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IMPORTANCE Prior research suggests reduced cognitive function after transient ischemic
attack (TIA). Whether this is directly related to the TIA, a function of preexisting risk factors,
or prior cognitive decline remains unclear.

OBJECTIVE To study if a single, diffusion-weighted image–negative, adjudicated TIA is
associated with longitudinal declines in cognition, independent of preexisting risk factors.

DESIGN, SETTING, AND PARTICIPANTS This was a secondary data analysis from the Reasons
for Geographic and Racial Differences in Stroke (REGARDS) study, a population-based cohort
following up 30 239 Black andWhite participants for incident cerebrovascular events. The
setting consisted of telephone cognitive assessments. Participants were individuals with
first-time TIA, first-time stroke, and asymptomatic community control groups with
neuroimaging used for adjudication.

EXPOSURES First-time TIA and stroke.

MAIN OUTCOMES ANDMEASURES Verbal fluency andmemorymeasures administered
biannually. Primary outcomewas a composite standardized z score, with secondary
outcomes individual test performances. Adjusted segmented regressionmodels
characterized pre-event and postevent cognition and annual cognitive change.

RESULTS Included in the study were 356 individuals with first-time TIA (mean [SD] age, 66.6
[8.7]; 188 female [53%]) and 965 individuals with first-time stroke (mean [SD] age, 66.8
[8.2]; 494male [51%]). A total of 14 882 individuals (mean [SD] age, 63.2 [8.6] years; 8439
female [57%]) were included in the asymptomatic control group. Overall cognitive composite
before index event was lower in the stroke (−0.25; 95% CI, −0.32 to −0.17) than TIA (−0.05;
95% CI: −0.17 to 0.07; P = .005) and asymptomatic (0; 95% CI, −0.03 to 0.03; P < .001)
groups. After the index event, the cognitive composite of the group with stroke significantly
declined (−0.14; 95% CI, −0.21 to −0.07) compared with that of the group with TIA (0.01;
95% CI, −0.10 to 0.12; P = .02) and controls (−0.03; 95% CI, −0.05 to −0.01; P = .003). The
annual decline after the index event was faster (P = .001) in the group with TIA (−0.05; 95%
CI, −0.06 to −0.03) than that for asymptomatic controls (−0.02; 95% CI, −0.02 to −0.02)
but not different from the group with stroke (−0.04; 95% CI, −0.05 to −0.03; P = .43).

CONCLUSIONS AND RELEVANCE Results of this cohort study suggest that despite the quick
resolution of stroke symptoms in TIA, there was apparently sufficient impact to be associated
with long-term cognitive decline. Whether the underlying mechanisms are by direct or
secondary injury and/or interaction with concomitant neurodegenerative factors remains
to be elucidated.
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T ransient ischemicattack (TIA) is anacute ischemicevent
in the brain that typically resolves within 2 to 15 min-
utes,with negative diffusion-weighted imaging (DWI).

TIA typically exists on the milder end of the cerebrovascular
continuum, increasing risk for future stroke, disability, mor-
bidity, and mortality.1 Stroke increases the risk of cognitive
decline anddementia2-4; however, comparedwith stroke, the
relationship between TIA and vascular cognitive impairment
is less well understood.5

Data from the Oxford Vascular Study showed that TIA in-
creases the risk of postevent dementia over 5 years, but ap-
proximately 5%haddementia before their TIA.3 Also, cardio-
vascular risk is often elevated in people with TIA,6 and these
risk factors (ie, diabetes, hypertension, atrial fibrillation) are
associated with increased risk of dementia and cognitive
decline.7,8 Whether TIA is associated with cognitive decline
independently of risk factors remains unknown.

It is reasonable to suppose that if TIAs are associated
with long-term changes in cognition, there should be persis-
tent injury despite the absence of radiological evidence
of an ischemic lesion. We found that administration of
the γ-aminobutyric acid (GABA)–A agonist midazolam in
patients after stroke was associated with recrudescence of
former stroke symptoms.9,10 Similarly, we showed that mid-
azolam given to neurologically normal patients 24 to 72
hours after a DWI-negative TIA also experienced reemer-
gence of their TIA deficits.11 The persistent clinical effects of a
possible injury related to a first-time TIA, however, remained
to be demonstrated.

To address these questions, we probed the Reasons for
Geographic andRacialDifferences inStroke (REGARDS) study,
which is a population-based cohort of Black and White par-
ticipants recruited from the 48 contiguous US states who are
followed up for cerebrovascular events and periodically ad-
ministereda telephone-basedcognitive test battery.12-14Ama-
jor advantage of studying this cohort is thatwe could identify
a subgroupwhowere stroke and TIA free and had undergone
cognitive testing, thendetermine the long-termcognitive tra-
jectory after a first-time ischemic event.Wehypothesized that
after controlling for risk factors of cognitive decline, no base-
line difference would be observed in the groups with TIA or
stroke compared with an asymptomatic community control
group. The index event will then be associated with long-
termcognitivedecline inboth clinical groups,with thosewith
stroke having a steeper rate of decline relative to those
with TIA, and the group with TIA showing steeper cognitive
decline than the asymptomatic control group.

