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Abstract

Objectives—To examine the association between physical activity (PA) and Alzheimer's disease
(AD) course.

Background—~PA has been related to lower risk for AD. Whether PA is associated with
subsequent AD course has not been investigated.

Methods—In a population-based study of individuals =65 in New York who were prospectively
followed with standard neurological and neuropsychological evaluations (every ~1.5 years), 357
participants (i) were non-demented at baseline and (ii) were diagnosed with AD during follow-up
(incident AD). PA (sum of participation in a variety of physical activities, weighted by the type of
activity [light, moderate, severe]) obtained 2.4 (sd. 1.9) years before incidence was the main
predictor of mortality in Cox models and of cognitive decline in GEE models that were adjusted
for age, gender, ethnicity, education, comorbidities and duration between PA evaluation and
dementia onset.

Results—150 incident AD cases (54%) died during the course of 5.2 (sd 4.4) years of follow-up.
As compared to incident AD cases who were physically inactive, those with some PA had lower
mortality risk, while incident AD participants with much PA had an even lower risk. Additional
adjustments for APOE genotype, smoking, comorbidity index and cognitive performance did not
change the associations. PA did not affect rates of cognitive or functional decline.

Conclusion—Exercise may affect not only risk for AD but also subsequent disease duration:
more PA is associated with prolonged survival in AD.

Keywords
Alzheimer's disease; Epidemiology

Correspondence to: Nikolaos Scarmeas, Columbia University Medical Center; 622 West 168th street; PH 19th floor; New York, NY,
10032. ns257@columbia.edu, Telephone: 212-342-1350, Fax: 212-342-1838..

Disclosures: The authors have nothing to disclose.
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it

is published in its final citable form. Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Scarmeas et al. Page 2

INTRODUCTION

Although some studies have failed to detect a significant association (1,2) between physical
activity (PA) and Alzheimer's disease (AD) or dementia risk, most studies (3-8), including a
recent one from the present cohort (9) have reported beneficial effects of exercise regarding
either rates of cognitive decline or dementia. Nevertheless, whether PA is associated with
further AD course and prognosis has not been investigated. At the same time it has been
show that PA can slow down or prevent functional decline associated with aging and
improve health in the elderly, including reducing overall mortality (4,10).

We hypothesized that PA may be associated with reduced mortality, and possibly, rates of
cognitive decline in AD populations too. We explored this hypothesis using data from a
population longitudinal study (Washington Heights-Inwood Columbia Aging Project;
WHICAP). More specifically, we sought to examine the association between PA and
longevity and cognitive decline in a group of subjects who were non-demented at their
baseline assessment, developed AD during follow-up and continued to be prospectively
followed.

SUBJECTS AND METHODS

Sample and diaghoses

The sample for the current study has been described in previous studies (11,12). Briefly, the
study included participants of 2 related cohorts recruited in 1992 (WHICAP 1992) and 1999
(WHICAP 1999) which were identified (via ethnicity and age stratification processes) from
a probability sample of Medicare beneficiaries residing in an area of 3 contiguous census
tracts within a geographically defined area of northern Manhattan (13). The same
assessments and study procedures were used in both cohorts. At entry, a physician elicited
each subject's medical and neurological history and conducted a standardized physical and
neurological examination. All available ancillary information (medical charts, CTs or MRISs)
was considered in the evaluation.

Each subject also underwent a structured in-person interview including an assessment of
health and function and a neuropsychological battery that contained tests of memory (short
and long-term verbal and nonverbal); orientation; abstract reasoning (verbal and non-
verbal); language (naming, verbal fluency, comprehension and repetition); and visual-spatial
abilities (copying and matching) (14). A global summary score on the Clinical Dementia
Rating (CDR) was also assigned.

