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The Northern Manhattan Study

ABSTRACT

Objective: Because leisure-time physical activity (LTPA) is protective against incident dementia,
we hypothesized that LTPA is protective against decline in domain-specific cognitive
performance.

Methods: As part of the Northern Manhattan Study, LTPA was ascertained at enrollment using a
validated in-person questionnaire. We assessed cognition in participants in the Northern Manhat-
tan Study MRI substudy using a standard neuropsychological examination (NPE) (n5 1,228), and
a repeat examination was performed 5 years later (n 5 876). LTPA was summarized as the
maximum intensity of any activity performed, classified as none to light intensity (physical inac-
tivity) (90%) vs moderate to heavy intensity (10%). The NPE was subcategorized using standard-
ized z scores over validated domains: processing speed, semantic memory, episodic memory, and
executive function. We used multivariable linear regression models to examine the association of
LTPA with initial and change in cognitive performance. Analyses were adjusted for sociodemo-
graphics, cardiovascular disease risk factors, and MRI findings (white matter hyperintensity vol-
ume, silent brain infarcts, cerebral volume).

Results: No/low levels of LTPA were associated with worse executive function, semantic memory,
and processing speed scores on the first NPE. The associations were slightly attenuated and no
longer significant after adjusting for vascular risk factors. Cognitively unimpaired participants re-
porting no/low LTPA vs moderate/high levels declined more over time in processing speed (b 5

20.2316 0.112, p5 0.040) and episodic memory (b520.2236 0.117, p5 0.057) adjusting
for sociodemographic and vascular risk factors.

Conclusions: A low level of LTPA is independently associated with greater decline in cognitive per-
formance over time across domains. Neurology® 2016;86:1897–1903

GLOSSARY
Gc 5 crystallized abilities; LTPA 5 leisure-time physical activity; MET 5 metabolic equivalent; NOMAS 5 Northern Manhat-
tan Study; NPE 5 neuropsychological examination.

With an expected increase in the mean age and proportion of the population older than 65 years,
the public health burden of cognitive impairment and dementia will become substantial.1 There
is substantial evidence for a contribution of subclinical cerebrovascular disease to dementia, both
through direct vascular injury to the brain and/or modification of neurodegenerative processes.
Increasing leisure-time physical activity (LTPA) is one target for dementia prevention because it
is modifiable, does not require the use of medications, and provides substantial benefits for other
diseases of aging.

Prior studies have shown associations between LTPA and cognitive performance,2–8 and a
recent meta-analysis9 has demonstrated a dose-response association between LTPA and subse-
quent risk of dementia. These studies tend to show a protective effect on only vascular dementia
or on Alzheimer disease alone.10,11 Not all groups have documented an association between
physical activity and cognition in older individuals.5,12,13 Randomized clinical trials of LTPA
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programs have shown conflicting results,14–16

with results suggesting improvement in func-
tional but not cognitive status. An NIH State
of the Science Statement suggested that there
may be a protective effect of LTPA on cogni-
tive decline, based on “low-quality” data.17,18

A Cochrane database review concluded that
there is insufficient evidence to support the
effect of LTPA on cognitive decline in older
people.19

Several gaps in knowledge remain in our
understanding of the role LTPA may have
on cognitive decline. Most studies used a sin-
gle measure of cognitive performance obtained
at the same time as (or after) the LTPA assess-
ment, rather than a change over time in cogni-
tive scores. These studies also focused on crude
measures of cognitive performance, such as the
Mini-Mental State Examination, rather than
comprehensive measures of cognition ob-
tained from neuropsychological examinations
(NPEs).20 There are few studies on popula-
tions older than 65 years and on Spanish
speakers residing in the United States. Fur-
thermore, prior studies have not considered
the role that cognitive reserve and baseline
cognitive impairment may have on subsequent
cognitive decline. The aim of this study was to
characterize the independent association of
LTPA with baseline and change in cognitive
performance in a racially/ethnically diverse
elderly population. We hypothesized that
LTPA would be protective against cognitive
decline across multiple domains and that the
effect would be modified by baseline crystal-
lized abilities (Gc), an assessment of lifetime
intellectual achievement as measured through
vocabulary and general knowledge.

