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Abstract
Background and Objectives
To determine whether cognitive reserve attenuates the association of vascular brain injury with
cognition.

Methods
Cross-sectional data were analyzed from 2 harmonized studies: the Canadian Alliance for
Healthy Hearts and Healthy Minds (CAHHM) and the Prospective Urban and Rural Epide-
miology (PURE) study. Markers of cognitive reserve were education, involvement in social
activities, marital status, height, and leisure physical activity, which were combined into a
composite score. Vascular brain injury was defined as nonlacunar brain infarcts or high white
matter hyperintensity (WMH) burden on MRI. Cognition was assessed using the Montreal
Cognitive Assessment Tool (MoCA) and the Digit Symbol Substitution Test (DSST).

Results
There were 10,916 participants age 35–81. Mean age was 58.8 years (range 35–81) and 55.8%
were female. Education, moderate leisure physical activity, being in a marital partnership, being
taller, and participating in social groups were each independently associated with higher cog-
nition, as was the composite cognitive reserve score. Vascular brain injury was associated with
lower cognition (β –0.35 [95% confidence interval [CI] –0.53 to −0.17] for MoCA and β −2.19
[95% CI −3.22 to −1.15] for DSST) but the association was not modified by the composite
cognitive reserve variable (interaction p = 0.59 for MoCA and p = 0.72 for DSST).
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Conclusions
Both vascular brain injury andmarkers of cognitive reserve are associated with cognition. However, the effects were independent
such that the adverse effects of covert vascular brain injury were not attenuated by higher cognitive reserve. To improve cognitive
brain health, interventions to both prevent cerebrovascular disease and promote positive lifestyles are needed.

Clinical and postmortem studies report variations in risk for
dementia despite the same type and degree of brain pathol-
ogy.1 The factors that lead to this variation in cognition have
been termed cognitive reserve.1 Individuals with greater
cognitive reserve are hypothesized to have better functioning
brains that can tolerate brain pathologic changes without
exhibiting impairment.

Most of the research on cognitive reserve has focused on
markers that influence the expression of Alzheimer disease
pathology in older individuals, with comparatively few studies
of cognitive reserve inmidlife or of cognitive dysfunction from
cerebrovascular pathology.2 A few studies suggest that the
association of white matter hyperintensities (WMH) with
lower cognition is attenuated in persons with higher educa-
tion.3 However, whether other potential factors modify the
degree of cognitive dysfunction in persons with WMH is not
known. Such potential modifiers include social and behavioral
function such as level of social engagement, marital status,
height, and physical activity.

We analyzed data from 2 large population-based studies: the
Canadian Alliance for Healthy Hearts and Healthy Minds
(CAHHM) cohort study4 and the Prospective Urban and
Rural Epidemiology Mind substudy (PURE-Mind).5 First, we
tested the association between MRI vascular brain injury and
cognition. Next, we tested the association between cognition
and cognitive reserve markers. Finally, we created a cognitive
reserve composite score and tested whether the association
between vascular brain injury and cognition was modified by
high compared to low levels of cognitive reserve, as assessed
by the composite score.

Methods
Study Population
This was a cross-sectional analysis of participants enrolled in 2
cohort studies with harmonized assessments of risk factors,
MRI, and cognitive outcomes (Figure 1). Our analysis is cross-
sectional. Due to the similarities and ability to harmonize data
between the 2 cohort studies, we pooled data between the

studies. Participants provided written informed consent. The
study was approved by local institutional review boards.

CAHHM is a collaboration of several prospective longitudinal
cohort studies that examine socioenvironmental and contex-
tual factors of cardiovascular, cerebrovascular, and subclinical
disease and cognition.4 CAHHM includes participants
recruited from 2013 to 2019 from 14 sites from 8 previously
established study cohorts: the CanPath—Canadian Partner-
ship for Tomorrow’s Health (formerly CPTP) Cohorts (BC
Generations Project, Alberta’s Tomorrow Project, Ontario
Health Study, CARTaGENE, and Atlantic PATH6), the
Chinese Canadian Alliance cohort, and the Montreal Heart
Institute Biobank. Participants were 35–69 years of age.