A consensus diagnosis for the presence or absence of dementia was made at a diagnostic
conference of neurologists and neuropsychologists where information of all the above
evaluations was presented. Evidence of cognitive deficit (based on the neuropsychological
scores as described above), evidence of impairment in social or occupational function (as
assessed by the Blessed Dementia Rating Scale, the Schwab and England Activities of Daily
Living Scale and the physician's assessment), and evidence of decline in cognitive and
social-occupational function as compared to the past were the criteria used for the diagnosis
of dementia as required by the Diagnostic and Statistical Manual of Mental Disorders,
Revised Third Edition (DSM-I11-R). The type of dementia was subsequently determined.
For the diagnosis of probable or possible AD, the criteria of the National Institute of
Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related
Disorders Association were used. PA data were not available to the consensus panel and
were not considered in the diagnostic process.
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Subjects were followed at intervals of approximately 1.5 years, repeating the baseline
examination and consensus diagnosis at each follow-up. Among all potential participants in
both WHICAP cohorts, 357 individuals were considered for the present study (figure 1).
These were subjects with available PA evaluations who were non-demented at the baseline
WHICAP evaluation and developed AD during follow-up (incident AD patients).

Predictors

Exposure: Physical Activity: A modified Godin leisure time exercise questionnaire was
used (15). Test-retest (2 weeks to 1 month) reliability correlation coefficients of this
instrument have ranged between 0.62 and 0.81 (15-17). Validity of the questionnaire has
been demonstrated in relation to multiple measures including body fat (15,16), VO2 max
(15,16), caltrac actometer (16,18), treadmill time (16) and other similar activity
questionnaires (17,18).

Two slightly different versions of the questionnaire were used (15). A subset of the
participants (n=149) were queried about the most recent two week period in which they
engaged in their typical number of activities. The number of times of participation and the
number of minutes each time were recorded for 3 different categories of activities: vigorous
(aerobic dancing, jogging, playing handball), moderate (bicycling, swimming, hiking,
playing tennis) and light (walking, dancing, calisthenics, golfing, bowling, gardening,
horseback riding). We constructed a summary PA score for each subject using the following
formula: number of minutes x number of times x coefficient (9 for vigorous, 5 for moderate
and 3 for light activities [the numbers 9, 5 and 3 corresponding to metabolic equivalents of
related activities] (15)). Because of skewed distribution the summary PA score was
categorized into a 3-level variable with similar number of subjects / group: No PA, Some
PA and Much PA. A different subset of subjects who received an earlier version of the
questionnaire (n=208) were queried regarding their PA in a slightly different way: number
of hours during the most recent month in which they engaged in their typical number of
activities. Using procedures similar to the ones described above, a PA score was again
calculated and categorized into a 3-level variable: No PA, Some PA and Much PA.
Although categorization of subjects in PA categories was performed within each version of
the questionnaire (i.e. separately for the 149 and for the 208 subjects), in supplementary
analyses we additionally explored inclusion of a term representing the PA questionnaire
version (earlier version as the reference) in the analyses.

PA and Incidence timing: One of the problems of using either clinic-based populations or
populations with prevalent dementia is that their current PA may have already been affected
by the disease process. In this study of incident AD subjects, PA was queried on average 2.4
(sd. 4.2) years before incidence. We ran survival analysis models using either of the
following two timing variables : (i) time from PA assessment to death or last follow-up and
(ii) time from AD incidence to death or last follow-up, controlling for time between reported
PA and AD incidence. Results were similar, and time from PA assessment is reported in this
manuscript. Nevertheless, in order to further control for potential bias, we included as a
covariate a term adjusting for the difference in time between PA assessment and AD
incidence.

For the vast majority of the AD patients the PA evaluation took place before incidence;
however for 81 AD patients PA was ascertained at or after incidence. We performed
supplementary analyses excluding these 81 subjects (leaving 276 incident AD subjects for
the analyses and 114 deaths during follow-up).
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Other covariates: Age at study enrollment (years) and education (years) were used as
continuous variables. We also considered period of recruitment (1992 cohort as reference),
and gender (men as reference). Ethnic group was based on self-report using the format of the
1990 census. Participants were then assigned to one of four groups: Black (non-Hispanic),
Hispanic, White (non-Hispanic) or Other. Ethnicity was used as a dummy variable with
White (non-Hispanic) as the reference. In supplementary analyses we considered smoking
status (never smoker vs. current or past smoker) and apolipoprotein (APOE) genotype
(absence of &4 allele vs. presence of either 1 or 2 &4 alleles).