Methods
Between2003and2007, theREGARDSstudyenrolled30239,
English-speaking, non-HispanicBlack andWhite community-
dwelling adults, 45 years and older, living in the US. The pri-
marypurposeof theREGARDSstudy is to examinegeographi-
calandracerelationshipswithrisk factorsandstroke incidence,
prioritizing the oversampling of people living in the south-
eastern US and Black participants.12 The REGARDS studywas

restricted to only non-Hispanic Black andWhite participants
to (1) give themost precise estimates of risk in theBlackpopu-
lation, (2) provide a more homogeneous comparison group
of White participants, and (3) avoid the confounding of race
and ethnicity with geography for Asian, Hispanic, and Indig-
enous populations, who were disproportionately in a rela-
tively small subset of states at the time of the study design.
Hence, this secondary data analysis of the REGARDS study
only includes non-Hispanic Black and White participants.
A computer-assisted telephone interview (CATI) was used to
collect baselinedemographic andmedical data, and to admin-
ister the cognitive test battery. A standardized in-home ex-
amination collectedbiosamples (blood, urine), electrocardio-
gram (ECG), bloodpressure, height,weight, andmedications.
Six-month follow-upvisits are completed byCATI for surveil-
lance of potential cerebrovascular events.Medical records for
all suspected events are adjudicated by a committee of stroke
experts.13 The REGARDS study and this secondary analysis
were approved by the institutional review boards of all
participating institutions. Written informed consent was
obtained for all participants. This secondary analysis of the
REGARDS study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines.

Cognitive Assessments
Starting in2006, theREGARDSstudycognitivebatterywas first
administered. The battery includes the Consortium to Estab-
lish a Registry for Alzheimer Disease (CERAD)15 Word List
Learning as a measure of verbal learning and Word List De-
layed Recall as an index of verbal recall memory. Processing
speed and executive function were assessed by rapid word-
list generation for words beginning with the letter F and for
thenamesof animals.16The telephoneadministrationof these
auditory-verbal tests is reliable and consistent with tradi-
tional in-person assessments.17

Our primary outcome was a standardized (z score) mean
of the 4 tests (composite cognitive outcome). Secondary out-
comes were individual test performances. Before 2008, the
4 cognitive tests were not performed at the same telephone

Key Points
Question When controlling for vascular and demographic
factors, does transient ischemic attack confer an independent
risk for cognitive decline?

Findings In this longitudinal cohort study (Reasons for
Geographic and Racial Differences in Stroke [REGARDS]),
pre-event and postevent cognitive trajectories were compared
in 356 individuals with TIA, 965 individuals with stroke, and
14 882 asymptomatic controls. A single, diffusion-weighted
image–negative, adjudicated TIA was a risk factor for cognitive
decline, independent of vascular and demographic risk factors,
with an estimated annual decline similar to a single ischemic
stroke.

Meaning TIA-associated cognitive decline suggests a need
to reevaluate post-TIAmanagement and to screen regularly
for cognitive change.
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contact;however, subsequently theywereassessedat thesame
telephonecontact at a2-year interval. Becauseenrollment and
data collectionwere staggered, the times for cognitive assess-
ments are also distributed serially over time. Because our pri-
mary outcomewas themean of the 4measures,we only used
cognitive assessments beginning in 2008. In some cases, all
4 tests couldnotbeadministered, andwhen this occurred, the
mean of the available instruments was used as the outcome.
For the standardizationprocess for each test, themeanandSD
was calculated for 40 strata definedby age (10-year age strata:
45-54, 55-64, 65-74, 75-84, and ≥85 years), education (<high
school,highschoolgraduate, somecollege,and ≥collegegradu-
ate), and race (Black or White). Performance for each cogni-
tive test was standardized by subtracting the test mean from
the mean of the asymptomatic community control group
anddividing by the SDof the control group, yielding a z score.
The composite z scorewas themean of z scores of the 4 tests.
The composite score was restandardized to have a mean of
0 and SD of 1 to allow the interpretation of the mean level
differences of cognitive performance and annual change in
terms of SDs.

