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IMPORTANCE Evidence on the association of lifespan cognitive reserve (CR) with dementia is
limited, and the strength of this association in the presence of brain pathologies is unknown.

OBJECTIVE To examine the association of lifespan CR with dementia risk, taking brain
pathologies into account.

DESIGN, SETTING, AND PARTICIPANTS This study used data from 2022 participants in the Rush
Memory and Aging Project, an ongoing community-based cohort study with annual follow-up
from 1997 to 2018 (mean follow-up, 6 years; maximum follow-up, 20 years). After excluding
420 individuals who had prevalent dementia, missing data on CR, or dropped out, 1602
dementia-free adults were identified at baseline and evaluated to detect incident dementia.
During follow-up, 611 died and underwent autopsies. Data were analyzed from May to
September 2018.

EXPOSURES Information on CR factors (education; early-life, midlife, and late-life cognitive
activities; and social activities in late life) was obtained at baseline. Based on these factors,
lifespan CR scores were captured using a latent variable from a structural equation model and
was divided into tertiles (lowest, middle, and highest).

MAIN OUTCOMES AND MEASURES Dementia was diagnosed following international criteria.
Neuropathologic evaluations for Alzheimer disease and other brain pathologies were
performed in autopsied participants. The association of lifespan CR with dementia or brain
pathologies was estimated using Cox regression models or logistic regression.

RESULTS Of the 1602 included participants, 1216 (75.9%) were women, and the mean (SD)
age was 79.6 (7.5) years. During follow-up, 386 participants developed dementia (24.1%),
including 357 participants with Alzheimer disease–related dementia (22.3%). The
multiadjusted hazards ratios (HRs) of dementia were 0.77 (95% CI, 0.59-0.99) for
participants in the middle CR score tertile and 0.61 (95% CI, 0.47-0.81) for those in the
highest CR score tertile compared with those in the lowest CR score tertile. In autopsied
participants, CR was not associated with most brain pathologies, and the association of CR
with dementia remained significant after additional adjustment for brain pathologies (HR,
0.60; 95% CI, 0.42-0.86). The highest CR score tertile was associated with a reduction in
dementia risk, even among participants with high Alzheimer disease pathology (HR, 0.57;
95% CI, 0.37-0.87) and any gross infarcts (HR, 0.34; 95% CI, 0.18-0.62).

CONCLUSIONS AND RELEVANCE High lifespan CR is associated with a reduction in dementia
risk, even in the presence of high brain pathologies. Our findings highlight the importance of
lifespan CR accumulation in dementia prevention.
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T he cognitive reserve (CR) hypothesis has been pro-
posed as a compensatory mechanism to cope with age-
related brain damage and to account for interindi-

vidual variability in the ability to maintain cognitive function
in the presence of brain pathologies.1 Education, occupation
attainment, and social and cognitive activities have been
considered as proxy measures of CR.2-4 However, emerging
evidence has suggested that CR is an active construct that
develops from continued life experiences.5 One reserve-
enhancing factor during a certain period alone could not fully
explain the accumulation of cognitive activities over the life
course.6 So far, evidence on whether and to what extent life-
span CR accumulation may reduce dementia risk is still
limited.6

According to CR theory, Stern et al7 have suggested that 3
components are required for CR-related research: a measure of
CR, clinical or cognitive performance outcomes, and the status
of the brain (reflecting brain pathologies). However, as in vivo
measures of neuronal pathology are not widely available, few
studies presenting the association of the proxy of CR with de-
mentia have taken brain pathologies into account. Several stud-
ies have shown that CR might be directly associated with neu-
ropathology and resist the accumulation of brain pathologies.8-10

However, other studies have indicated that CR might bypass
classic brain pathologies11 and represent other pathways, such
as enhancing brain network efficiency to compensate for demen-
tia pathology.12,13 Therefore, the role of brain pathologies in the
association of CR with cognitive outcomes remains unclear.