METHODS Recruitment of the cohort. The Northern

Manhattan Study (NOMAS) is a population-based prospective

cohort study designed to evaluate the effects of various risk

factors on the incidence of stroke in a stroke-free racially/

ethnically diverse community cohort.21 Eligible participants had

never been diagnosed with a stroke, were older than 40 years, and

resided in Northern Manhattan for $3 months, in a household

with a telephone. Participants were identified by random-digit

dialing and recruited from the telephone sample to have an in-

person baseline interview and assessment (n5 3,298). Starting in

2003, stroke-free participants were invited to participate in an

MRI substudy if they were older than 50 and had no

contraindications to MRI (n 5 2,636). Of these, 488 had

strokes or died before enrollment and an additional 1,057 had

contraindications (n 5 133), refused (n 5 578), or had other

reasons for not participating (n 5 347). To reach recruitment

targets, 199 stroke-free participants who were household

members, but not first-degree relatives, of existing NOMAS

participants were enrolled for a total sample of 1,290.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the institutional review

boards at Columbia University Medical Center and the Univer-

sity of Miami Miller School of Medicine. All participants pro-

vided written informed consent.

Cohort evaluation. Data regarding baseline demographics and

risk factors were collected through interviews of participants by

trained bilingual research assistants. Race/ethnicity was deter-

mined by self-identification. Standardized questions were asked

regarding cardiovascular disease risk factors, such as

hypertension and diabetes, as previously described. Smoking

was categorized as current (within the past year), former, or

never smoker of cigarettes, cigars, or pipes. Moderate alcohol

use was defined as current drinking of .1 drink per month

and #2 drinks per day. Insurance status was defined as having

no insurance or Medicaid vs having private insurance/Medicare.22

Educational achievement was self-reported as number of years in

school and degree achieved.

An NPE was administered in a quiet room by trained bilin-

gual research assistants in English or Spanish, on the same day

as the MRI. An exploratory factor analysis as well as a review of

findings reported in previous studies informed the selection of

tests for each cognitive domain and Gc.14,15 The z scores for

processing speed, executive function, semantic memory, episodic

memory, and Gc were calculated by averaging z-transformed neu-

ropsychological test scores. Specifically, episodic memory was

assessed with 3 subscores on a 12-word 5-trial list-learning task:

list learning total score, delayed recall score, and delayed recog-

nition score. Executive function was assessed with 2 subscores:

the difference in time to complete the Color Trails Test, Form

1 and Form 2, and the sum of the Odd-Man-Out subtests 2 and

4. Processing speed was assessed with the Grooved Pegboard task in

the nondominant hand, the Color Trails Test, Form 1, and the

Visual-Motor Integration test.16 Semantic memory was assessed

with 3 tests: picture naming (modified Boston Naming Test), cat-

egory fluency (Animal Naming), and phonemic fluency (C, F, L in

English speakers and F, A, S in Spanish speakers). Baseline Gc was

assessed with theWide Range Achievement Test for English Speak-

ers, the Word Accentuation Test for Spanish speakers, and English

or Spanish version of the Peabody Picture Vocabulary Test, third

edition revised.23–25 Cognitive impairment at the time of initial

neuropsychological testing was defined as having a z score of less
than 21.5 on any of the initial cognitive domain scores.

Five years after the initial MRI, the cohort was invited to par-

ticipate in a second NPE. For the change from initial to second

NPE, the primary outcome in this study, we regressed the indi-

vidual test scores at the second assessment on the corresponding

initial test scores adjusting for age, education, and time interval

between the 2 assessments using linear regressions, and used

the standardized residuals from the regression models as the stan-

dardized change NPE test scores.26 The changes in neuropsycho-

logical domain scores were then obtained by averaging the

relevant individual standardized residuals.