Participants
We excluded any participant with a known or suspected his-
tory of stroke or TIA at enrollment. Participants were fol-
lowed up for incident cerebrovascular events. Adjudicated
eventsdefined3subgroups: (1) incidentTIA, (2) incidentstroke,
and (3) those without a confirmed adjudicated TIA/stroke,
termed the asymptomatic community control group. For the
clinical groups, we further restricted incident stroke and TIA
cases to those with neuroimaging included as part of the ad-
judicationprocess.WedefinedTIAas anacute ischemic event
that resolved in less than24hours andwasDWInegative. The
timing of an index event for the groups with TIA and stroke
was defined by the date of their TIA or stroke, with the cog-
nitiveassessmentoccurringat theirnext scheduledstudyvisit,
which occurs in 2-year intervals, regardless of whether there
was a cerebrovascular event. The index event for asymptom-
atic community control participants was defined as an arbi-
trary time point during follow-up, allowing a comparison of
the differences in cognitive change at the index event and
changes in the cognitive trajectory associated with an index
stroke or TIA event to normal variation expected in the gen-
eral population. For the groupswith stroke andTIA, if thepar-
ticipanthada secondcerebrovascular event, cognitive assess-
ments after the recurrent event were censored. Finally, we
excludedparticipantswithmissing covariates and thosewith
less than 3 cognitive assessments.

Statistical Analysis
Demographic and clinical baseline data were described as
mean (SD)orproportions, as appropriate.Forprimaryandsec-
ondary cognitive outcomes, we used a segmented regression
model, an approach that estimates the regression relation-
ship between cognitive performance and time separately, be-
fore and after the index event. By setting the intercept term
of both regression lines at the time of the index event, the in-
tercept term from the regression before the index event pro-

vides an estimate of the cognitive performance immediately
before the event and the intercept term from the regression
immediately after the index event. This approach allowsus to
model (1) the overall level and rate of temporal change in cog-
nitive functioning both before and after the index event,
(2) the comparison of the change in rate of temporal decline
of cognitive performance before vs after the index event, and
(3) themagnitude of any abrupt change occurring at the time
of the index event.

Group differences inmean cognitive levels or annual rate
of cognitive change were estimated after adjustment for sex
and major cerebrovascular risk factors. Further adjustments
for age, race, and educationwere not necessary because they
were accounted for in the cognitive z score standardization
process. Adjustments were made for potential confounders
selected for a known association with both the exposure (de-
velopment of cerebrovascular disease) and outcome (cogni-
tiveperformance).Because there isagrowingappreciation that
cerebrovascular disease and cognitive decline share many of
the same risk factors,8,18-20 the primary analysis adjusted for
the well-accepted Framingham stroke risk factors of hyper-
tension, diabetes, smoking, atrial fibrillation, left ventricular
hypertrophy, and heart disease.21 These risk factors were de-
fined as follows: (1) hypertension, systolic blood pressure of
140 mmHg or greater, diastolic blood pressure of 90 mmHg
or greater, or self-reported use of antihypertensive medica-
tions; (2)diabetes, fastingglucose level of 126mg/dLorgreater
(to convert tomillimolesper liter,multiply by0.0555), or non-
fasting glucose level of 200mg/dL or greater, or self-reported
use of diabetic medications; (3) atrial fibrillation, self-report
ofphysiciandiagnosisorECGevidence, (4), left ventricularhy-
pertrophy, ECG evidence using Sokolow-Lyon criteria22;
(5) smoking, self-report; and (6) heart disease, self-reported
myocardial infarction, electrocardiogram evidence of myo-
cardial infarction, or self-reported coronary arterybypass, an-
gioplasty, or stenting. In order to assess the potential residual
confounding, secondary analysis provided in supplemental
material further adjusted for low-density lipoprotein choles-
terol, obesity, lowexercise levels, statinuse, anticoagulantuse,
and depressive symptoms. The definition and distribution of
these factors, alongwith theassessmentof thepatternsof cog-
nitive decline in the TIA, stroke, and asymptomatic control
groups, are provided in supplemental material (eMethods
and eTable in Supplement 1). All P values were 2-sided, and a
Pvalue<.05was considered statistically significant.Datawere
analyzed using SAS software, version 15.3 (SAS Institute).

Results
As seen in the CONSORT diagram (Figure 1), of the 30 239
REGARDSparticipants, 56 (<1%)were removedbecauseofdata
anomalies.Of the remaining30 183participants, follow-upwas
available for 30 169 (≥99%). Of these participants, 3256 (11%)
self-reported a physician diagnosis of stroke or TIA at base-
line, and 1 or more covariates were missing for 1909 partici-
pants (7%), whose data were excluded from analysis. Of the
remaining 25018 participants, therewas sufficient follow-up
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toestablish thepresenceorabsenceofa strokeorTIAor tohave
sufficient follow-up to declare a participant free of stroke and
TIA during follow-up in 21 867 (87%) participants. These par-
ticipants were followed up for a median (IQR) of 14.1 (9.3-
16.9) years, and on or after 2008, 3 or more cognitive assess-
mentswereavailable for 16203participants (75%).Therewere
1678assessments in356participants (mean[SD]age,66.6 [8.7];
188 female [53%]; 168 male [47%]; 104 Black race [29%]; 252
White race [71%])with incidentTIA, 4.223 assessments in965
participants (mean [SD] age, 66.8 [8.2]; 471 female [49%]; 494
male [51%]; 354 Black race [37%]; 611 White race [63%]) with
incident stroke, and 71089 assessments in 14882 asymptom-
atic community control participants (mean [SD] age, 63.2 [8.6]
years; 8439 female [57%]; 6443 male [43%]; 5415 Black race
[36%]; 9467 White race 64%]), totaling 76990. Of these, all
4 cognitive tests were available in 46615 participants (61%),
3 available in 7992 participants (10%), 2 in 19691 participants
(29%), and 1 in 2692participants (4%). Baseline demographic
andclinicalvariablesaredescribed inTable 1.Thosewithstroke
and TIAwere older, more likely to bemale, and had a heavier
risk factor burden compared with asymptomatic community
control participants.

