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IMPORTANCE Cognitive decline is a major cause of disability in stroke survivors. The

magnitude of survivors’ cognitive changes after stroke is uncertain.
OBJECTIVE To measure changes in cognitive function among survivors of incident stroke,
controlling for their prestroke cognitive trajectories.
DESIGN, SETTING, AND PARTICIPANTS Prospective study of 23 572 participants 45 years or

older without baseline cognitive impairment from the Reasons for Geographic and Racial
Differences in Stroke (REGARDS) cohort, residing in the continental United States, enrolled
2003-2007 and followed up through March 31, 2013. Over a median follow-up of 6.1 years
(interquartile range, 5.0-7.1 years), 515 participants survived expert-adjudicated incident
stroke and 23 057 remained stroke free.
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EXPOSURE Time-dependent incident stroke.
MAIN OUTCOMES AND MEASURES The primary outcome was change in global cognition
(Six-Item Screener [SIS], range, 0-6). Secondary outcomes were change in new learning
(Consortium to Establish a Registry for Alzheimer Disease Word-List Learning; range, 0-30),
verbal memory (Word-List Delayed Recall; range, 0-10), and executive function (Animal
Fluency Test; range, ⱖ0), and cognitive impairment (SIS score <5 [impaired] vs ⱖ5
[unimpaired]). For all tests, higher scores indicate better performance.
RESULTS Stroke was associated with acute decline in global cognition (0.10 points [95% CI,
0.04 to 0.17]), new learning (1.80 points [95% CI, 0.73 to 2.86]), and verbal memory (0.60
points [95% CI, 0.13 to 1.07]). Participants with stroke, compared with those without stroke,
demonstrated faster declines in global cognition (0.06 points per year faster [95% CI, 0.03 to
0.08]) and executive function (0.63 points per year faster [95% CI, 0.12 to 1.15]), but not in
new learning and verbal memory, compared with prestroke slopes. Among survivors, the
difference in risk of cognitive impairment acutely after stroke, compared with immediately
before stroke, was not statistically significant (odds ratio, 1.32 [95% CI, 0.95 to 1.83]; P = .10);
however, there was a significantly faster poststroke rate of incident cognitive impairment
compared with the prestroke rate (odds ratio, 1.23 per year [95% CI, 1.10 to 1.38]; P < .001).
For a 70-year-old black woman with average values for all covariates at baseline, stroke at
year 3 was associated with greater incident cognitive impairment: absolute difference of
4.0% (95% CI, −1.2% to 9.2%) at year 3 and 12.4% (95% CI, 7.7% to 17.1%) at year 6.
CONCLUSIONS AND RELEVANCE Incident stroke was associated with an acute decline in
cognitive function and also accelerated and persistent cognitive decline over 6 years.
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ach year, 795 000 US residents experience a stroke.1 In
2010, almost 7 million adults were stroke survivors.1
Over the last 2 decades, age-standardized years lived
with disability rates increased by 40% for stroke—the only major disease to show a significant increase in this important disability measure.2 Disability due to stroke is a major driver of
health burden and costs for families, health care systems, and
public programs such as Medicare and Medicaid.2 Cognitive
impairment after stroke is a major contributor to this
disability,3,4 and its prevalence has increased sharply in older
adults.5,6 Despite its enormous social and economic burden,
poststroke cognitive impairment has been called a “neglected consequence of stroke.”7
Although stroke is associated with acute cognitive decline,3
it is unclear whether stroke survivors acquire a faster rate of
cognitive decline over the years following the event (ie, slope)
compared with the prestroke rate of cognitive decline,
after accounting for the acute cognitive decline at the time of
the event.8 While cognitive decline over the years before stroke
is common 9 and is associated with poststroke cognitive
decline, 10 most studies of stroke cannot measure actual
changes in the rate of cognitive decline associated with stroke
because they lack measures of patients’ prestroke cognitive
changes or use proxy-reported measures.10-14 Moreover, most
studies of stroke have not measured both the acute decline in
cognitive function at the time of the stroke and the change in
the rate of cognitive decline over the years after stroke
simultaneously.15 One study9 suggests that stroke causes an
acute decline in cognitive function at the time of the event but
does not cause faster cognitive decline over the years following the event.
We hypothesized that stroke causes an acute decline in cognitive function at the time of the event and also faster cognitive decline during the years following the event.

