per the medical history; and 5) residence in a nursing home. Those

who did not meet any of these criteria were considered to be cognitively normal. In the

second phase, women who screened positive underwent adjudication by one randomly

selected member of a panel of experts (neuropsychologists, geropsychologist, and

neurologists) to determine whether the women were cognitively normal or met criteria for

MCI or dementia. Decisions about cognitive status were based on the detailed

neuropsychological tests, GDS-15 scores, cognitive test scores from current and previous

visits, functional status, medications, and medical history. The diagnosis of dementia was

based on Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) criteria.24

The diagnosis of MCI was based on a modified version of the Petersen criteria,25 which is

defined as cognitive impairment that does not meet the criteria for dementia and generally

intact functioning. Cognitive impairment was defined as performance on neuropsychological

testing that was 1.5 standard deviations or more below age-appropriate reference values. 25

Functional status was determined by the IQCODE. If women did not have an informant,

functional status was based on self-reported performance on ADLs (activities of daily

living) and instrumental ADLs. Those who did not meet the criteria for MCI or dementia

were classified as cognitively normal.

Statistical analysis

Since the distribution of the number of blocks walked per week at baseline was significantly

right-skewed, women were divided by tertile into low, moderate, and high activity according

to the number of blocks walked per week at baseline. The number of subjects for each

activity level varied slightly because the number of blocks reported was an integer, which

resulted in some clustering around certain values. Differences by each activity level for

baseline characteristics were compared using analysis of variance (ANOVA) (continuous

variables) and χ2 tests (categorical variables). Although women were diagnosed with

subtypes of MCI and dementia, subtypes for each cognitive diagnosis were combined

because of insufficient power for subgroup analyses. To evaluate the association between

baseline physical activity and the 5-year risk of cognitive impairment (MCI or dementia),

we used logistic regression analyses. The reference group was women with normal

cognition. Results were then adjusted for baseline age, education, and mMMSE; and further

adjusted for baseline medical conditions with a p-value < 0.10 (BMI, smoking,

hypertension, depression, and CAD). We also compared the effects of physical activity on

neuropsychological performance at 5-year follow-up using generalized linear modeling
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(GLM). All GLM analyses, unless indicated otherwise, were multivariate (MV) adjusted for

age, education, mMMSE, BMI, smoking, hypertension, depression, and CAD. Decline in

performance for mMMSE and Trails B was measured by calculating the difference between

performance at baseline and 5 year follow-up. To ensure our findings were not overly

influenced by participants who led a highly active lifestyle, we performed a sensitivity

analysis with the removal of those subjects who walked ≥3 miles per day (the top 5% of the

cohort). For all analyses, P < 0.05 was considered to be statistical significant. SAS version

9.2 (SAS Institute, Inc., Cary, North Carolina) was used for all analyses.

RESULTS

The average number ± standard deviation (SD) (range) of blocks walked per week at

baseline for the 1249 women was 64.0 ± 72.6 (0–504) and for the low, moderate and high

activity level, respectively, was 7.1 ± 5.9 (0–20); 36.2 ± 12.5 (21–69), and 138.9 ± 73.4 (70–

504). About 10.9% of participants reported that they did not walk at all for recreation or as

part of their daily routine, whereas the top 5% led a highly active lifestyle, walking 3 or

more miles per day. Women with high activity level were younger and had higher education

levels, fewer depressive symptoms, lower BMI, higher performance on baseline mMMSE

and Trails B, and lower rates of hypertension, CAD, and smoking (Table 1).

The adjudicated cognitive diagnoses at follow-up for the 1249 women were: 750 women

(60.0%) had normal cognition, 287 women (23.0%) had MCI, and 212 women (17.0%) had

dementia. For women with low activity level, 212 subjects had a diagnosis of normal

cognition, 86 had MCI, and 90 had dementia. For women with moderate activity level, 250

subjects had a diagnosis of normal cognition, 99 had MCI, and 64 had dementia. For women

with high activity level, 288 subjects had a diagnosis of normal cognition, 102 had MCI, and

58 had dementia (overall χ2
[4, N = 1249] = 17.2, p = 0.002). Compared to those with low

activity level, women with high activity level were 53% less likely to have a diagnosis of

dementia: 13.0% vs 23.2%, odds ratio (OR) = 0.47; 95% confidence interval (CI), 0.33–

0.69, Wald χ2
[1, N = 962] = 15.2, p < 0.001; adjustment for age, education and baseline

cognitive scores were similar with an adjusted OR (AOR) = 0.57; 95% CI, 0.38–0.85, Wald

χ2
[1, N = 962] = 7.5, p = 0.006. Compared to women with low activity level, women with

moderate activity level also had less diagnoses of dementia: 15.5% vs 23.2%, OR= 0.60;