Figure 2 shows themeanoverall cognitive composite per-
formance at baseline andat the indexevent (ie, closest assess-

mentpostevent), themagnitudeof thechange in themeancog-
nitive performance linked to the index event, and the degree
of annual cognitive change before and subsequent to the in-
dex event. Table 2 provides the numeric estimates of these
parameters.

The mean preindex event level of cognitive function for
the group with stroke (−0.25; 95% CI, −0.32 to −0.17) re-
flected lower cognitive performance than the groupwith TIA
(−0.05; 95% CI, −0.02 to 0.07; P = .005) and asymptomatic
community control participants (0; 95% CI, −0.03 to 0.03;
P < .001). The mean preindex event level of cognitive func-
tionof asymptomatic community control participants didnot
differ from that of the group with TIA.

Before the index event, the annual rate of cognitive de-
cline (ie, slope) for the group with TIA (−0.03; 95% CI, −0.05
to −0.01) and asymptomatic community control participants
(−0.02; 95% CI, −0.03 to −0.02) did not differ. In contrast,
the slopeof cognitivedecline for thegroupwith stroke (−0.04;
95% CI, −0.05 to −0.03) was more rapid compared to the
asymptomatic community control participants (P = .001).
There was no difference in preindex event rate of cognitive
decline between the groups with TIA and stroke.

At the indexevent, the groupwith stroke showed the larg-
est decline in cognition (−0.14; 95% CI, −0.21 to −0.07) com-
pared with both the group with TIA (0.01; 95% CI, −0.10 to
0.12; P = .02) and the asymptomatic community control
group (−0.03; 95% CI, −0.05 to −0.01; P = .003). The asymp-
tomatic community control group did not differ from the
group with TIA.

The postindex event annual rate of cognitive decline
(ie, slope) was steeper for the group with TIA (−0.05; 95%
CI, −0.06 to −0.03; P = .001) than for the asymptomatic com-
munity control group (−0.02; 95% CI, = −0.02 to −0.02), but
the cognitive decline slope did not differ from the group
with stroke (−0.04;95%CI, = −0.05 to−0.03;P = .43).The rate
of cognitive decline after the index event was more rapid for
participants with stroke compared with that of asymptom-
atic community control participants.

The secondary analysis showed that further covariate
adjustment for low-density lipoprotein cholesterol, obesity,
low exercise, use of statins or anticoagulants, and depression
had little impact on the pattern of cognitive change for any of
the 3 groups of participants (eResults and eFigures 1 and 2
in Supplement 1).

Secondary Cognitive Analyses
Cognitive trajectories forCERADWordListLearning,WordList
Delayed Recall, and both letter F fluency and animal fluency
are presented in Table 2 and Figure 3. The postindex event
annual rate of cognitive decline for the group with TIA was
driven largely bydeclines in immediate anddelayedauditory-
verbal recall rather than verbal fluency.

Discussion
Our data showed that an incident stroke was associated with
a large decline in cognitive performance over time, replicat-

Figure 1. Consolidated Standards of Reporting Trials Participant
Exclusion Flowchart

30 239 Participants enrolled

56 Excluded
56 Data anomalies

30 183 Participants included

14 Excluded
14 With no follow-up

3151 Excluded
3151 Insufficient follow-up time

5664 Excluded
5664 Only 2 cognitive assessments prior

to 2008

30 169 Participants included

5157 Excluded
3256 Self-reported history of stroke or TIA

at baseline
1909 Missing covariates at baseline

25 018 Participants included

21 867 Participants included

16 203 Participants enrolled

14 882 Participants
without
symptoms

965 Participants
with stroke

356 Participants
with TIA
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ing prior findings,2 but not an increase in the annual rate of
cognitivedecline. Cases of TIA thatwere adjudicatedby avas-
cular neurologist were not associated with an immediate
change incognitiveperformanceafter the indexeventbutwere
associatedwith an increase in the annual rate of decline, com-
parablewith that after a stroke.These findings suggest thatde-
spite thequick resolutionof symptomsandnoradiological evi-
dence of injury, TIA appears to be sufficient either directly or
indirectly to initiate a pathological process leading to long-
term changes in cognition.