Methods
Study Design, Participants, and Measurements
The Reasons for Geographic and Racial Differencs in Stroke
(REGARDS) study is a prospective cohort study of 30 239 nonHispanic black and white individuals examining regional and
racial influences on stroke mortality.16 Details are described
elsewhere.16 Briefly, participants were enrolled between 2003
and 2007 using commercially available lists and a combination of mail and telephone contacts to recruit Englishspeaking, community-dwelling adults 45 years or older who
were living in the continental United States. Race and sex were
balanced by design, with oversampling of the Southeastern
United States. Race was self-reported. Baseline data collection included computer-assisted telephone interviews gathering demographic information, medical history, and health
status. In-home examinations by trained health care professionals following standardized, quality-controlled protocols
collected blood and urine samples, electrocardiograms, blood
pressure, height and weight measurements, and medication
use by pill bottle review. Blood and urine samples were centrally analyzed at the University of Vermont.
42

Participants or their proxies were followed up every 6
months by telephone with retrieval of medical records for reported hospitalizations. For this study, we followed up participants through March 31, 2013. To control for prestroke cognition, we required all participants to have a baseline
measurement of each outcome. We excluded participants with
baseline cognitive impairment, defined as a Six-Item Screener
(SIS) score less than 5. This cut point is a valid measure of cognitive impairment in community-dwelling black and white
adults.17 We required that participants with incident stroke
have 1 or more cognitive measurement after stroke.
The study was approved by the institutional review boards
of all participating institutions, and all participants provided
written informed consent.

Cognitive Function Assessments
REGARDS technicians who underwent formal training and certification administered cognitive function tests longitudinally by telephone including: the SIS beginning in 2003 and
measured annually and a battery of 3 cognitive tests measured biannually starting in 2006 that included the Consortium to Establish a Registry for Alzheimer Disease (CERAD)
Word List Learning (WLL), Word List Delayed Recall (WLD), and
Animal Fluency Test (AFT).18,19 Research demonstrates that
global cognition, word list, and verbal fluency can be measured reliably and precisely over the telephone in middleaged and older adults, with scores virtually identical to those
obtained in person.20-22 These cognitive measures are consistent with the Vascular Cognitive Impairment Harmonization
Standards23 and have been validated for black and white
individuals.17,24,25
The SIS assesses global cognitive function and can detect
cognitive dysfunction in older patients experiencing acute
medical illness.26 The SIS consists of 3-item recall and 3-item
temporal orientation (score range, 0-6).17 The CERAD WLL measures new learning (score range, 0-30) and the WLD measures
verbal memory (score range, 0-10). The AFT assesses executive function (complex cognitive processing used in problemsolving or complex action sequences), with scores representing number of animals generated in 1 minute. For all cognitive
tests, higher scores indicate better performance. Cognitive data
were provided only by self-respondents.

Measurement of Incident Stroke
Incident strokes were adjudicated by a team of experts who
used published guidelines and reviewed medical records.27,28
Stroke events were defined as “rapidly developing clinical signs
of focal, at times global, disturbance of cerebral function, lasting more than 24 hours or leading to death with no apparent
cause other than that of vascular origin” (World Health
Organization).27,29 Events not meeting this definition but characterized by symptoms lasting less than 24 hours and with neuroimaging consistent with acute ischemia or hemorrhage were
classified as “clinical strokes.” For fatal strokes, the medical history, hospital records, interviews with next of kin or proxies,
and death certificate or National Death Index data were reviewed to adjudicate the cause of death.30 Strokes were further classified as ischemic or hemorrhagic. Cases were as-
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signed to 2 physician adjudicators and disagreements were
resolved by full committee review. To maintain high interrater reliability, an adjudicator underwent retraining if disagreement with other adjudicators was greater than 20% in ongoing review.27

Covariates
Covariates were factors that could influence stroke and cognition and were measured at baseline. Demographics were age,
sex, race, education, marital status, income, urban/rural residence, and region of residence. Vascular risk factors were systolic blood pressure, diabetes status, hyperlipidemia, atrial fibrillation, waist circumference, body mass index, alcohol
intake, cigarette smoking, and physical activity. Clinical risk
factors were baseline cognitive score for each cognitive outcome, glomerular filtration rate,31 history of stroke, history of
myocardial infarction, self-reported health status, and depression symptoms.32