PURE is a prospective study of the determinants of health in
26 countries.7 For this analysis, additional data were used
fromCanadian, Chinese, Indian, and Polish participants in the
Mind substudy of PURE, who agreed to have a brain MRI and
cognitive testing.5 These participants were recruited between
2010 and 2016 from 55 urban and rural Canadian commu-
nities from 4 Canadian cities (Vancouver, British Columbia;
Hamilton and Ottawa, Ontario; and Quebec City, Quebec); 1
site in Poland (recruiting inhabitants of Lower Silesia); 3 sites
in India (in Bangalore, Jaipur, and Thiruvananthapuram); and
1 site in Beijing, China. Participants were age 35–81 and had
no prior history of stroke, dementia, or other CNS diseases.

Assessments
Medical history, demographics, lifestyle (individual and
household level and neighborhood walkability), anthropo-
metric measures, cognition, and MRI were recorded at en-
rollment. The CAHHM study was designed to use the same
data elements harmonized with PURE to enable combined
analyses of the 2 studies.

Markers of cognitive reserve were chosen based on literature
reviews and availability of the variables in the database. We
specified 6 markers of cognitive reserve: education, in-
volvement in social groups, marital status, level of stress,
height, and level of leisure physical activity.1,8-11 We di-
chotomized all variables. Education was classified as college

Glossary
CAHHM = Canadian Alliance for Healthy Hearts and Healthy Minds; CBI = covert brain infarct; CI = confidence interval;
DSST = Digit Symbol Substitution; FLAIR = fluid-attenuated inversion recovery; LADIS = Leukoaraiosis and Disability;
MET = metabolic equivalent; MoCA = Montreal Cognitive Assessment; PURE-Mind = Prospective Urban and Rural
Epidemiology Mind substudy; WMH = white matter hyperintensities.
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or university, high school or trade school, or less education;
social activities were assessed by asking if participants are
members of an organized social group; marital status was
defined as currently being in a married or common law
partnership; stress was dichotomized as moderate or severe
stress vs low stress and was captured through a self-reported
questionnaire previously used in the INTERHEART
study,12 where moderate or severe stress consisted of several
periods of work or home stress, or permanent work or home
stress; height was stratified by sex and dichotomized at sex-
specific medians of above or below 163 cm for females and
above or below 176 cm for males (we included height since
prior literature suggests that it may have protective effects
against dementia13; we hypothesize it may be a proxy for
early-life development); leisure physical activity was cap-
tured based on self-report of number of hours per week or
the equivalent number of metabolic equivalent (MET) mi-
nutes (≥960 METs) on the International Physical Activity
Questionnaire14 and dichotomized as moderate to high
(more than 4 hours per week or the equivalent number of
MET minutes [≥960 METs]) vs low. The social activities
question was not assessed in the Chinese cohort; therefore,
the 466 participants from China (4.2%) were omitted from
the analysis of cognitive reserve and the interaction of cog-
nitive reserve with vascular brain injury. While brain imaging
and cognition were measured at the same visit in all cohorts,
some risk factors related to cognitive reserve were measured
at a prior visit. In the PURE study (n = 3,880), assessments
were done a median of 6.7 years prior to the MRI and
cognitive assessment (interquartile range 3.8–8.6 years),
while in the CAHHM cohorts the cognitive reserve variables

were captured at the time of the MRI and cognitive assess-
ment, except for education and marital status, which were
assessed a median of 5.0 years prior (interquartile range
4.0–6.0 years).