We also found faster rates of overall cognitive decline in
people previously free of cognitive impairment who experi-
ence a first-time TIA, compared with asymptomatic commu-
nity controls. These findings appeared largely driven by im-
mediateanddelayedmemory recalldeclines rather thanverbal
fluency declines. Our findings are consistent with a system-
atic review23 showing elevated rates of clinically definedMCI
(29% to 68%) and dementia (8% to 22%) after TIA, although
it was acknowledged that none of the studies included DWI
imaging or precerebrovascular event baseline cognitive func-

Table 1. Clinical and Demographic Factors of Participants in the Reasons for Geographic and Racial Differences
in Stroke (REGARDS) StudyWhoWere Included in this Analysis by Incident Transient Ischemic Attack
(TIA)/Stroke Status During Follow-Up (N = 16 203)

Factor type

Group

ASY TIA Stroke
No. 14 882 356 965

Demographic factors

Age, mean (SD), y 63.2 (8.6) 66.6 (8.7) 66.8 (8.2)

Race, No. (%)

Black 5415 (36.4) 104 (29.2) 354 (36.7)

White 9467 (63.6) 252 (70.8) 611 (63.3)

Education, No. (%)

Less than high school 1193 (8.0) 30 (8.4) 93 (9.6)

High school graduate 3562 (23.9) 87 (24.4) 254 (26.3)

Some college 3949 (26.5) 97 (27.2) 261 (27.0)

College graduate or higher 6178 (41.5) 142 (39.9) 357 (37.0)

Cerebrovascular risk factors

Sex, No. (%)

Female 8439 (56.7) 188 (52.8) 471 (48.8)

Male 6443 (43.3) 168 (47.2) 494 (51.2)

Hypertension, No. (%) 7936 (53.3) 217 (61.0) 628 (65.1)

Diabetes, No. (%) 2470 (16.6) 73 (20.5) 249 (25.8)

Current smoking, No. (%) 1727 (11.6) 27 (7.6) 118 (12.2)

Atrial fibrillation, No. (%) 947 (6.4) 46 (12.9) 93 (9.6)

Left ventricular hypertrophy, No. (%) 1247 (8.4) 34 (9.6) 105 (10.9)

Heart disease, No. (%) 1870 (12.6) 69 (19.4) 210 (21.8) Abbreviation: ASY, asymptomatic
community control participant.

Figure 2. Overall Cognitive Composite Standardized Score Over Time for ParticipantsWhoHad
a Transient Ischemic Attack (TIA) or Stroke and Remained Event Free OverMedian Follow-Up of 14.1 Years
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Time 0 is the time of the index event,
with an arbitrary time selected for
comparison to the asymptomatic
community control group. Numeric
estimates are provided for the
following: (1) the annual rate of
decline before the index event,
(2) themagnitude of the abrupt
decline associated with the index
event, and (3) the annual rate of
decline subsequent to the index
event. All estimates are after
multivariable adjustment for sex,
hypertension, diabetes, smoking,
atrial fibrillation, left ventricular
hypertrophy, and heart disease.
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tioning.Thehighvariability indiagnosticestimatesmaybedue
toseveral factors, includingthefollowing:measurementofcog-
nition (neuropsychological assessment vs cognitive screen-
ing), time duration between TIA and the cognitive assess-
ment (days to years), and whether people with cognitive
impairment at baseline were excluded. Over the course of
5 years after TIA, there is epidemiological evidence of in-
creased risk of developing dementia.3 After TIA, there is re-

ducedwhitematter integrity24 andsubcortical graymattervol-
ume loss,25butwithoutpre-TIAscans, it isdifficult toascertain
whether cerebrovascular disease observed on imaging pre-
dates the event.

The lowerbaseline level and themore rapiddecline in cog-
nitive performance in the group with stroke could be related
to greater prestroke cerebrovascular disease burden (ie, leu-
koaraiosis, chronic subclinical ischemic lesions, or cortical and

Table 2. RegressionModels for Overall Cognitive Composite Individual Cognitive Test Outcomeswith 95%CIsa

Outcome Parameter ASY TIA Stroke P value for contrasts

Overall Mean preindex event cognition
level

0 (−0.03 to 0.03) −0.05 (−0.02 to −0.07) −0.25 (−0.32 to −0.17) ASY vs TIA: .46
ASY vs stroke: <.001
TIA vs stroke: .005

Pre- vs postdifference in mean
cognition level

−0.03 (−0.05 to −0.01) 0.01 (−0.10 to 0.12) −0.14 (−0.21 to −0.07) ASY vs TIA: .46
ASY vs stroke: .003
TIA vs stroke: .02

Annual cognitive change before
index event

−0.02 (−0.03 to −0.02) −0.03 (−0.05 to −0.01) −0.04 (−0.05 to −0.03) ASY vs TIA: .51
ASY vs stroke: .001
TIA vs stroke: .17