Statistical Analysis
The primary outcome was global cognition measured by the
SIS; secondary outcomes were new learning as measured by
the WLL, verbal memory as measured by the WLD, and executive function as measured by the AFT. Each outcome measure was treated as a continuous variable. Continuous variables may better detect average intraindividual change and
heterogeneity in intraindividual change in cognitive function.33
An additional secondary outcome was cognitive impairment
as measured by SIS score (<5 [impaired] vs ≥5 [unimpaired])17
and allowing a participant’s status of cognitive impairment to
vary over time. Incident stroke was treated as a timedependent covariate that affects a participant’s cognitive test
performance in all years after the stroke.15 The eFigure in the
Supplement shows the conceptual model.
Descriptive characteristics were compared between participants who did and did not have an incident stroke during
follow-up using 2-sample t test with equal variance or χ2 tests
as appropriate. The association of baseline covariates with cognitive function was assessed using linear mixed-effects models that adjusted for baseline cognitive score and years since
baseline.
We fit linear mixed-effects models to measure changes in
cognitive function over time after adjusting for participant factors including baseline cognitive score. The models included
random effects for intercept and slope to accommodate correlation of cognitive measures within participants over time
and to allow participant-specific rates of cognitive change.34,35
We analyzed each dependent variable separately. Cognition was
censored at the time of second incident stroke, death, loss to
follow-up, or the end of follow-up. Time was expressed as the
years from the date of the first measurement of the cognitive
outcome. Generalized linear mixed-effects models for a binary outcome were used for estimating the odds of incident
cognitive impairment (SIS score <5).
Model A included a time-varying incident stroke variable
to estimate the effect of incident stroke on the acute decline
in cognitive function at the time of the event (the value changes
from 0 to 1 on the date of the incident stroke) because stroke
jama.com
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is associated with an acute decline in cognitive function. The
acute decline in cognitive function at the time of stroke was
estimated based on the fitted model, which included the first
set of routinely administered cognitive function tests after a
stroke event as well as all other cognitive function tests administered before and after stroke.9,36 For this study, the first
cognitive assessment after stroke is considered the acute component or early/mid-stage recovery.
Model B included the variables from Model A and added
a time after stroke covariate to estimate the effect of incident
stroke on the decline in cognitive function over the years following the event. This variable indicates the rate of change in
cognitive function (slope) after incident stroke. Models included demographics, vascular risk factors, and clinical factors. Age, sex, race, education, region, and baseline cognitive
score were retained in all models regardless of statistical significance. Other variables that did not reach statistical significance (defined as P < .05) were removed from the final models; these were marital status, urban/rural residence,
hyperlipidemia, atrial fibrillation, body mass index, physical
activity, and diastolic blood pressure.
After selecting the final, parsimonious model, we calculated participant-specific (conditional) predicted values for
each cognitive score and participant-specific predicted probabilities of incident cognitive impairment (SIS score <5) over
time for a 70-year-old black woman with the average values
of all covariates at baseline (high school education, stroke
belt residence, income <$20 000, never smoker, no alcohol
use, systolic blood pressure 135 mm Hg, diabetes present,
waist circumference 95 cm, no self-reported stroke, 4-item
Center for Epidemiologic Studies Depression Scale score of
0.9 points, fair health status, and SIS score of 5 points) conditional on her experiencing or not experiencing an incident
stroke midway through the follow-up period (at year 3). For
our exemplar individual, we chose covariate values that
were representative for the stroke belt population because it
had a higher risk of cognitive decline relative to the remaining population. Random effects for this prediction were set
to zero.
We included participants who self-reported a baseline history of stroke in the main analysis to allow comparison with a
study15 that included adults with a self-reported history of physician-diagnosed stroke at baseline. We repeated analyses excluding participants who reported a stroke history at baseline
and using multiple imputation for missing baseline values of
covariates (eMethods in the Supplement).37
Statistical significance for all analyses was set as P < .05
(2-sided). All analyses were performed using Stata version 13.1
(StataCorp).