We previously reported that more frequent cognitive ac-
tivities from early to late life and social activities in late life were
associated with slower cognitive decline.14-16 In the present
study, we aim to verify the hypothesis that high lifespan CR
accumulation is associated with a reduction in clinical demen-
tia risk and to estimate the strength of this association in the
presence of brain pathologies using data from a long-term com-
munity-based cohort study in which people donated their
brains for autopsy.

Methods
Study Design, Setting, and Participants
The Rush Memory and Aging Project17 is an ongoing prospec-
tive cohort study that investigates risk factors for common
chronic neurodegenerative conditions in older adults. At the
time of enrollment and thereafter, all participants underwent
a comprehensive clinical assessment, including medical his-
tory, neurological examination, and detailed cognitive func-
tion testing.17

Beginning in 1997 through 2018, a total of 2022 partici-
pants were enrolled. The participants were annually fol-
lowed up with, for a maximum of 20 years. In this study, among
2022 participants, a total of 420 were excluded, including 112
with prevalent dementia, 101 with missing data on CR-
enhancing factors at baseline, 31 not eligible for their first fol-
low-up because of mental disorder, 136 who dropped out be-
fore the first follow-up evaluation, and 40 who died. Thus, 1602
participants were available for the current study. During the

follow-up period, 747 participants died, of whom 611 (81.8%)
underwent autopsy (eFigure 1 in the Supplement).

The study was approved by the Institutional Review Board
of Rush University Medical Center and was performed in ac-
cordance with the ethical standards laid down in the 1964 Dec-
laration of Helsinki and its later amendments. Written in-
formed consent was obtained from all participants, and
Uniform Anatomic Gift Act documentation was obtained for
all participants who underwent autopsy. This study followed
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Assessment of Lifespan CR
Data on stimulating mental and social activities over the life
course and social network collected at baseline were consid-
ered to construct an indicator of CR. These factors included
education; early-life, midlife, and late-life cognitive activi-
ties; social activity in late life; and social network in late life.

For education, years of education was calculated based on
the number of years of regular school reported at baseline.18

Among 1602 participants, the mean (range) years of educa-
tion was 14.76 (0-29) years.

For early-life, midlife, and late-life cognitive activities, par-
ticipants completed a 37-item cognitive activity question-
naire at baseline.14,16 The activities included reading books, vis-
iting a library, and writing letters during childhood (aged 6 to
12 years), young adulthood (aged approximately 18 years),
middle age (aged approximately 40 years), and late life (at the
study enrollment). Frequencies of participation in each activ-
ity at different periods of life were rated from 1 (once a year or
less) to 5 (every day or about every day).14 In the question-
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from 1 (once a year or less) to 5 (every day or about every day).
Item scores were summed and averaged to obtain a compos-
ite measure of social activity.20,21

For social network in late life, participants were asked about
the number of children they have and meet monthly. They were
also asked about the number of relatives (besides spouse and
children) and other close friends to whom they feel close and
with whom they felt at ease and could talk to about private mat-
ters and could call on for help as well as how many of these
people they see monthly. Social network size was the num-
ber of these individuals (children, family, and friends) seen at
least once per month.22

Assessment of Dementia, Alzheimer Disease–Related Dementia,
and Mild Cognitive Impairment
Clinical diagnoses of dementia and Alzheimer disease (AD)–
related dementia were based on criteria of the joint working
group of the National Institute of Neurological and Commu-
nicative Disorders and Stroke and the Alzheimer Disease and
Related Disorders Association.23 The diagnosis of mild cogni-
tive impairment (MCI) referred to persons with cognitive im-
pairment diagnosed by the neuropsychologist but without a
clinical diagnosis of dementia by the examining clinician.24,25

Assessment of Brain Pathologies
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0.99) for those in the middle CR score tertile and 0.61 (95% CI,
0.47-0.81) for those in the highest CR score tertile, and the HRs
of AD-related dementia were 0.77 (95% CI, 0.59-1.00) for those
in the middle CR score tertile and 0.61 (95% CI, 0.46-0.81) for
those in the highest CR score tertile. The association of the CR
score with dementia and AD-related dementia risk was dose
dependent (Table 2).