Annual cognitive change after
index event

−0.02 (−0.02 to −0.02) −0.05 (−0.06 to −0.03) −0.04 (−0.05 to −0.03) ASY vs TIA: .001
ASY vs stroke: .001
TIA vs stroke: .43

Pre- vs postannual cognitive
change

0 (0) −0.02 (−0.04 to 0) 0 (−0.01 to 0.02) ASY vs TIA: .12
ASY vs stroke: .62
TIA vs stroke: .11

Letter fluency Mean preindex event cognition
level

−0.01 (−0.05 to 0.02) 0 (−0.12 to 0.13) −0.15 (−0.23 to −0.07) ASY vs TIA: .79
ASY vs stroke: .001
TIA vs stroke: .04

Pre- vs postdifference in mean
cognition level

0 (−0.01 to 0.03) 0.03 (−0.08 to 0.15) −0.09 (−0.16 to −0.01) ASY vs TIA: .67
ASY vs stroke: .02
TIA vs stroke: .09

Annual cognitive change before
index event

−0.02 (−0.02 to −0.01) −0.02 (−0.04 to 0) −0.02 (−0.04 to −0.01) ASY vs TIA: .97
ASY vs stroke: .57
TIA vs stroke: .72

Annual cognitive change after
index event

−0.01 (−0.01 to −0.01) −0.02 (−0.03 to 0) −0.02 (−0.03 to 0) ASY vs TIA: .40
ASY vs stroke: .45
TIA vs stroke: .81

Pre- vs postannual cognitive
change

0 (0 to 0.01) 0 (−0.02 to 0.03) 0.01 (−0.01 to 0.02) ASY vs TIA: .57
ASY vs stroke: .95
TIA vs stroke: .66

Animal fluency Mean preindex event cognition
level

0.08 (0.05 to 0.12) 0.02 (−0.10 to 0.14) −0.13 (−0.21 to −0.05) ASY vs TIA: .35
ASY vs stroke: <.001
TIA vs stroke: .04

Pre- vs postdifference in mean
cognition level

−0.01 (−0.03 to 0.01) 0.03 (−0.08 to 0.15) −0.14 (−0.21 to −0.06) ASY vs TIA: .46
ASY vs stroke: .001
TIA vs stroke: .01

Annual cognitive change before
index event

−0.04 (−0.05 to −0.04) −0.06 (−0.07 to −0.04) −0.06 (−0.08 to −0.05) ASY vs TIA: .17
ASY vs stroke: .001
TIA vs stroke: .53

Annual cognitive change after
index event

−0.04 (−0.04 to −0.04) −0.05 (−0.06 to −0.03) −0.05 (−0.06 to −0.04) ASY vs TIA: .12
ASY vs stroke: .06
TIA vs stroke: .84

Pre- vs postannual cognitive
change

0 (0 to 0.01) 0.01 (−0.02 to 0.03) 0.02 (0 to 0.03) ASY vs TIA: .91
ASY vs stroke: .22
TIA vs stroke: .54

Word list learning Mean preindex event cognition
level

−0.08 (−0.12 to −0.05) −0.13 (−0.26 to 0) −0.32 (−0.40 to −0.23) ASY vs TIA: .49
ASY vs stroke: <.001
TIA vs stroke: .02

Pre- vs postdifference in mean
cognition level

−0.05 (−0.08 to −0.03) 0.07 (−0.06 to 0.20) −0.15 (−0.24 to −0.07) ASY vs TIA: .07
ASY vs stroke: .02
TIA vs stroke: .005

Annual cognitive change before
index event

0.01 (0 to 0.01) 0 (−0.03 to 0.02) −0.01 (−0.03 to 0) ASY vs TIA: .46
ASY vs stroke: .01
TIA vs stroke: .42

Annual cognitive change after
index event

0 (−0.01 to 0) −0.04 (−0.06 to −0.03) −0.01 (−0.02 to 0) ASY vs TIA: <.001
ASY vs stroke: .14
TIA vs stroke: .002

Pre- vs postannual cognitive
change

−0.01 (−0.01 to 0) −0.04 (−0.07 to −0.01) 0 (−0.02 to 0.02) ASY vs TIA: .02
ASY vs stroke: .28
TIA vs stroke: .009

(continued)
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subcortical atrophy).26 That those participants experiencing
a TIA were similar to the asymptomatic population before
the index event suggests a smaller cerebrovascular burden.
Unfortunately, we do not have pre-event neuroimaging to
confirm this assertion.

As expected, the groupwith stroke had the largest cogni-
tivedecline immediatelyafter their indexevent,whereas there
wasnoacutepost-TIAcognitivechange.Unlike thegroupswith
TIA and stroke, theparticipants in the asymptomatic commu-
nity control groupwere not linked to a specific clinical event.
We note that the estimated abrupt change in the asymptom-
atic control group at the randomly selected time proved to be
statistically significant. As there is no reason for a difference
at this point in the asymptomatic group, and the change is
quite small (−0.03), we feel that this jump is likely a spurious
finding arising among the large number of estimates in our
model.Thepreindexandpostindexeventslopes for theasymp-
tomatic community control group did not differ, reflecting a
similar rate of annual change.