Results
After excluding the 2639 individuals with baseline cognitive
impairment, the 2072 with insufficient information on the
primary outcome, the 1887 with missing covariate data, and
the 69 with incident stroke before baseline outcome measurement, the study sample included 23 572 participants, 515
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Figure 1. Participant Cohort, REGARDS Study, 2003-2013

Table 1. Baseline Characteristics Between Participants Who Did and Did Not
Have an Incident Stroke During Follow-up: REGARDS Study, 2003-2013

30 239 REGARDS participants with
completed in-home visits
4780 Excluded
628 No baseline SIS data
69 Incident stroke
before first SIS
2639 Baseline cognitive
impairment (SIS <5)
1444 No follow-up SIS
25 459 Eligible for analysis
1887 Excluded (missing data
on covariatesa)

Characteristic
Sociodemographics
Age, mean (SD), y
Women
Black race

Stroke, No. (%)
No Incident
(n = 23 057)
64.2 (9.2)

Incident
(n = 515)
68.3 (8.4)

P Value
<.001

12 902 (56)

261 (51)

.02

8731 (38)

209 (41)

.21

Education
<High school

2386 (10)

62 (12)

High school graduate

5836 (25)

155 (30)

Some college

6268 (27)

138 (27)

≥College graduate

8567 (37)

160 (31)

10 202 (44)

238 (46)

.01

Regiona
23 572 Included in analysis
23 057 With no incident stroke
515 With incident stroke

REGARDS indicates Reasons for Geographic and Racial Differences in Stroke;
SIS, Six-Item Screener test of global cognitive function.
a

Categories for missing data for covariates are not mutually exclusive. Missing
data for covariates included diabetes (n = 909), alcohol use (n = 459), 4-item
Center for Epidemiologic Studies Depression Scale (n = 191), waist
circumference (n = 184), smoking (n = 98), baseline history of self-reported
stroke (n = 80), blood pressure (n = 74), health status (n = 43), and education
(n = 15).

of whom experienced incident stroke (470 ischemic, 43
hemorrhagic, and 2 of undeterminable type) over a median
follow-up of 6.1 years (interquartile range, 5.0-7.1 years)
(Figure 1). There were 306 strokes in 14 632 white participants (2.1%) and 209 strokes in 8940 black participants
(2.3%) (absolute difference, 0.2% [95% CI, 0.1% to 0.6%];
P = .2). Stroke incidence was stable over the duration of
follow-up (eTable 1 in the Supplement). Excluded participants were more likely than included participants to be
older, black, less educated, and current smokers and nondrinkers; excluded participants also were more likely to have
lower incomes; diabetes; a history of stroke at baseline; fair
or poor health status; higher baseline values of systolic
blood pressure, waist circumference, and depressive symptoms; and lower baseline cognitive scores.
Table 1 presents baseline characteristics of study participants. Compared with participants who did not experience an
incident stroke, those who did were more likely to be older,
men, and current smokers and to have diabetes, less education, lower income, and worse health status. Adults who had
incident stroke had higher baseline values of systolic blood
pressure, waist circumference, and depressive symptom scores
and more frequently reported a history of stroke at baseline
than those who did not. Baseline prestroke SIS scores were
slightly lower among those with than without incident stroke
(5.7 vs 5.8 points; absolute difference, 0.04 points [95% CI,
0.002 to 0.08]; P = .04).
There were 61 deaths among the 515 individuals with
incident stroke (11.8%) and 1812 deaths among the 23 056
without incident stroke (7.9%) (absolute difference, 4.0%
[95% CI, 1.6% to 6.3%]; P = .001). Participants had undergone
44

Nonbelt
Stroke buckle

4918 (21)

98 (19)

Stroke belt

7937 (34)

179 (35)

Urban/rural residence
Mixed

2349 (10)

58 (11)

Rural

2360 (10)

47 (9)

Urban

16 154 (70)

359 (70)

2194 (10)

51 (10)

<20 000

3659 (16)

105 (20)

20 000-34 999

5441 (24)

147 (29)

35 000-74 999

7243 (31)

152 (30)

≥75 000

4043 (18)

47 (9)

Missing

.70

Income, $

Refused to report/missing
Married

2671 (12)

64 (12)

14 067 (61)

281 (55)

<.001

.003

Vascular Risk Factors
Cigarette smoking
Never

10 660 (46)