Imaging for subclinical cerebrovascular disease was performed

on a 1.5T MRI system (Philips Medical Systems, Best, the Neth-

erlands) at the Hatch Research Center. The processing of MRI

scans to quantify white matter hyperintensity and cerebral, lateral

ventricular, and intracranial volumes, and to identify subclinical

brain infarcts, has been described previously.27
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Assessment of LTPA. LTPA was measured using an in-person

questionnaire adapted from the National Health Interview Survey

of the National Center for Health Statistics.28 The questionnaire

captures the duration and frequency of LTPA performed for

exercise for the 2 weeks before the interview. Participants were

then asked whether they performed any LTPA in the preceding 2

weeks, and those who answered no were coded as inactive. For each

activity, duration of activity and the number of times engaged in

this same activity were obtained. If the duration of activity was less

than 10 minutes, it was coded as “no activity.” This questionnaire

has been previously reported as reliable and valid in this

population,29 and correlates with body mass index and activities

of daily living. Objective measures of physical fitness correlate well

with LTPA questionnaires.30 Questionnaires were correlated with

compendia of LTPA to summarize activity in metabolic equivalents

(METs).31 Participant activity was defined as the maximum

intensity (in METs) of any activity performed and as moderate–

heavy activity (MET $6), light intensity (,6), and none. For

analytical purposes, we combined light intensity and no activity

as the referent groups because only moderate–heavy activity was

protective against stroke in our cohort.29

Statistical analysis. Baseline demographics by LTPA categories

were compared using x2 tests for categorical variables and Student

t tests for continuous variables.
The primary exposure was LTPA summarized as a categorical

variable, with moderate–heavy LTPA as the reference, and no/

light LTPA as the main exposure of interest. A secondary analysis

was conducted in which the no and light LTPA were examined

separately, with no LTPA as the reference. This analysis (table e-1

on the Neurology® Web site at Neurology.org) showed similar

cognitive performance and decline over time between these 2

groups, while the conclusions regarding cognition in the moder-

ate–heavy LTPA group remained consistent, confirming the pri-

mary analysis that grouped no/light LTPA together as the referent

category. A series of multivariable-adjusted linear regression mod-

els were constructed to examine the association between LTPA

and the 4 cognitive domains (executive function, memory, lan-

guage, processing speed) at the first NPE, and with the z scores for
the change in the domains from first assessment to follow-up

assessment. Model 1 was adjusted for age at MRI, sex, education,

medical insurance status (Medicaid or no insurance vs Medicare

or private insurance), Gc, and the time from baseline to first

cognitive assessment. Model 2 was additionally adjusted for mod-

ifiable vascular risk factors (smoking, moderate alcohol consump-

tion, body mass index, hypertension, diabetes). Model 3 was

adjusted for variables in model 1 plus MRI markers (subclinical

brain infarct, white matter hyperintensity volume, cerebral vol-

ume). The analyses of change in cognitive performance did not

include age at MRI or education as covariates because these var-

iables were included in the derivation of the z scores. We exam-

ined potential effect modification by Gc and the MRI markers by

including interaction terms between these variables and LTPA in

model 3. We ran sensitivity analyses excluding participants who

were cognitively impaired at baseline based on initial domain z
scores, which was defined as having a z score of less than21.5 on

any one or more of the cognitive domains (n5 247). All analyses

were conducted using SAS version 9.2 (SAS Institute, Cary, NC).

RESULTS Description of the cohort. The study popu-
lation included NOMAS MRI cohort members (n5

1,228) with LTPA measures and NPEs at baseline.

Table 1 Study cohort characteristics

Characteristic

Total MRI sample with LTPA and baseline
NPE available (n 5 1,228)

Sample with both baseline
and follow-up NPE available
(n 5 876)

Overall

Reported
no/light LTPA
(n 5 1,106)

Reported
moderate to
heavy LTPA
(n 5 122)

Reported
no/light LTPA
(n 5 789)

Reported
moderate to
heavy LTPA
(n 5 87)

Body mass index, kg/m2, mean (SD) 28.1 (4.8) 28.2 (4.8) 27.3 (4.2) 28.4 (4.8) 27.6 (4.3)

White matter hyperintensity volume
(% of total cranial volume), mean (SD)

0.7 (0.8) 0.7 (0.8) 0.6 (0.8) 0.6 (0.8) 0.5 (0.7)

Cerebral volume (% of total intracranial volume),
mean (SD)

72.5 (4.3) 72.4 (4.2) 72.8 (4.5) 73.0 (4.0) 73.1 (4.4)