Because TIA is an ischemic event, one possible mecha-
nism of TIA-related cognitive decline is the relationship with
vascular risk factors. In our study, we controlled for vascular
risk factors, indicating that the observed cognitive effects
were independently related to the TIA. Nevertheless, we ac-
knowledge that there may have been concurrent underlying
pathology, such as cerebral amyloid angiopathy ormarkers of
neurodegeneration. That all participants had comparable tra-
jectories at least 5 years before the occurrence of their index
event suggests that in the instances of concurrent but asymp-
tomatic disease, a TIAwas sufficient to initiate the cascade of
decline. Previous research has shown that severe small ves-
sel disease (>3 lacunar infarcts and confluent white matter
changes) contributes toadelayedonsetofdementiapost-TIA.27

Additionally, homozygous apolipoproteinEε4genotypeposi-
tivity has been associatedwith increased risk of dementia af-
ter TIA.4 Elevated cardiovascular risk is associated with hy-
perphosphorylated tau and β-amyloid pathology.28 In people
with elevated β amyloid who have a TIA or stroke, a faster
rate of decline is observed when compared with participants

who are negative for β amyloid.29 It is possible that TIA may
be a useful model for studying the vascular contributions to
Alzheimer disease.

GABAergicdisruptionafterTIA is anotherpossiblemecha-
nism.The administrationofmidazolamhas resulted in the re-
crudescence of stroke and TIA symptoms,10,11 with this effect
specific to GABAergic properties and not sedation.9 In pa-
tientswithTIA, there is preliminarymagnetic resonance spec-
troscopy evidence of lower GABA levels in the symptomatic
hemisphere.30Usingsingle-andpaired-pulse transcranialmag-
netic stimulation andmotor evoked potentials in individuals
with TIA, there is reduced intracortical inhibition in the af-
fected hemisphere,31 with this electrophysiological marker
reflecting GABAergic processes.

Bloodbrainbarrier (BBB)disruptionoccurs after an ische-
mic event,32 and neuroinflammation occurs within the con-
text of biological repair.33 BBB dysfunction affects the trans-
portationof cytokinesand immunecells, resulting incognitive
impairment. In a diabetic rat model, BBB disruption is at
least in part related to the increased inflammatory cytokines
(tumor necrosis factor α and interleukin-6 messenger RNA
expression).34 Strokedamagesendothelial cells, increasing the
proliferationof free radicals and cytokines,withmicroglia ac-
tivated in the acute stage of recovery.32 Similarly, there is evi-
denceofBBBbreakdown inhumansafterTIAandminor acute
ischemic stroke35 but because these 2 groupswere pooled to-
gether, it remains unknown if a TIA, per se, is capable of pro-
ducing such an inflammatory response.

It has been traditionally believed that cerebrovascular
disease largely affects frontal, executive function, resulting in
definitionsofvascular cognitive impairment thatminimize the
impact on memory.36 More recent studies, however, suggest
that episodic memory is more commonly affected than pre-
viously thought, in part because of more in-depth cognitive
assessments and correlative findings on imaging made pos-
sible byadvancements in themappingofnetworks37 andposi-
tron emission tomography scanningwith ligands sensitive to
microglial activationasamarker forneuroinflammation.There
is also a new appreciation of how vascular risk factors in-

Table 2. RegressionModels for Overall Cognitive Composite Individual Cognitive Test Outcomeswith 95%CIsa (continued)

Outcome Parameter ASY TIA Stroke P value for contrasts

Word list recall Mean preindex event cognition
level

−0.08 (−0.11 to −0.04) −0.12 (−0.26 to 0.01) −0.31 (−0.39 to −0.22) ASY vs TIA: .49
ASY vs stroke: <.001
TIA vs stroke: .02

Pre- vs postdifference in mean
cognition level

−0.04 (−0.06 to −0.02) 0.05 (−0.09 to 0.18) −0.07 (−0.16 to 0.02) ASY vs TIA: .23
ASY vs stroke: .46
TIA vs stroke: .15

Annual cognitive change before
index event

0 (−0.01 to 0) −0.01 (−0.03 to 0.01) −0.02 (−0.04 to −0.01) ASY vs TIA: .48
ASY vs stroke: .02
TIA vs stroke: .46

Annual cognitive change after
index event

−0.01 (−0.01 to −0.01) −0.06 (−0.08 to −0.04) −0.02 (−0.03 to −0.01) ASY vs TIA: <.001
ASY vs stroke: .09
TIA vs stroke: .001

Pre- vs postannual cognitive
change

−0.01 (−0.02 to 0) −0.05 (−0.08 to −0.02) 0 (−0.02 to 0.02) ASY vs TIA: .01
ASY vs stroke: .45
TIA vs stroke: .009

Abbreviations: ASY, asymptomatic community control participant;
TIA, transient ischemic attack.
a Adjusted for age, race, and education in the standardization process.