Cognition was assessed using the Montreal Cognitive As-
sessment (MoCA) and the Wechsler Adult Intelligence Scale,
4th Edition, Digit Symbol Substitution Test (DSST)15,16 in
both studies. Participants were provided 120 seconds to
complete the DSST. DSST was not administered in the
Chinese cohort. MoCA and DSST were treated as continuous
variables for this analysis. To explore potential associations
with cognitive subdomains, MoCA questions were grouped
into 6 domains (memory, executive function, visuospatial
function, language, attention, and orientation) based on a
prior publication.17

The MRI acquisition measures were harmonized between the
2 studies. In the CAHHM study, only high-resolution T1-
weighted and T2-weighted fluid-attenuated inversion re-
covery (FLAIR) sequences were acquired. In the PURE-Mind
study, the following sequences were acquired: high-resolution
T1-weighted, dual echo proton density/T2-weighted, T2*-
weighted gradient recalled echo, and FLAIR. The MRI se-
quences in these studies have been validated as part of the
Canadian Dementia Imaging Protocol.18 There were 5,075
participants scanned at 1.5T and 5,841 scanned at 3.0T.

MRI data were analyzed by a combined central core labora-
tory at the University of Calgary and Sunnybrook Hospital,
Toronto, Canada. Each scan was visually reviewed for

Figure 1 Association of Markers of Cognitive ReserveWith Montreal Cognitive Assessment (MoCA) Score and Digit Symbol
Substitution Test (DSST)

(A) MoCA. (B) DSST. Mixed models include ran-
dom (center) intercepts and fixed effects for age,
sex, ethnicity, education, and all variables shown
in the figure. CI = confidence interval.
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adequate quality. Covert brain infarcts (CBIs) and WMH
were defined according to consensus criteria. CBI was defined
as brain infarcts that were not associated with overt clinical
symptoms of stroke19 and classified as lacunar and non-
lacunar. WMH was rated according to the Fazekas scale, in
which a score of 0–3 is assigned separately to periventricular
and subcortical WMH (sum 0–6), which has been validated
against quantitative measurements. High WMH was defined
as Fazekas sum score of 4–6. Vascular brain injury was defined
as the presence of nonlacunar infarcts or high WMH.

Statistical Analysis
Linear mixed models with random intercepts were used to
determine the relationship between brain abnormalities
(nonlacunar brain infarcts, WMH, and nonlacunar infarcts)
and cognition (MoCA andDSST scores). Site was included as
a random intercept variable to account for site-related varia-
tions in cognition and differences in the MRI scanner. MoCA
and DSST were treated as a continuous variable for analysis.
Presence or absence of covert brain infarcts were recorded
and WMH was categorized as high (Fazekas total score of
4–6) vs low burden. We evaluated the association of non-
lacunar CBI, high WMH, and the composite (vascular brain
injury) with cognition, both unadjusted and adjusted for age,
sex, and ethnicity as fixed effects. Next, we considered the
association of the cognitive reserve variables on the cognitive
scores, each separately and all combined in 1 model. Based on
the relative size of the β coefficients from the fully adjusted
model controlling for all cognitive reserve variables, a cogni-
tive reserve composite score was created where the relative
contribution of each marker was based on its effect on cog-
nition as follows: 1 point each for participating in social
groups, being in a marital partnership, being taller than the
sex-specific median, and having moderate or higher leisure
physical activity level; and up to 4 points were assigned for
education (2 points for completing high school or trade
school and 4 points for a university degree). Education was
accorded more points than the other factors because it had a
stronger estimated effect on cognition. To test for effect

Table 1 Characteristics of the Study Population

Characteristics
% or mean
(SD) n/N

Female 55.8 6,094/
10,916

Age, y

35–49 18.2 1987/
10,916

50–59 36.1 3,941/
10,916

60–69 35.7 3,898/
10,916

70–79 9.9 1,085/
10,916

Age, y 58.1 (8.8) 10,916

Ethnic background

East/Southeast Asian 14.1 1,539/
10,916

White 80.2 8,752/
10,916

South Asian 3.7 409/
10,916

Black and others 2.0 216/
10,916

Highest education completed

None 2.1 231/
10,745

High school or less 19.8 2,124/
10,745

Trade/vocational 9.6 1,034/
10,745

College/university 68.5 7,356/
10,745

Married/common law 77.1 8,285/
10,741

Participates in social groups 63.9 6,643/
10,402

Leisure time physically active (moderate or
greater)