We also considered potential competing causes of mortality by calculating a modified
version (19,20) of the Charlson Index of Comorbidity (21) (referred to as ‘comorbidity
index”) which included items for myocardial infarct, congestive heart failure, peripheral
vascular disease, hypertension, chronic obstructive pulmonary disease, arthritis,
gastrointestinal disease, mild liver disease, diabetes, chronic renal disease, and systemic
malignancy. All items received weights of one, with the exception of chronic renal disease
and systemic malignancy, which were weighted two.

In the mortality outcome survival analyses we also considered subjects' cognitive
performance at the time of PA assessment (cognitive performance at the time of AD
incidence produced similar results and is not reported) as a covariate (see below outcomes
section for cognitive performance calculation).

Mortality was tracked through follow-up interviews every 18 months and through
submission of identifying information for subjects reported to be dead or lost to follow-up to
the National Death Index.

Calculation of cognitive performance scores in WHICAP has been previously described
(22-25). Briefly, we used factor analysis with principal axis factoring and oblique rotation
on 15 neuropsychological test score variables (14) which grouped cognitive performance
into four factors: memory, language, processing speed, and visual-spatial ability. Using
cognitive test data from all WHICAP participants at their initial visit, Z-scores for each of
the cognitive measures that comprised each factor were created and then averaged to create
a composite score for each factor. These factor domain scores were then averaged to derive
a composite cognitive z-score.

Calculation of functional performance scores was performed as follows. Items from the
Disability and Functional Limitations Scale (26-28) were used to elicit self- and observer
ratings of basic and instrumental activities of daily living. Basic activities of daily living
included using the bath-shower, getting to toilet, dressing, brushing the hair and feeding,
while instrumental activities of daily living included dialing a telephone, preparing-cooking
meals, shopping, medication administration, light chores (dishes-stove-garbage), and
handling of personal business. Using dichotomous forms of these activities a sum of total
(basic and instrumental) activities of daily living score was calculated for each subject for
each evaluation (range 0-11, with higher scores indicating worse function).

Statistical analyses

Baseline characteristics of subjects by missing PA data, by mortality status and by PA
groups were compared using t-test or ANOVA for continuous baseline characteristic of
subjects (age, education, comorbidity index, cognition z-score) and x?2 test for categorical
baseline characteristics of subjects (gender, ethnicity, APOE).
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Mortality—We calculated Cox proportional hazards models with mortality as the
dichotomous outcome. The time-to-event variable was time from PA assessment to death;
persons who did not die were censored at the time of their last follow-up. In initial models
PA was the main predictor. In adjusted models we controlled for the following variables:
period of recruitment, age, gender, ethnicity, education and time between PA and AD
incidence. All predictors were used as time-constant covariates. We then constructed a series
of supplementary models in which we additionally considered smoking, APOE, comorbidity
index and cognitive performance (at time of PA evaluation) and PA questionnaire version.

In the criteria of the National Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer's Disease and Related Disorders Association stroke does not preclude the
diagnosis of AD (unless cerebrovascular disease is considered the primary cause of
dementia). We conducted additional analyses excluding from our 357 AD patients all
subjects with either stroke or other concomitant disease and keeping only subjects with
‘pure’ probable AD.

We finally examined the association between PA and mortality in a separate group of
subjects who were non-demented at initial evaluation and remained non-demented
throughout the follow-up. We examined for differential associations of PA with mortality in
non-demented subjects (as compared to AD patients): we computed a Cox survival model
that included terms for (i) dementia, (ii) PA and (iii) dementia x PA interaction.