Differences between groups were further adjusted for sex andmajor
cerebrovascular risk factors of hypertension, diabetes, current smoking,
atrial fibrillation, left ventricular hypertrophy, and heart disease.
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Figure 3. Individual Standardized Test Performance Over Time for ParticipantsWhoHad a Transient Ischemic
Attack (TIA) or Stroke and Remained Event Free OverMedian Follow-Up of 14.1 Years
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decline associated with the index
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decline subsequent to the index
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hypertension, diabetes, smoking,
atrial fibrillation, left ventricular
hypertrophy, and heart disease.
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crease the brain’s vulnerability to the deleterious effects of
β amyloid.38

Strengths and Limitations
A significant strength of our analysis is the presence of pre-
event baseline cognitive data, missing from most other TIA
studies. Similarly, participants arewell characterized at base-
line and with greater than 15 years of longitudinal data. Fi-
nally, all TIA cases were DWI negative, and all TIA and stroke
cases were adjudicated by vascular neurologists.

This studyalsohas some limitations,which includea tele-
phone cognitive test battery that was somewhat limited in
scope. Although the approach used by the REGARDS study
has been demonstrated to be sensitive and have predictive
validity,14 the approach precludes administration of cogni-
tive tests with a visual-spatial or motor component. Thus, it
is possible that unmeasured cognitive domains could also be
affected or remain unaffected by a TIA. Nevertheless, our ap-
proach was sufficiently sensitive to detect cognitive decline
afterTIA.Another limitationof theREGARDSdataset is theab-
senceofNational Institutes ofHealth Stroke Scale scores, pre-
cludingmeasurementof stroke severity, although these stroke
caseswere likely to bemild because participants are commu-
nity-dwelling individuals who were able to complete cogni-
tive testing remotely and continued in follow-up after the
stroke event. This limitation, however, does not pertain to
the TIA events. A differential pattern of temporal changes in
cognition between the participants with TIA and stroke and
asymptomatic participants could be attributable to potential
confounding factors. We attempted to mitigate this possibil-
ity byadjusting for theFraminghamstroke risk factors that are
well known to be related to both the development of cerebro-
vascular disease and cognitive decline and attempted to ad-
dress the potential for residual confounding by adjusting for
6 additional factors in the supplemental analysis. Although
there is always thepossibility for additional residual confound-
ing from other factors or from our approach for quantifica-
tion of the factors we considered, we believe the magnitude
of this additional confounding is likely small. Because the
REGARDS study examinations are performed in the partici-
pants’ home, there was no opportunity to assess carotid ste-

nosisbyultrasoundorothermethods.TheREGARDSstudyhas
ameasureofprevalentheart failure;however,heart failuregen-
erally does not present with an acute event to define a preva-
lent condition and heart failure can have an extended latent
period, limiting our confidence in the measure of prevalent
heart failure. This variablewas, therefore, not included in the
statisticalmodels.At thispoint,wecannotdeterminewhether
the association with memory, which was not seen in verbal
fluency,was the result of an interactionwith neurodegenera-
tive factors or that the pathological impact of a TIA is not suf-
ficient to affect verbal fluency. We did not present sex differ-
encesherebecausethe lossofpower in theTIAgroupprecluded
ameaningful comparison. Furthermore,wedidnot adjust for
sex during the standardization of neuropsychological scores
but controlled for it as a covariate.Wenevertheless agreewith
the importance of sex differences and acknowledged this
weakness in our study. Finally, there is always the possibility
that someasymptomaticcommunitycontrolparticipantscould
havehadaTIAormild ischemic strokebutnever soughtmedi-
cal attention.However, if thisoccurred, itwas likelya rareevent
that did not exert a bias on the group-level cognitive perfor-
mance of the asymptomatic community control group be-
cause the preindex and postindex event slopes were not sta-
tistically different.

Conclusions
In this cohort study, results suggest that the rate of cognitive
decline after a first-time, DWI-negative TIAwas similar to the
rate of decline observed in individuals after a first-time ische-
mic stroke. This pattern of overall cognitive decline was pri-
marily due to immediate and delayed memory declines. Our
findings suggest that TIA was an independent risk factor for
cognitive decline, suggesting more aggressive treatment to
minimize cognitive risk. Cognitive decline after TIA is likely
multifactorial in origin and may involve the interaction with
vascular risk factors, thepresenceofpreexistingβamyloidand
hyperphosphorylated tau deposition, post-TIA disruption of
the GABAergic system, BBB permeability, and increased neu-
roinflammation, among other pathophysiological processes.
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