95% CI, 0.42–0.87, Wald χ2
[1, N = 962] = 7.2, p = 0.007, and AOR = 0.65; 95% CI, 0.44–

0.97, Wald χ2
[1, N = 962] = 4.6, p = 0.032. Further adjustment for baseline comorbidities did

not appreciably change the results (Figure). Moreover, for every 10 blocks walked per day

(approximately a mile), women had a 25% (multivariate OR = 0.75; 95% CI 0.62–0.91,

Wald χ2
[1, N = 962] = 8.8, p = 0.003) lower odds of a diagnosis of dementia. However, there

was no difference by activity level for risk of MCI (22.8% for high, 24.0% for moderate,

and 22.2 % for low activity level, Wald χ2
[2, N = 1037] = 0.26, p = 0.88).

Generalized linear modeling (GLM) regression was used to analyze the association between

baseline physical activity and decline on MMSE and Trails B from baseline to 5-year

follow-up and neuropsychological performance at 5-year follow-up. Baseline physical

activity was positively associated with slower decline on the mMMSE (1.4 points for the

high tertile and 2.2 points for the low tertile, t = 3.20, df = 1153, p = 0.001) and Trails B
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(31.1 for the high tertile and 41.5 seconds for the low tertile, t = −2.28, df = 935, p = 0.023)

over the 5-year follow-up period. At the 5-year follow-up, baseline level of physical activity

was positively associated with cognitive scores on the 3MS, CVLT delayed recall, phonemic

fluency, category fluency, and Trails B but not on digit span backwards (Table 2). After

adjustment for baseline age, education, cognition, depression, and medical conditions,

differences in the rates of decline and neuropsychological performance at 5-year follow-up

were unchanged, except for phonemic fluency (t = 1.60, df = 1196, p = 0.11) and CVLT

delayed recall (t = 1.43, df = 1203, p = 0.15) which became insignificant (Table 2).

DISCUSSION

There are very few studies looking at the effects of very late-life physical activity on

cognitive status in the oldest old. In this cohort of 1249 oldest old women, those with greater

baseline physical activity (measured as blocks walked per week) were less likely to be

diagnosed with dementia and had higher performance on most neuropsychological tests at 5-

year follow-up. These differences remained even after adjustment for baseline age,

education, cognition, depression, and medical conditions.

Several studies have shown that physical activity in various life stages can have an effect on

late life cognition.1–6 Our results suggest that the benefits of physical activity may also

extend to the oldest old, and that walking for either exercise or as part of a daily routine may

provide cognitive benefits. Physical activity has also been shown to impact a wide range of

cognitive function domains including processing speed, attention, executive functioning and

delayed recall;6,26,27 these results, however, have not been consistently demonstrated,

possibly due to variation in measurements of physical activity and cognition.6 The domain-

specific effects of physical activity on cognition are not fully understood, but one functional

MRI study in older adults found that physical activity resulted in better performance on

executive functioning tasks by attenuating gray matter loss of the prefrontal cortex.28 In our

study, physical activity was associated with higher cognitive performance, including on

measures of global cognition and executive functioning, but not for attention and delayed

verbal memory. While the clinical significance of these differences at follow-up testing

among the activity levels is not known, these differences are consistent with our other

finding that physical activity is associated with a lower risk of dementia.

Possible mechanisms by which physical activity may affect cognition in the young old

include the reduction of beta amyloid deposition especially among APOE ε4 carriers,29 the

lowering of cumulative vascular risk as well as individual cardiovascular risk factors,30 and

modulation of cognitive plasticity via factors such as brain-derived neurotrophic factor

(BDNF), vascular endothelial growth factor (VEGF), and insulin-like growth factor

(IGF-1).31 The applicability of these findings to the oldest old requires further study as the

neuropathology, the role of APOE ε4, and plasticity in the cognitively impaired oldest old

may be different from that of the young old. Another possible mechanism which may

explain how physical activity affects cognition in the oldest old is that long-term depression

may lead to decreased physical activity, and often heralds cognitive impairment. This

mechanism is consistent with a number of studies which have shown depression is a risk

factor for cognitive impairment in older adults, including in the oldest old.32 Although we
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controlled for baseline depressive symptoms, we still cannot exclude the possibility of the

long-term effects of depressive symptoms on physical activity and, consequently, cognitive

impairment. Furthermore, when depression is recognized and treated, cognitive impairment

may still remain. Early cognitive impairment may lead to increased physical hesitancy and

reduced physical activity, whereas structured physical activity (such as physical therapy)

may benefit both depression and cognitive impairment.