54.2 5,804/
10,717

Reported moderate or higher stress in past
year

32.1 3,475/
10,815

Height, cm, women 162.0 (6.8) 6,090

Height, cm, men 175.2 (7.2) 4,813

MRI brain measures

CBI 5.6 612/
10,916

Lacunar 4.0 442/
10,916

Nonlacunar 1.6 172/
10,916

≥3 CBI 0.8 84/10,916

Table 1 Characteristics of the Study Population (continued)

Characteristics
% or mean
(SD) n/N

High WMH 6.3 691/
10,916

Cognitive score measures

MoCA 26.7 (2.6) 10,916

MoCA ≥26 72.8 7,948/
10,916

DSST Score 71.5 (16.8) 10,450

Abbreviations: CBI = covert brain infarct; DSST = Digit Symbol Substitution
Test; MoCA = Montreal Cognitive Assessment; WMH = white matter
hyperintensities.
Continuous values are mean (SD).
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modification, we created models of cognition that included an
interaction term between the composite cognitive reserve score
and the presence of vascular brain injury. In these models, the
cognitive reserve composite variables were centered on the
median so that the β coefficient for vascular brain injury rep-
resents a participant with the median cognitive reserve. Par-
ticipants from China (where the social participation question
was not asked) and those withmissing data on covariates (423/
10,450 [4.0%]) were excluded from the model; characteristics
of participants with and without missing covariate data are
shown in eTable 1 in the Supplement (available from Zenodo,
doi.org/10.5281/zenodo.4919053). Several sensitivity analyses
were undertaken to verify the robustness of the results: (1)
including both lacunar and nonlacunar infarcts in the definition
of vascular brain injury, (2) removing height from the cognitive
reserve variable score, and (3) modeling education alone as the
cognitive reserve proxy. To explore the effects of cognitive
reserve onMoCA subdomains, logistic regression models were
created to estimate the association of vascular brain injury,
cognitive reserve composite score, and their interaction on the
odds of impairment, defined as losing points on any MoCA
questions within that subdomain, and adjusting also for age,
sex, and education. A p value of less than 0.05 was considered
significant; no adjustment was made for multiple hypothesis
testing. Statistical analyses were conducted using SAS v9.4
(SAS Institute).

Data Availability
Anonymized data will be shared by request from a qualified
investigator.

Standard Protocol Approvals, Registrations,
and Patient Consents
Written informed consent was obtained from the participants.
The study was approved by local institutional review boards at
each participating site.

Results
Characteristics of the Study Population
Of 11,013 CAHHM and PURE-Mind participants without a
clinical history of stroke, we excluded 59 (0.5%) with incomplete
MRI sequences and 38 (0.3%) with missing data on cognitive

function, leaving 10,916 (99.1%) for analysis (7,036 from
CAHHM and 3,880 from PURE). Of the PURE participants,
2,499 were from Canada, 814 from Poland, 466 from China, and
101 from India. Characteristics of the study population are shown
in Table 1.

Of the 10,916 total participants included in the analysis, 6,094
(55.8%) were women, mean age was 58.1 ± 8.8 years, and 68.5%
were college/university educated. The prevalence of CBI was
5.6% and high WMH 6.3%. Most (72.8%) of the participants
had a MoCA score ≥26. The mean MoCA score was 26.7 (SD
2.6) and the mean DSST score was 71.5 (SD 16.8).

Association of Vascular Brain Injury
With Cognition
After adjusting for sex, age, ethnicity, education, and study
center, the presence of high WMH and nonlacunar CBI were
associated with both lower MoCA and DSST scores (Table 2).