Kaplan-Meier survival analysis showed that median (in-
terquartile range) dementia onset time was 12.30 (8.78-15.82)
years in participants in the lowest CR score tertile, 14.98 (11.14-
18.82) years in participants in the middle CR score tertile, and
more than 20 years in participants with highest CR. Partici-
pants in the highest CR score tertile had later dementia onset
by more than 7 years compared with those in the lowest CR
score tertile (eFigure 2 in the Supplement).

CR and Dementia Risk in Autopsied Participants
Of the 747 people who died, 611 (81.8%; 440 [72.0%] women;
mean [SD] age, 83.0 [5.8] years) underwent autopsy, of whom
241 were diagnosed as having incident dementia. Baseline and
neuropathological characteristics of the autopsied participants
by dementia status are shown in eTable 2 in the Supplement.

In the post mortem data analysis, multiadjusted multino-
mial logistic regression analyses showed that compared with
the lowest CR score tertile, the middle and highest CR score
tertiles at baseline were not associated with the burden of AD
pathology and other brain pathologies, except for gross in-
farcts (OR, 0.49; 95% CI, 0.31-0.78) (eTable 3 in the Supple-
ment). There was no statistically significant association of MCI
with global AD pathology (OR, 0.78; 95% CI, 0.37-1.67; P = .53)
or gross infarcts (OR, 1.04; 95% CI, 0.38-2.82; P = .94) among
those in the highest CR score tertile.

Table 1. Baseline Characteristics of the Study Population by Dementia Status

Characteristic

No. (%)

P Value
Dementia-Free
(n = 1216)

Incident Dementia
(n = 386)

Age, mean (SD), y 78.5 (7.6) 83.0 (6.0) <.001

Female 924 (76.0) 292 (75.7) .89

Life course cognitive reserve factors

Education, mean (SD), y 14.8 (3.3) 14.5 (3.1) .08

Early-life cognitive activity, mean (SD) 3.1 (0.6) 3.0 (0.6) .11

Midlife cognitive activity, mean (SD) 3.3 (0.6) 3.2 (0.7) .04

Late-life cognitive activity, mean (SD) 3.2 (0.7) 3.1 (0.8) .003

Social activity in late life, mean (SD) 2.7 (0.6) 2.5 (0.6) <.001

Social network, median (IQR) 6.0 (3.0-10.0) 5.0 (3.0-9.0) .03

Smoking status

Never 696 (57.2) 245 (63.5)

.08Ever 483 (39.7) 133 (34.5)

Current 37 (3.1) 8 (2.0)

Alcohol consumptiona

Never/occasional 731 (60.8) 261 (67.6)

.03Light/moderate 340 (27.6) 89 (23.1)

Heavy 144 (11.7) 36 (9.3)

Physical activity, median (IQR) 2.4 (0.8-4.5) 2.5 (1.0-4.7) .98

BMI, mean (SD)b 27.7 (5.6) 26.5 (4.5) <.001

MMSE score, median (IQR)a 29.0 (28.0-30.0) 28.0 (26.0-29.0) <.001

Heart diseasea 109 (9.0) 36 (9.3) .83

Hypertension 826 (67.9) 242 (62.7) .06

Cerebrovascular diseasec 96 (8.7) 41 (11.3) .14

Type 2 diabetes 187 (15.4) 39 (10.1) .01

Any APOE ε4d 224 (19.5) 121 (32.0) <.001

Death during follow-up 458 (37.7) 289 (74.9) <.001

Abbreviations: APOE ε4,
apolipoprotein ε4 allele; BMI, body
mass index (calculated as weight in
kilograms divided by height in meters
squared); IQR, interquartile range;
MMSE, Mini-Mental State
Examination.
a Data missing for 1 participant.
b Data missing for 30 participants.
c Data missing for 139 participants.
d Data missing for 72 participants.

Figure 1. Standardized Estimates From the Structural Equation Model
With 5 Observable Factors of a Latent Reserve Construct
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The multiadjusted Cox regression models showed that the
highest CR score tertile was significantly associated with a re-
duction in risk of dementia (HR, 0.60; 95% CI, 0.42-0.86) and
AD-related dementia (HR, 0.60; 95% CI, 0.41-0.87) com-
pared with the lowest CR score tertile after additional adjust-
ment for global AD pathology and other brain pathologies. The
associations of CR score tertile with risk of dementia and AD-
related dementia were dose dependent (eTable 4 in the Supple-
ment).