Age at scan, y, mean (SD) 70.6 (9.0) 70.9 (9.0) 69.0 (8.6) 69.3 (8.3) 67.9 (8.0)

Education, y, mean (SD) 9.6 (5.1) 9.3 (5.0) 12.2 (5.3) 9.5 (5.0) 12.1 (5.5)

Women, n (%) 748 (60.9) 682 (55.5) 66 (5.4) 492 (56.2) 51 (5.8)

Medicaid/no insurance, n (%) 584 (47.6) 545 (44.4) 39 (3.2) 396 (45.2) 30 (3.4)

Smoker status, n (%)

Current 196 (16.0) 180 (14.7) 16 (1.3) 126 (14.4) 10 (1.1)

Former 453 (36.9) 392 (31.9) 61 (5.0) 279 (31.9) 45 (5.1)

Never 579 (47.2) 534 (43.5) 45 (3.7) 384 (43.8) 32 (3.7)

Moderate alcohol consumption, n (%) 502 (40.9) 430 (35.0) 72 (5.9) 314 (35.8) 52 (5.9)

History of hypertension, n (%) 839 (68.3) 766 (62.4) 73 (5.9) 534 (61.0) 53 (6.1)

Diabetes, n (%) 238 (19.4) 223 (18.2) 15 (1.2) 152 (17.4) 12 (1.4)

Silent brain infarcts, n (%) 109 (8.9) 103 (8.4) 6 (0.5) 58 (6.6) 3 (0.3)

Abbreviations: LTPA 5 leisure-time physical activity; NPE 5 neuropsychological examination.
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Baseline characteristics of the cohort are presented in
table 1. Our cohort is elderly (mean age 5 71 years)
with a high proportion of Hispanics and participants
who have not completed high school. Participants with
1 vs 2 NPEs did not differ by the measure of LTPA.
The prevalence of participants who reported moder-
ate–heavy physical activity was 10%. The scores on the
NPE declined between the first and second examina-
tion in all 4 domains, with a slightly greater decline in
processing speed compared to other domains.

Association of LTPA and initial NPE. In models
adjusted for baseline demographics at the time of
MRI (age, sex, education, insurance, Gc, and time
from baseline to first cognitive assessment), no/light
LTPA was associated with worse scores in all cogni-
tive domains compared to moderate- to heavy-
intensity LTPA, although the association was not
statistically significant for episodic memory (table
2). After adjusting for modifiable stroke risk factors
and MRI findings, the results attenuated slightly and
were no longer significant. In a sensitivity analysis, we
restricted the sample to those without evidence of
cognitive impairment at baseline and found similar
results, with worse scores on processing speed for
those who were physically inactive. Similarly, this
association was slightly attenuated and failed to
reach statistical significance in models adjusting for
vascular risk factors and MRI variables (table 2). We
found no interactions between LTPA and Gc or MRI
markers in relation to any of the cognitive domains
(data not shown).

Association of LTPA with change in NPE scores. When
we examined change in cognitive performance over time,
we found similar associations. Participants reporting no/-
light LTPA compared to moderate- to heavy-intensity

LTPA showed greater decline over time in processing
speed, adjusting for sociodemographic and vascular risk
factors, but the difference no longer reached
significance after adjusting for MRI markers (table 3).
For episodic memory, the decline in scores was of a
similar magnitude to that seen for processing speed for
participants who were physically inactive compared to
those reporting moderate–heavy LTPA but this did not
reach significance adjusting for sociodemographic and
vascular risk factors (p5 0.057, table 3). There was no
association between LTPA and change in executive
function or semantic memory. We also did not find
any interactions between LTPA and Gc or MRI
markers in relation to change in neuropsychological
performance (data not shown). In additional
analyses, we examined moderate- to heavy-intensity,
light-intensity, and no-activity groups separately
(tables e-1 and e-2). We found that those with
moderate–heavy activity had higher baseline scores
and slower decline in comparison to inactive
patients, while those with light activity had no
association with initial or change in NPE.