Association of Socio-behavioral Variables,
Height, and Physical Activity With Cognition
Of the 6 cognitive reserve variables, education had the
strongest association with cognition after adjustment for the
other 5 cognitive reserve variables (Figure 1). Of the other 5
variables, 3 (participating in social groups, being in a marital
partnership, being taller [for both sexes]) were associated
with higher MoCA, and 4 (participating in social groups,
being in a marital partnership, being taller [for both sexes],
more leisure physical activity) were associated with higher
DSST (Figure 1).

Modifying Effects of Cognitive Reserve
Variables on the Association of Vascular Brain
Injury With Cognition
Table 3 and Figure 2 show the modifying effects of the cog-
nitive reserve composite score on the relationships between
vascular brain injury and cognition. Vascular brain injury
(either nonlacunar CBI or high WMH) was independently
associated with lower scores on the MoCA (p < 0 .001) and
DSST (p < 0.0001). Higher cognitive reserve composite score
was associated with higher scores on both DSST (p < 0.0001)
andMoCA (p < 0.0001). However, the association of vascular
brain injury with MoCA was not modified by the cognitive
reserve composite score (β coefficient 0.03, 95% confidence

Table 2 Association of Brain Variables With Cognition

Variables

Difference in MoCA (95% CI) Difference in DSST (95% CI)

Unadjusted Adjusted Unadjusted Adjusted

High WMH −0.84 (−1.02, −0.65) −0.34 (−0.52, −0.15) −8.32 (−9.55, −7.08) −2.11 (−3.20, −1.02)

Nonlacunar CBI −1.01 (−1.38, −0.64) −0.49 (−0.84, −0.14) −9.45 (−11.84, −7.06) −4.22 (−6.28, −2.17)

Abbreviations: CBI = covert brain infarct; CI = confidence interval; DSST = Digit Symbol Substitution Test; MoCA = Montreal Cognitive Assessment; WMH =
white matter hyperintensities.
Adjusted for age, sex, ethnicity, education (fixed effects), and center (random effect). Nonlacunar CBIs were compared to the rest (with or without lacunar
infarcts).
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interval [CI] −0.07 to 0.13, interaction p = 0.59). Similarly,
the association between vascular brain injury and DSST was
not modified by the cognitive reserve composite score (β
coefficient 0.10, 95% CI −0.46 to 0.67, interaction p = 0.72).

Sensitivity Analyses
The associations between vascular brain injury, cognitive reserve
proxies, and cognition were essentially unchanged in sensitivity
analyses (full results available at Zenodo, doi.org/10.5281/zen-
odo.4919053) including lacunar infarcts (Supplemental eTa-
ble 2), excluding height (Supplemental eTable 3), or using
education alone as the proxy for cognitive reserve (Supplemental
eTable 4). In analyses of MoCA subdomains (Supplemental
eTable 5), the cognitive reserve composite score was associated
with all subdomains, while the vascular brain injury variable was
associated with impairments in memory, executive function,
visuospatial function, and language, but not attention or orien-
tation. There was no evidence for effect modification by cogni-
tive reserve in any of these models (Supplemental eTables 2–5).

Discussion
We examined the modifying effects of markers of cognitive
reserve on the associations between cerebrovascular brain
injury and cognition. As expected, nonlacunar infarcts and

higher WMH were associated with lower cognition. Five of
the 6 markers of cognitive reserve—high education (most
strongly), greater height, greater leisure physical activity, be-
ing in a marital partnership, and participation in social
groups—were independently associated with better cognition
(leisure physical activity was only significant for DSST). It is
possible that leisure physical activity was only associated with
DSST and not MoCA because DSST is a more sensitive and
continuous measure, resulting in greater sensitivity to detect
smaller effects on cognition. The composite cognitive reserve
score, based on these 5 significant reserve variables, was also
associated with better cognition. However, contrary to our
prespecified hypothesis, we failed to find evidence that these
cognitive reserve markers modified the effect of covert vas-
cular brain injury (defined as either nonlacunar infarcts or
high WMH) on cognition.