Rates of cognitive and functional decline—The primary outcome in these analyses
was rate of decline in cognition as assessed at each study visit. Cognitive performance at the
time of PA assessment and at each follow-up visit was calculated as described in the
outcome section above. We used generalized estimating equations (GEE) to test whether PA
was associated with differential rates of cognitive change. The repeated cognitive
performance scores for each subject were treated as a cluster. The GEE models included the
composite cognitive z-score measure as the dependent variable and, as predictors, PA, time
(in years from PA assessment) and a PA x time interaction. A significant interaction term
would indicate differential rates of change in cognitive function as a function of PA. The
models were adjusted for period of recruitment, age, gender, ethnicity, education, smoking,
APOE, comorbidity index, time between PA and AD incidence and initial cognitive
performance (at time of PA evaluation).

Finally, similar models were calculated with primary outcome rates of functional decline as
assessed at the time of PA assessment and at each follow-up visit (calculated as described in
the outcome section above).

Missing data analyses

Compared to the 102 subjects with missing PA information, subjects included in the study
(n=357) (figure 1) had better cognitive performance (z scores —1.21 for those with missing
vs. —0.43 for those included; t=5.72; df=356; p<0.001), better function (5.7 vs. 2.9 activities
of daily living score; t=4.24; df=352; p<0.001) and more comorbidities (1.6 vs. 2.1; t=1.70;
df =457; p=0.007) and were more commonly Hispanic and less commonly White or Black
(20% vs. 10% White, 36% vs. 31% Black,. 42% vs. 58% Hispanic, 2% vs. 1% Other;
x2=10.57; df=3; p=0.01), while the groups did not differ in age (79.9 vs. 78.8; t=1.46;
df=456; p=0.14), gender (23% male vs. 31% male; x2=0.11; df=1; p=0.11), education (7.3
vs. 7.2 years; t=0.34; df=455; p=0.74), APOE (23% vs. 34% &4 carriers; x2=0.09; df=1;
p=0.09) or smoking status (42% vs. 49% current or past smokers; x2=0.22; df=1; p=0.22).
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Clinical-demographic characteristics

Some PA corresponded to approximately a quarter of an hour of vigorous activity / week or
half an hour of moderate activity /week or 1 hour of light activity /week (or a combination
thereof). Much PA corresponded to approximately 1 hour of vigorous or 2 hours of
moderate or 3.5 hours of light activity / week (or a combination thereof). Compared with
incident AD subjects who remained alive, those that died were older, had higher education,
were more likely to be White or Black and less likely to be Hispanic, had more functional
impairment and were less physically active (table 1). The groups did not differ in gender,
medical comorbidities, APOE status or cognitive performance. Compared to AD subjects
who were physically inactive, those that reported more physical activities had fewer medical
comorbidities, better cognitive performance and better function, but did not differ in other
clinical demographic characteristics (table 2).

PA and mortality

Median survival was 9 years (95% Confidence Interval [CI] 8-10) from PA evaluation (4.8
[4.0-5.5] years since dementia incidence (29)). In unadjusted models (table 3, model 1),
compared to physically inactive AD patients (median survival 4.2 [3.2-5.3] years), those
reporting some PA had 76% reduced mortality risk (median survival 9.6 [8.7-10.4] years),
while those reporting much PA had 80% risk reduction (median survival 12 [10.9-13.1]
years). Controlling for demographic variables (table 3, model 2 and figure 2) associations
remained strongly significant. Additionally adjusting for APOE genotype, smoking, medical
comorbidities and cognitive performance (table 3, model 3) did not change the associations:
43% risk reduction for AD patients reporting some PA and 53% for those reporting much
PA.

Although categorization of subjects in PA groups was performed within each version of the
questionnaire, in supplementary analyses we additionally adjusted for PA questionnaire
version: compared to physically inactive AD subjects, those reporting some PA had a HR
0.51 (0.33-0.77; Wald=10.2; p=0.001) and those reporting much PA a HR of 0.31
(0.20-0.50; Wald=23.6; p<0.001); trend HR 0.56 (0.44-0.71; Wald=23.2; p<0.001).
Additionally adjusting for clinical demographic variables did not change the associations:
some PA 0.57 (0.36-0.89; Wald=6.1; p=0.01), much PA 0.44 (0.27-0.73; Wald=10;
p=0.002), trend 0.66 (0.51-0.86; Wald=9.8; p=0.002).