Compared with those with high brain pathologies but in
the lowest CR score tertile, the incident rates of dementia were
about 38% to 55% lower in people both in the highest CR score
tertile and with high brain pathologies (including global AD pa-
thology, gross infarcts, and microscopic infarcts) (Figure 2;
eTable 5 in the Supplement). In stratified analysis by level of
brain pathology, the association of high CR score tertile with
a reduction in dementia risk remained significant in partici-
pants with high AD pathology (HR, 0.57; 95% CI, 0.37-0.87)
and any gross infarcts (HR, 0.34; 95% CI, 0.18-0.62) (Table 3).

Supplementary Analyses
The results were not altered much compared with those from
initial analyses when we repeated the following analyses by

(1) multiple imputation for missing values (eTable 6 in the
Supplement
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associated with most brain pathologies, and the association
of CR with dementia remained significant after additional ad-
justment for brain pathologies; and (3) high CR could be asso-
ciated with a reduction in dementia risk even in the presence
of high AD burden and vascular pathologies. Neuropathologi-
cal and neuroimaging studies have suggested that many people
may tolerate considerable AD-related neuropathology with-
out expressing the clinical syndrome.1 Indeed, about 25% of
cognitively healthy older adults have increased levels of β-amy-
loid plaques in the brain.4 The concept of CR refers to the ca-
pacity to be resilient to age-related brain changes and the dis-
ease-related pathology in the brain without developing clinical
dementia29 through enhanced brain network efficiency, ca-
pacity, or flexibility.13 Although a number of CR-related fac-
tors, including higher education attainment,2,30 complex oc-
cupation status,29 and rich cognitive and social activities,3,31,32

have been individually associated with a reduction in demen-
tia risk, the association of each individual component with de-
mentia could also be because of many alternative paths in-
stead of a direct relation to the hypothesized CR. For example,
lower education that is associated with dementia risk may also
contribute to the deleterious effects of low socioeconomic sta-
tus or cardiovascular disorders.33

In recent years, the use of CR indices has been suggested
to evaluate the CR based on cumulative reserve factors,34,35

and the specific weight of each proxy indicator has been con-
troversial. In the present study, to extract the CR score, we used
SEM based on lifespan (ie, through early life, midlife, and late
life) cognitive-enhancing activities and social activities in late
life, and the weight of each CR factor was generated from SEM
according to its contribution to the score, which was not equally
weighted. We found that lifespan CR indicators in the middle

and highest tertiles were associated with an approximately 23%
to 39% reduction in risk of dementia. Furthermore, the asso-
ciation of CR with dementia was dose dependent, suggesting
that accumulative educational and mentally stimulating ac-
tivities throughout life are of great significance, given that there
is currently no effective treatment for dementia.

So far, few studies presenting the association of the proxy
of CR with dementia have taken brain pathologies into ac-
count. A 1999 study8 found that lower education was associ-
ated with the occurrence of cerebral infarcts. However, many
other studies have failed to find a direct association of CR fac-
tors (such as education,11 cognitive activity,16 or cognitive life-
style score36) with common dementia neuropathology. In the
present study, we found that high lifespan CR indicator was
not associated with most brain pathologies, except for gross
infarcts, and baseline MCI status did not modify the associa-
tion of brain pathology with CR. Further, high CR indicator was
associated with a reduction in the risk of dementia indepen-
dently of AD, vascular, and other brain pathologies. In addi-
tion, high lifespan CR indicator may be associated with a re-
duction in the risk of dementia even in the presence of high
AD and vascular pathologies. These results were consistent
with other studies11 and the CR theory7 that CR could reduce
dementia risk and compensate for or cope with dementia pa-
thology through other pathways rather than avoiding pathol-
ogy directly.