220 (43)

Past

9229 (40)

203 (39)

Current

3168 (14)

92 (18)

14 090 (61)

339 (66)

8019 (35)

158 (31)

948 (4)

18 (4)

None

8474 (37)

186 (37)

1-3 d/wk

6781 (30)

139 (28)

≥4 d/wk

7509 (33)

181 (36)

.02

Alcohol useb
None
Moderate
Heavy

.09

Physical activity

Blood pressure, mm Hg,
mean (SD)
Systolic
Diastolic
Diabetes
Waist circumference,
mean (SD), cm
Body mass indexc
<18.5

126.9 (16.3) 133.3 (17.9)
76.4 (9.6)
4658 (20)
95.9 (15.3)

77.0 (9.9)
160 (31)
97.5 (13.5)

204 (1)

3 (1)

18.5-24.9

5419 (24)

116 (23)

25-29.9

8509 (37)

214 (42)

≥30

.40

<.001
.18
<.001
.02

.18

8828 (38)

181 (35)

Hyperlipidemia

13 297 (59)

339 (67)

<.001

Atrial fibrillation

1835 (8)

61 (12)

.001
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Table 1. Baseline Characteristics Between Participants Who Did and Did Not
Have an Incident Stroke During Follow-up: REGARDS Study, 2003-2013
(continued)
Stroke, No. (%)
No Incident
(n = 23 057)

stroke. eTable 3 in the Supplement presents the scores for
each cognitive test at the end of follow-up by incident
stroke status.

Change in Global Cognition After Stroke

Incident
(n = 515)

P Value

76 (15)

<.001

c

Calculated as weight in kilograms divided by height in meters squared.

Incident stroke was associated with a significant decline in
global cognition acutely after stroke and also faster decline
in global cognition over the years following the event.
Table 2 and Figure 2 show that there was a slight increase in
global cognition over time before stroke. Stroke survivors
experienced an acute decline in global cognition after stroke
(adjusted decline in SIS score, 0.10 points [95% CI, 0.04 to
0.17]; P = .001). In the years following stroke, global cognition declined significantly faster than it did before the
stroke (decrease in slope after incident stroke, 0.06 points
per year [95% CI, 0.03 to 0.08]; P < .001), resulting in a net
negative slope after stroke (prestroke slope: 0.021; poststroke slope: −0.035). eTable 4 in the Supplement presents
the unadjusted model.
We also assessed SIS as a binary outcome. Among survivors, the difference in risk of cognitive impairment acutely
after stroke, compared with immediately before stroke, was
not statistically significant (odds ratio, 1.32 [95% CI, 0.95 to
1.83]); however, there was a significantly faster rate of incident cognitive impairment after stroke compared with the
prestroke rate (odds ratio, 1.23 per year [95% CI, 1.10 to
1.38]). For the exemplar individual, a 70-year-old black
woman with average values of all covariates at baseline,
stroke at year 3 was associated with a greater predicted
probability of incident cognitive impairment compared with
no stroke at year 3 (19.8% vs 15.7%; absolute difference,
4.0% [95% CI, −1.2% to 9.2%]; P < .10) and at year 6 (23.5%
vs 11.1%; absolute difference, 12.4% [95% CI, 7.7% to 17.1%];
P < .001). At the end of follow-up, the frequency of incident
cognitive impairment (noncumulative) was greater in stroke
survivors than those without stroke (19.2% vs 8.7%;
P < .001) (absolute difference, 10.6% [95% CI, 8.1% to
13.0%]; P < .001).

d

Measures depressive symptoms on a scale from 0 to 12. Higher scores indicate
greater depressive symptoms.

Changes in New Learning and Verbal Memory After Stroke

e

Six-Item Screener scores range from 0 to 6. Word List Learning scores range
from 0 to 30. Word List Delayed Recall scores range from 0 to 10. Animal
Fluency Test scores can be 0 or greater. For all cognitive tests, higher scores
indicate better performance.