Excluding the 81 subjects whose PA evaluation took place at or after incidence (leaving 276
incident AD subjects for the analyses and 114 deaths during follow-up) results were as
follows. In unadjusted models, compared to physically inactive AD subjects, those reporting
some PA had a HR 0.43 (0.28-0.67; Wald=14.5; p<001) and those reporting much PA a HR
of 0.25 (0.15-0.40; Wald=31.9; p<0.001); trend HR 0.49 (0.38-0.63; Wald=31; p<0.001).
Additionally adjusting for clinical demographic variables did not change the associations:
some PA 0.64 (0.40-1.03; Wald=3.5; p=0.06), much PA 0.48 (0.27-0.82; Wald=7.1;
p=0.008), trend 0.69 (0.52-0.91; Wald=7; p=0.008).

There were 262 subjects with probable AD (without stroke or other concomitant disease). In
models adjusting for clinical demographic variables, compared to physically inactive
probable AD patients, those reporting some PA had a HR 0.50 (0.30-0.81; Wald=7.7;
p=0.005) and those reporting much PA a HR of 0.36 (0.20-0.65; Wald=11.7; p=0.001);
trend HR 0.59 (0.44-0.80; Wald=12; p=0.001).

There were 2185 subjects with available physical activity information who were non-
demented at the initial evaluation and remained non-demented during follow-up. In a model
adjusted for clinical demographic variables the results were as follows: compared to
physically inactive non-demented subjects, those reporting some PA had a HR 0.69
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(0.57-0.83; Wald=15; p<0.001) and those reporting much PA a HR of 0.57 (0.46-0.70;
Wald=27.2; p<0.001); trend HR 0.75 (0.67-0.84; Wald=27.4; p<0.001). In a model that
included terms for (i) dementia, (ii) PA and (iii) their interaction (adjusted for clinical
demographic variables) HR for the dementia x PA interaction was 1.05 (0.84 — 1.31;
Wald=0.2; p = 0.67). Therefore, formal statistical testing did not provide any evidence for
differential association of PA with mortality in non-demented and demented subjects.

PA and rates of cognitive and functional decline

214 incident AD patients had at least 2 cognitive evaluations (permitting calculation of
longitudinal changes of cognition) after their PA evaluation (mean 3.7 cognitive
assessments; range 2-7). In GEE models adjusted for period of recruitment, age, gender,
ethnicity, education, and duration between PA evaluation and dementia onset there was no
association between PA and rates of cognitive decline: p = —0.008; z = —0.8; p = 0.42
(figure 3A). Additionally adjusting for APOE genotype, smoking, comorbidity index and
cognitive performance at PA assessment did not reveal any association between PA and
rates of cognitive decline: g = —0.004; z = —0.4; p = 0.69.

208 incident AD patients had at least 2 complete functional evaluations (permitting
calculation of longitudinal changes of function) after their PA evaluation (mean 3.6
functional assessments; range 2-7). In GEE models adjusted for period of recruitment, age,
gender, ethnicity, education, and duration between PA evaluation and dementia onset there
was no association between PA and rates of functional decline: f = 0.065; z=1.3; p =0.18
(figure 3B). Additionally adjusting for APOE genotype, smoking, comorbidity index and
cognitive performance at PA assessment did not reveal any association between PA and
rates of functional decline: § =0.063;z =1.3; p = 0.18.

DISCUSSION

Previous work has suggested that PA may reduce risk of developing AD. According to the
current analyses PA does not seem to be associated with rapidity of cognitive change but it
seems to relate to prolongation of survival of patients with AD. We noted a gradual
reduction in mortality risk with higher reported PA, which suggests a possible dose-response
effect. The magnitude of the effect was considerable: as compared to physically inactive
subjects, those reporting some PA were 43-47% less likely to die, while those reporting
much PA had a 53-59% reduction in mortality. Translating this into median survival times
from the PA ascertainment, as compared to physically inactive subjects, those with some PA
lived ~5.5 years longer, while those with much PA had a longer survival of ~8 years.