Of the few studies on cognitive reserve in persons with ce-
rebral small vessel disease, research has mostly focused on
education as a modifier of the relationship between WMH
and cognition.20 A prior review identified 4 studies in the
general population that found that the adverse effect of WMH
on cognition was attenuated in persons with higher
education.21-24 A more recent publication from the Leu-
koaraiosis and Disability (LADIS) study showed that the

Table 3 Modifying Effect of Cognitive Reserve Composite Score on the Association Between Vascular Brain Injury (VBI)
and Cognitive Scores

Predictors of MoCA

Without interaction between VBI and
cognitive reserve score

With interaction between VBI and cognitive
reserve score

Estimated difference in
MoCA (95% CI) p Value

Estimated difference in
MoCA (95% CI) p Value

Age (by 10 years) −0.53 (−0.58, −0.47) <0.0001 −0.53 (−0.58, −0.47) <0.0001

Female 0.50 (0.41, 0.59) <0.0001 0.50 (0.41, 0.59) <0.0001

VBI −0.37 (−0.54, −0.19) <0.0001 −0.35 (−0.53, −0.17) <0.001

Cognitive reserve composite score (per additional
point)

0.34 (0.31, 0.37) <0.0001 0.34 (0.31, 0.37) <0.0001

Interaction: VBI * cognitive reserve composite 0.03 (−0.07, 0.13) 0.59

Predictors of DSST

Without interaction between VBI and
cognitive reserve score

With interaction between VBI and cognitive
reserve score

Estimated difference in
DSST (95% CI) p Value

Estimated difference in
DSST (95% CI) p Value

Age (by 10 years) −7.53 (−7.83, −7.23) <0.0001 −7.53 (−7.83, −7.23) <0.0001

Female 6.82 (6.31, 7.33) <0.0001 6.82 (6.31, 7.33) <0.0001

VBI −2.24 (−3.24, −1.24) <0.0001 −2.19 (−3.22, −1.15) <0.0001

Cognitive reserve composite score (per additional
point)

1.83 (1.65, 2.01) <0.0001 1.82 (1.63, 2.00) <0.0001

Interaction: VBI * cognitive reserve composite 0.10 (−0.46, 0.67) 0.72

Abbreviations: CI = confidence interval; DSST = Digit Symbol Substitution Test; MoCA = Montreal Cognitive Assessment.
Models also adjusted for center (random intercepts) and ethnicity as a fixed effect. VBI defined as presence of either nonlacunar infarcts or high whitematter
hyperintensity. The cognitive reserve score consists of 1 point each for participation in social groups, being in a marital partnership, taller than sex-specific
median height, and moderate or higher physical activity; and 0, 2, 2, or 4 points for less than high school, high school, trade school, or college/university
education.
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3-year rate of cognitive decline in persons with highWMHwas
slower in persons with high education compared to low edu-
cation.3 Two studies found that the association of CBI on
cognition was attenuated in persons with higher education.25,26

There are few studies on markers other than education. In the
LADIS study, the association of WMH with 3-year rate of
cognitive decline was attenuated in persons with higher occu-
pational attainment, defined as a white collar or professional
occupation.3 Another study found that the association of high
WMH with lower cognition was attenuated by high cognitive
leisure activity such as playing board games, social activities, or
doing puzzles.27 This shows the need for datasets that evaluate
the effects of cognitive reserve variables other than education
alone.

These previous studies suggested that higher cognitive reserve
may attenuate the negative effects of cerebral small vessel
disease on cognition, but we did not observe this in our study.
The reason for the differences in study findings are not clear
but could relate to different cohort characteristics. Compared
to other studies, our cohort was younger (mean age 58
compared to >65 for the other studies), more contemporary
(recruited in 2010–2019 instead of the 1990s to early 2000s),
and more highly educated, with the majority having a college
or university education. We also examined more cognitive
reserve variables compared to other studies, providing a more
holistic approach to cognitive reserve that intends to capture a
variety of cognitive reserve markers.