Association of LTPA with change in NPE scores

excluding those with cognitive impairment at initial

NPE. When we excluded participants with evidence
of cognitive impairment at initial NPE assessment,
participants reporting no/light LTPA declined signif-
icantly more in processing speed and episodic mem-
ory compared to participants reporting moderate–
heavy LTPA adjusting for sociodemographic and vas-
cular risk factors (table 3). After further adjusting for
structural MRI findings, the association remained sig-
nificant for episodic memory (p 5 0.027) but atten-
uated slightly for processing speed and no longer
reached significance (p 5 0.073). The magnitude of

Table 2 Association of no/light leisure-time physical activity (vs moderate–heavy) and initial cognitive performance by domain

Processing speed Executive function Semantic memory Episodic memory

ba 6 SE p Value ba 6 SE p Value ba 6 SE p Value ba 6 SE p Value

Total sample (n 5 1,247)

Model 1 20.148 6 0.071 0.039 20.165 6 0.078 0.035 20.131 6 0.064 0.043 20.146 6 0.077 0.060

Model 2 20.116 6 0.071 0.105 20.125 6 0.078 0.109 20.114 6 0.065 0.078 20.120 6 0.078 0.122

Model 3 20.101 6 0.071 0.159 20.125 6 0.079 0.114 20.102 6 0.065 0.116 20.113 6 0.078 0.147

Unimpaired at baseline (n 5 980)

Model 1 20.146 6 0.063 0.021 20.121 6 0.069 0.079 20.096 6 0.062 0.123 20.122 6 0.072 0.088

Model 2 20.119 6 0.063 0.059 20.089 6 0.069 0.199 20.080 6 0.062 0.201 20.106 6 0.072 0.141

Model 3 20.113 6 0.063 0.073 20.084 6 0.069 0.225 20.070 6 0.063 0.266 20.102 6 0.072 0.160

Model 1: adjusted for age, sex, education, Medicare status, crystallized abilities, time from baseline to first cognitive assessment, and moderate to heavy
reported physical activity. Model 2: model 1 plus modifiable vascular risk factors (smoking status, moderate alcohol consumption, body mass index,
hypertension, diabetes). Model 3: model 2 including MRI markers (infarct, white matter disease, atrophy).
a Beta (b) represents the average z score difference in neuropsychological examination at baseline between no/low leisure-time physical activity and
moderate–heavy leisure-time physical activity (as a reference).
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the decrease in episodic memory between the 2 NPEs
was equivalent to 10 years of aging in our multivar-
iable models (p , 0.001).

DISCUSSION In this racially/ethnically diverse
cohort of older adults, we found that, compared to
moderate–heavy LTPA, no or low leisure-time
physical activity was associated with a greater
decline in processing speed among all participants,
and episodic memory among those unimpaired at
baseline. The degree of decline was equivalent to
the expected decline associated with approximately
10 years of cognitive aging. Our study is unique in
demonstrating that the different effect on decline in
processing speed over time between 2 LTPA groups
may be more appreciable among those without initial
cognitive impairment. This observation is consistent
with the paradigm that interventions aimed at
preventing cognitive decline need to occur before
symptoms are manifest. Similar to prior studies in
non-Hispanic white populations, our results provide
evidence that physical activity may thus delay the
onset of cognitive decline, and that effect could be
more prominent among those who are cognitively
intact at baseline and add to the growing data
establishing modifiable risk factors for dementia.32–34

Prior studies have limitations for understanding
whether or not all individuals will have a protective
effect against cognitive decline from LTPA. Our
findings inform the role of LTPA in slowing the rate
of cognitive decline in the presymptomatic state before
pathology may become irreversible.9

The hypothesized mechanisms of action for the
protective role of LTPA on cognition have been
related to 2 broad categories: vascular and nonvascu-
lar. LTPA reduces the incidence of hypertension and

diabetes and ameliorates end-organ damage, includ-
ing subclinical cerebrovascular disease among those
who already have it.35 In our study, this is unlikely
to be the sole explanation given the continued asso-
ciation after adjusting for these factors, although
residual confounding cannot be entirely excluded.
LTPA is also associated with a lower risk of silent
brain infarction, which is associated with cognition,
and adjusting for subclinical MRI evidence of brain
disease partially attenuated our results.22 There are
extensive animal and human data to suggest that
LTPA may influence several biological processes
involved in cognition independent of cerebrovascular
injury, including angiogenesis, neurogenesis, and
neuronal connectivity.36,37

Our findings of a lack of a protective effect when
we included those who were cognitively impaired are
in keeping with results from randomized clinical trials
in Alzheimer disease in which LTPA did not affect
measures of memory.38 Episodic memory may be
influenced by connectivity between the hippocampus
and higher cortical structures, and although these
pathways appear to be affected by ischemic damage,
they are also dependent on the degree of b-amyloid
deposition. Recent data suggest that LTPA may
attenuate some of the deleterious effects of amyloid
deposition in the preclinical stage,39 which we were
not able to examine in our cohort.