Previous large general population studies indicated that PA can slow down or prevent
functional decline associated with aging, improve health in the elderly, and reduce overall
mortality in the general population (4,10). To our knowledge no previous studies have
investigated the effect of PA on AD course. The PA-related prolongation of survival in AD
patients may be mediated by a direct effect on AD clinical (3,5-8) or pathological (30)
progression. Nevertheless, we found no evidence for modification of rates of cognitive
decline. It is possible that while PA before AD onset may have beneficial effects (associated
with lower risk for manifesting the disease (3-9)), PA close or after AD onset may be non-
differential regarding further course in the face of accumulated AD pathology. The
association between PA and survival may relate to reduction of medical comorbidities (31).
The fact that the association persisted after adjusting for such comorbidities may indicate
measurement error and incomplete adjustment for comorbid conditions. Our analyses in
non-demented elderly suggest that the observed association between PA and mortality in
AD patients is not dissimilar to the one seen for the general population.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2012 May 1.
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Importantly, the protection from mortality was present despite controlling for multiple
potential confounders. Older age has been associated with worse survival in multiple
publications (20,29,32-34). Many studies have reported shorter survival for demented men,
as compared to women (35). Regarding ethnic differences, the literature is mixed with some
studies finding higher mortality for Caucasians with AD (29,36), and some others reporting
no race differences (34). Higher education has been associated with faster rates of cognitive
decline (25) and increased mortality (37) in AD patients. In our data we detected no
association between PA and any of the above factors. Most important, the association
between PA and AD mortality persisted despite controlling for all the above characteristics.

The APOE genotype has been related to mortality in the general population (38) although
this effect may vary for different ethnicities (39). In AD, the APOE genotype has been
shown to relate to clinical (40-42) and physiological (43,44) heterogeneity, and cognitive
decline (45) but its relation to mortality has been debatable (42). Because of the above we
considered the APOE genotype in our analyses but detected no differences in PA between g4
carriers and non-carriers and no modification of the PA—-mortality association when
adjusting for APOE genotype.

Study limitations include the following. PA was based on reporting and physiological
measurement of VO2 maximum (46) or another objective method of physical fitness
evaluation has not been performed. Objectively measured PA may relate to cognitive
performance better than self-reported one (47). To the extent that PA measurement error is
unrelated to AD mortality outcome, this may bias our results towards the null. Two different
variants of the PA assessment instrument were used but the ranking of subjects into groups
was performed within each version of the instrument and the associations remained when
models were additionally adjusted for PA questionnaire. PA was more weighted towards
leisure-recreational type of activities while the contribution of physical components of
everyday activities was not recorded.

Level of cognitive performance or disease severity may be a confounder since it has been
shown to relate to both our predictor (PA may decrease in AD (46)) and our outcome (better
cognitive performance at baseline has been associated with longer AD survival (20,48)).
Therefore, another potential explanation for our findings is that differential PA could be an
indirect index of AD severity (versus a prognostic marker). Recent reports demonstrating
associations between physical frailty (including strength and motoric speed) and AD
pathology (49) would support this explanation. A closely related issue is the potential
inaccuracies in PA reports by subjects with cognitive problems, such as the AD patients in
this study. Finally, incident AD subjects with missing PA information had worse cognitive
performance. Arguments against these limitations in our study include the following: (i) PA
was ascertained before AD incidence for the vast majority of our subjects, (ii) selecting
subjects with PA assessments only before incidence (when cognitively non-demented) did
not affect the results, (iii) the associations remain unchanged when we used either time from
PA or time from incidence in survival analyses, (iv) we observed no changes in the relation
between PA and mortality when adjusting for duration between PA and incidence and (v)
there was a significant PA effect even when we adjusted for initial cognitive performance.
Despite the above, reverse causality cannot be excluded.