Although we did not find strong evidence for effect modifi-
cation, we did find that lifestyle and social factors were in-
dependently associated with higher cognition regardless of
the presence of MRI-defined vascular brain injury. Education
is well known to be associated with higher cognition and low
education is a risk factor for dementia. Higher physical activity
has been associated with lower risk for dementia28 although
the extent to which exercise programs prevent dementia is
unclear.29 Higher social participation and avoidance of social

isolation and loneliness may protect against dementia, with
41% increased relative risk in persons with low social partic-
ipation.30 Being in a marital partnership has been associated
with better cognition and lower risk of dementia; in a recent
systematic review, being single throughout life was associated
with 40% increased risk.31 High psychological stress, in-
cluding stress in midlife, has been associated with 60% in-
creased risk for later-life dementia.32 Greater height does not
directly influence cognition but could be a proxy for healthier
early-life development, and has been associated with lower
risk for dementia in some studies.13 Higher synaptic density
and better functioning brain networks are hypothesized to
underlie the potential beneficial effects of these factors on
cognitive performance and risk for dementia.20

Study strengths include a large population-based sample. As
for limitations, although our cross-sectional design allows us
to make inferences regarding the modifying effects of cogni-
tive reserve factors on the association between covert cere-
brovascular disease and cognition, it does not allow us to
determine the temporal association between cognitive reserve
factors and change in cognition over the lifespan. Although it
is plausible that the cognitive reserve variables cause better
cognition, we cannot exclude that the direction of causation is
reversed. That is, early cognitive decline might lead to less
physical activity, less engagement in social groups, and greater
likelihood of being single. This concern for reverse causation
is somewhat mitigated as we looked at early subclinical cog-
nitive changes in persons without dementia, where even low
cognitive performers were within normal ranges. Longitudinal
follow-up of this cohort is planned, in which we can evaluate
the long-term risk of dementia according to level of education,
social activities, marital status, height, and physical activity.
There may be genetic contributors to cognitive reserve, but
they have not been analyzed in our study. Future studies
should investigate the role that physiologic factors, including
cerebrovascular reactivity, play in the development of cogni-
tive reserve.33 Another potential limitation is the use of brief

Figure 2 Association of Vascular Brain Injury With Cognition According to Levels of Cognitive Reserve

Association between composite cognitive reserve
score and cognition ([A] Montreal Cognitive Assess-
ment [MoCA] and [B] Digit Symbol Substitution Test
[DSST]) in the presence (dashed line) and absence
(solid line) of vascular brain injury, with p values for
the interaction between cognitive reserve score and
vascular brain injury. Gray bands indicate 95% con-
fidence limits. Higher cognitive reserve score was
associated with higher cognitive function and vas-
cular brain injurywas associatedwith lower cognitive
function (see Table 3 for details). However, there was
no interaction between cognitive reserve score and
vascular brain injury for either MoCA or DSST as
evidenced by the nearly parallel slopes and non-
significant tests of interaction.
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cognitive assessment tools, which consisted of a frequently
used cognitive screening tool (MoCA) and a test of pro-
cessing speed (DSST). However, these tools are well vali-
dated, have been used in other population-based studies, and
are sensitive to aging, to change over time, and to the presence
of covert vascular brain injury. To provide a straightforward
clinical interpretation, we dichotomized cut points for our
cognitive reserve variables, which could have led to some loss
of statistical power.

Our data suggest that enhancing cognitive reserve through
better early life education, physical activity, and social en-
gagement may potentially help improve cognition but is not
likely to mitigate the deleterious effects of covert cerebro-
vascular disease. Therefore, an effective dementia prevention
strategy will need to promote cognitive-enhancing social and
behavioral activities while reducing the risk of incident CBI
and WMH progression. This should include individual and
health policy interventions to improve early life education and
promote active social participation, strong family relation-
ships, and increased physical activity, as well as new strategies
to reduce progression of covert cerebrovascular disease.34
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