Strengths and Limitations
This study has high rates of clinical evaluation and autopsy,
which might minimize selective bias. Furthermore, the use
of latent factors could capture the comprehensive effect of
multiple CR factors across the lifespan. Nonetheless, some

Table 3. Association of Cognitive Reserve (CR) With Dementia and Alzheimer Disease (AD)–Related Dementia by Presence of Brain Pathologyc

Brain Pathology CR Tertile
No. of
Participants

Dementia AD-Related Dementia

No. HR (95% CI)a
Multiadjusted HR
(95% CI)b No. HR (95% CI)a

Multiadjusted HR
(95% CI)b

Global AD
pathology
burden

Low Lowest 94 32 1 [Reference] 1 [Reference] 30 1 [Reference] 1 [Reference]

Middle 91 21 0.58 (0.33-1.02) 0.66 (0.36-1.23) 17 0.53 (0.30-0.92) 0.58 (0.30-1.12)

Highest 102 29 0.55 (0.32-0.94) 0.63 (0.35-1.13) 26 0.51 (0.28-0.93) 0.60 (0.33-1.11)

High Lowest 104 63 1 [Reference] 1 [Reference] 58 1 [Reference] 1 [Reference]

Middle 95 45 0.87 (0.59-1.27) 0.94 (0.63-1.39) 43 0.88 (0.59-1.30) 0.97 (0.64-1.47)

Highest 83 38 0.63 (0.42-0.95) 0.57 (0.37-0.87) 37 0.64 (0.43-0.98) 0.58 (0.37-0.90)

Gross infarcts

No Lowest 113 47 1 [Reference] 1 [Reference] 44 1 [Reference] 1 [Reference]

Middle 112 33 0.63 (0.39-0.96) 0.64 (0.40-1.03) 32 0.63 (0.42-0.97) 0.65 (0.40-1.05)

Highest 138 48 0.61 (0.42-0.95) 0.61 (0.40-0.93) 46 0.62 (0.39-0.98) 0.60 (0.39-0.93)

Any Lowest 85 48 1 [Reference] 1 [Reference] 44 1 [Reference] 1 [Reference]

Middle 74 33 0.83 (0.53-1.31) 0.78 (0.49-1.23) 28 0.80 (0.49-1.29) 0.74 (0.46-1.22)

Highest 47 19 0.41 (0.23-1.31) 0.34 (0.18-0.62) 17 0.39 (0.22-0.72) 0.32 (0.17-0.61)

Abbreviation: HR, hazard ratio.
a Adjusted for age and sex.
b Adjusted for age, sex, smoking, alcohol consumption, physical activity, body

mass index, heart disease, hypertension, cerebrovascular disease, diabetes,

and apolipoprotein E ε4.
c A total of 43 participants had missing data (body mass index, 11;

cerebrovascular disease, 26; and apolipoprotein E ε4, 6).
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limitations need to be pointed out. First, the generalizability
of the findings is limited because the study participants
were volunteers. Second, as the brains were obtained at the
end of the study, the causal inference of the neuropatho-
logic basis in the association of CR with dementia must be
further explored carefully. Third, CR-related factors were
assessed by retrospective self-report, which could be sub-
ject to measurement error. However, use of a SEM-based
latent variable approach allowed for the correction of unre-
liability in these factors. Fourth, as brain changes might
occur nearly 15 years before clinical diagnosis of dementia,
reverse causality between dementia and exposure studied
at baseline could have occurred. We excluded those with
incident dementia during the first follow-up, and the
observed association remained significant. Fifth, nonre-
sponse bias might have occurred owing to missing data.
However, we repeated the analysis by multiple imputation

for missing values, and the main results were not altered
much.

Conclusions
This study provides evidence that high lifespan CR indicator,
encompassing education, early-life, midlife, and late-life cog-
nitive activities, and social activities in late life, is associated
with a reduction in dementia risk, even in people with high AD
and vascular pathologies. Our findings suggest that accumu-
lative educational and mentally stimulating activities enhanc-
ing CR throughout life might be a feasible strategy to prevent
dementia, even in people with high AD or vascular patholo-
gies. Further large population-based longitudinal studies are
warranted to establish the strategies of engagement in CR-
related activities for the prevention of dementia.
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