Subjects excluded from the present analyses because of unavailable PA did not differ in
most characteristics but had lower cognitive and functional performance, fewer medical
comorbidities and were less likely to be Hispanic and more likely to be Black or White.
Worse cognition and function suggests that subjects excluded were more likely to be
demented. Fewer comorbidities suggests that subjects excluded probably did not have lower
levels of PA, while their ethnicity should be non-differential in terms of PA levels. Overall,
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missing PA data analyses does not suggest a consistent clear pattern of better health and
function for subjects included in the analyses. When we adjusted for ethnicity, comorbidities
and cognitive performance the associations between PA and mortality were unchanged.
Additionally, differential duration of follow-up may have affected our ability to accurately
estimate rates of cognitive and functional decline (50). Overall, although it does not seem
very likely, we cannot completely exclude that our results could be explained by biases
related to missing information.

Elderly adults are often quite physically inactive. Some PA in this cohort of 79 year-old
participants corresponded to approximately a quarter of an hour of vigorous activity / week
or half an hour of moderate activity /week or 1 hour of light activity /week (or a combination
thereof). Much PA corresponded to approximately 1 hour of vigorous or 2 hours of
moderate or 3.5 hours of light activity / week (or a combination thereof). Nevertheless, even
this relatively small amount of PA was associated with significant reductions in AD
mortality. Approximately one third of this population (the ones reporting much PA) were
meeting the aerobic PA recommendations of the American College of Sports Medicine and
the American Heart Association (51). We had no information collected on additional
muscle-strengthening, flexibility and balance exercises, recommended by the American
College of Sports Medicine and the American Heart Association (51). Despite the overall
small amount of PA (in particular for subjects reporting no and some PA) there was a large
relative quantitative difference among the groups: for example subjects reporting much PA
report approximately 4 times longer duration of activity compared to subjects reporting
much activity. Additionally, to the extent that the reported PA differences represent a long
standing lifestyle habit, even small differences may have considerable effects in health.
However, this considerably large impact in mortality of relatively small amounts of exercise
also raises suspicion for unmeasured factors in socio-economic status or other aspects of
lifestyle associated with better health. For the AD patients included in our study, PA was
related to medical comorbidities but was not related to indirect indices of socioeconomic
status such as education or ethnicity. We addressed this potential bias by adjusting for these
variables but, as in all observational epidemiology studies, residual confounding, in
particular of the “healthy person’ type, cannot be excluded. This issue can be definitely
addressed only by the randomization of interventional approaches.

Confidence in our findings is strengthened by the following factors. The study is
community-based and the population is multiethnic, increasing the generalizability of the
findings compared to clinic-based samples. The assessment instruments for PA have been
previously validated and widely used in epidemiological studies. The diagnosis of AD took
place in a University hospital with expertise in dementia and was based on comprehensive
assessments and standard research criteria. The patients were followed prospectively at
relatively short intervals. Measures for multiple potential confounders were carefully
recorded and adjusted for in the analyses.

Overall, the effects of PA in AD course have not been explored. Our results provide support
that PA is associated with AD duration but they need to be replicated and the mechanisms
need to be further investigated.
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Figure 1.
Flow chart describing sample.
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Survival curves based on Cox analyses comparing Alzheimer's disease mortality in subjects
belonging to each physical activity group (p for trend <0.001). The figure is derived from a
model that is adjusted for cohort, age, gender, ethnicity, education and time duration
between PA evaluation and dementia incidence and follow-up is truncated at 10 years.
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GEE predicted cognitive z-scores (figure 3A) and GEE predicted function (ADLS) (figure
3B) (y-axis) over the course of follow-up in years (x-axis) separately for the none (grey solid
line), some (black solid line) and much (dashed line) PA groups from a fully adjusted model.
Lower cognitive z-scores and higher function scores indicate clinical worsening. Neither
rates of cognitive (time x PA group interaction B = —0.004; p = 0.69) nor rates of functional

(time x PA group interaction = 0.063; p = 0.18) decline differed among PA groups.
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