About 21% (over 1.1 million) of AD cases in the US alone can be attributed to physical

inactivity in the elderly.30,33 Age is a significant risk for decreased physical activity in the

elderly. There is a noticeable drop off in leisure-time physical activity from 65–74 to those

over 75 and over, and in the U.S.; only about 17% of adults 75 and older participated in

regular leisure time activity, 40% engaged in some leisure activity, and 60% did none.33 In

contrast, 67% of SOF-WISE participants had a moderately active or active lifestyle, and

only 11% were completely sedentary. The highest tertile generally walked about one to two

miles per day (the equivalent of walking briskly about 25–50 minutes per day), which is

consistent with the CDC recommendations for healthy older adults to engage in moderate

vigorous exercise for an average of at least 20 minutes per day, and if possible, 40 or more

minutes per day for additional health benefits.34 Even after exclusion of those women who

walked 3 or more miles a day (more than an hour of brisk walking per day), the most

physically active group still had lower rates of dementia, suggesting that exercising

significantly beyond these guidelines was not necessary to observe lower rates of dementia.

Furthermore, the middle tertile walked an average of half a mile per day (the equivalent of

strolling about 30 minutes per day or walking briskly about 15 minutes per day). So

although the SOF-WISE cohort was more active than the national average, even activity

levels as low as 15 minutes per day was sufficient to observe a lower risk of dementia.

These results were similar to the Leisure World cohort study, which showed that in women

80 and over, mortality rates were lower for those who engaged in as little as 15 minutes per

day of moderately vigorous physical activity with a maximum benefit reached at 45 minutes

per day.35 In light of the public health consequences of physical inactivity and evidence of

cognitive and functional benefits of physical activity, a number of ongoing randomized

clinical trials, such as the Lifestyle Interventions and Independence for Elders Study (LIFE-

P) trial, are testing whether moderate-intensity physical activity programs in sedentary

elderly adults can affect functional outcomes, including cognition.36

Our finding about physical activity being associated with a lower risk of dementia at 5-year

follow-up in the oldest old is consistent with earlier work in which physical activity was

associated with lower risk of dementia,3–5 although some studies did not find such an

association.6 The data for physical activity and its association with MCI are even more

mixed. One study found that late-life moderate exercise (but not light or vigorous exercise)

was associated with a lower risk of MCI,37 whereas two other studies did not find an

association between physical activity and MCI.38,39 Physical activity was not associated

with risk of MCI in our study of the oldest old. Possible explanations for this variability

include physical activity targeting mechanisms that are specific to dementia, or the dilution

of possibly positive effects on certain subtypes since we looked at the heterogeneous MCI

sample as one group.
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The strengths of this study included its large sample size, the longitudinal design, and

clinically adjudicated cognitive outcomes. There were some limitations to our study. First,

we relied on participants’ self-report of their physical activity. Self-report questionnaires

have not been shown to accurately capture very low intensity activities such as household

chores and fidgeting; measurements including these very low intensity activities may more

accurately reflect total energy expenditure level in the oldest old as compared to

measurements consisting only of low intensity activities such as walking.40 Nevertheless,

BMI was inversely correlated with physical activity, supporting the reliability of this self-

reported measurement in our study. Second, while we excluded participants with a dementia

at baseline, it is possible that some women had subtle cognitive symptoms at baseline.

Despite this, our data suggest that physical activity may be associated with a slower

cognitive decline, at least in the areas of general cognition and executive functioning. Third,

as with other longitudinal studies, selection bias may have arisen because more cognitively

and physically impaired subjects may have dropped out or died, and the women who

participated in SOF had a higher level of physical activity compared to the national average.

These biases may have influenced our results. Fourth, since the participants were mostly

white women, the relevance of these results to men and other ethnicities require further

investigation, since men and Caucasians tend to have higher levels of physical activity.33

Finally, since the sample was selected on their participation in SOF-WISE and walking was

an observed (rather than an independently manipulated) predictor, our findings are

correlational.

CONCLUSIONS

Future research is needed to determine whether interventions increasing physical activity in

the oldest old can result in amelioration of cognitive decline. Nevertheless, given the relative

benefits and minimal risks of physical activity, clinicians should consider recommending

that their healthy older patients engage in activities appropriate for their age and functional

capabilities such as 30 minutes walk in the mall, water aerobics, Tai Chai, or physical

therapy.34
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Figure 1.
Association between risk of dementia at 5-year follow-up and baseline physical activity.

□ Lowest tertile

 Middle tertile

 Highest tertile

Vertical lines represent 95% confidence intervals. Multivariate (MV) logistic regression

adjusted for baseline age, educational level, cognition, depressive symptoms, BMI,

hypertension, smoking, and CAD.
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