Our study has some important limitations. Close
to one-quarter of the sample did not have a repeat
NPE, limiting power to detect associations with
change in cognitive performance and introducing
possible selection bias. However, in our analyses, we
found that participants with and without repeat
NPE did not differ by LTPA level. Although this sug-
gests that selection bias did not confound the

Table 3 Association of no/light physical activity at baseline (vs moderate–heavy) and change in cognitive performance by domain

Processing speed Executive function Semantic memory Episodic memory

ba 6 SE p Value ba 6 SE p Value ba 6 SE p Value ba 6 SE p Value

Total sample (n 5 993)

Model 1 20.254 6 0.112 0.023 20.040 6 0.114 0.728 20.047 6 0.113 0.677 20.219 6 0.116 0.060

Model 2 20.231 6 0.112 0.040 0.005 6 0.114 0.968 20.045 6 0.114 0.693 20.223 6 0.117 0.057

Model 3 20.219 6 0.114 0.055 0.018 6 0.115 0.878 20.018 6 0.115 0.875 20.224 6 0.117 0.056

Unimpaired at baseline (n 5 728)

Model 1 20.243 6 0.116 0.037 20.046 6 0.115 0.689 20.072 6 0.111 0.519 20.231 6 0.115 0.046

Model 2 20.226 6 0.117 0.053 20.007 6 0.115 0.954 20.075 6 0.112 0.506 20.257 6 0.116 0.027

Model 3 20.212 6 0.118 0.073 0.006 6 0.117 0.958 20.050 6 0.113 0.658 20.258 6 0.117 0.027

Model 1: adjusted for age, sex, education, Medicare status, crystallized abilities, time from baseline to first cognitive assessment, and moderate to heavy
reported physical activity. Model 2: model 1 plus modifiable vascular risk factors (smoking status, moderate alcohol consumption, body mass index,
hypertension, diabetes). Model 3: model 2 including MRI markers (infarct, white matter disease, atrophy).
a Beta (b) represents the average difference in neuropsychological examination change in z score per year between no/low leisure-time physical activity and
moderate–heavy leisure-time physical activity (as a reference).
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association between LTPA and decline on NPE, it re-
mains a limitation. We did not collect information on
lifetime patterns of LTPA, such as midlife LTPA,5

which others have shown can have a significant
effect on multiple outcomes associated with aging,
including cardiovascular mortality and stroke. The
NOMAS MRI study did not collect objective meas-
ures of physical fitness, such as actigraphy, but pre-
vious studies have shown moderate correlation of
LTPA questionnaires with actigraphy. Information
on occupational physical activity was also not cap-
tured, although the protective effect of occupational
activities on cardiovascular disease has been incon-
sistent and this elderly population was less likely to
be working. We did not correct for multiple testing
across domains in our data analyses, although the
domains were highly correlated in the sequential
models and across domains.

Important strengths of our study include an
understudied population with a high burden of cardi-
ovascular disease risk factors, and use of more than
one measure of cognitive function derived from a sen-
sitive neuropsychological test battery. Of note, LTPA
has protective effects against multiple other condi-
tions associated with aging, with little associated
risk,21 and our observational findings support the
hypothesis that even the elderly benefit from LTPA.

We found that LTPA was associated with a protec-
tive effect against cognitive decline, independent of
structural brain injury as captured by MRI. LTPA
is a likely therapeutic target for cognitive decline with
aging. Further studies are also required to understand
the mechanism of action. Physical activity poses an
attractive target for lessening the public health burden
of cognitive impairment because of its low cost, lack
of interaction with medications, and other health
benefits.
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