Characteristic
Clinical Factors
Self-reported stroke before
enrollment
4-Item CES-D score, mean (SD)d

1172 (5)
1.06 (2.0)

1.30 (2.2)

25

0

0

50

0

0

75

1

2

.006

Percentile

Self-reported health status
Excellent

3893 (17)

61 (12)

Very good

7380 (32)

134 (26)

Good

7987 (35)

199 (39)

Fair

3153 (14)

95 (18)

Poor

644 (3)

Glomerular filtration rate, mean
(SD), mL/min/1.73 m2
History of MI
Baseline cognitive scores, mean
(SD)e
Six-Item Screener
Word List Learning
Word List Delayed Recall
Animal Fluency Test

85.7 (19.4)
2626 (12)

<.001

26 (5)
80.4 (21.5)
108 (22)

<.001
<.001

5.8 (0.4)

5.7 (0.4)

.04

17.9 (4.9)

16.0 (4.8)

<.001

6.7(2.0)

5.8 (2.0)

<.001

17.6 (5.8)

15.9 (4.8)

.002

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; MI,
myocardial infarction; REGARDS, Reasons for Geographic and Racial Differences
in Stroke.
a

REGARDS oversampled residents of the stroke belt (defined as the states of
Alabama, Arkansas, Louisiana, Mississippi, Tennessee and the noncoastal
regions within the states of North Carolina, South Carolina, and Georgia) and
the stroke buckle (defined as the coastal regions within the states of North
Carolina, South Carolina, and Georgia).

b

Alcohol use was defined as heavy (ⱖ7 drinks per week for women and ⱖ14
drinks per week for men), moderate (0-7 drinks per week for women and 0-14
drinks per week for men), and none (0 drinks per week).

a mean of 3.0 (SD, 1.8) SIS tests and 1.4 (SD, 0.6) 3-test batteries before stroke. Stroke survivors had undergone a mean of
2.8 (SD, 1.8) SIS tests and 1.3 (SD, 0.5) 3-test batteries after
stroke and a median follow-up of 2.5 years (interquartile
range, 1.2 to 4.2 years). eTable 2 in the Supplement presents
the time from incident stroke to the first poststroke measurement of each cognitive test.
Because the secondary outcome measures were introduced during follow-up and performed less frequently, the
WLL analysis included 10 321 participants, 107 of whom had
incident stroke; the WLD analysis included 10 053 participants, 102 of whom had incident stroke; and the AFT analysis included 11 214 participants, 120 of whom had incident
jama.com

Table 3 and Figure 2 show that incident stroke was associated with significant acute declines in new learning and verbal memory after the event (WLL, 1.80 points [95% CI, 0.73
to 2.86]; P = .001; WLD, 0.60 points [95% CI, 0.13 to 1.07];
P = .01). New learning and verbal memory scores increased
slightly over time before stroke but less so in black participants (P = .01 for WLL and P = .02 for WLD for race × time
interaction term). We did not detect significant changes in
the slopes of new learning or verbal memory after incident
stroke compared with prestroke slopes (P = .91 for WLL and
P = .70 for WLD for change in slope after incident stroke).

Changes in Executive Function After Stroke
Executive function declined significantly over time before
stroke (0.31 points per year [95% CI, 0.27 to 0.35]; P < .001)
(Table 3). Stroke was associated with an acute decline in
executive function (0.90 points [95% CI, 0.23 to 1.57];
P = .009) in Model A but not in Model B (Table 3). In the
(Reprinted) JAMA July 7, 2015 Volume 314, Number 1
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Table 2. Adjusted Changes in Global Cognitive Function Over Time Among All Participants: REGARDS Study, 2003 to 2013a
SIS Scoreb
(n = 23 572)

Incident Cognitive Impairment SIS <5
(n = 23 572)
Model Bc

Model A
Variable
No. of incident strokes

Coefficient
(95% CI)

P Value

Coefficient
(95% CI)

515

P Value

P Value

OR
(95% CI)

515

P Value

515

Baseline cognitive score per 1-point
increase

0.18
(0.16 to 0 .19)

<.001

0.18
(0.16 to 0.19)

<.001

0.53
(0.49 to 0.57)

<.001

0.53
(0.49 to 0.57)

<.001

Baseline slope without incident
stroke, per y

0.02
(0.02 to 0.02)

<.001

0.02
(0.02 to 0.02)

<.001

0.88
(0.86 to 0.90)

<.001

0.88
(0.85 to 0.90)

<.001

Acute change after incident stroke
vs before stroke

−0.21
(−0.25 to −0.16)

<.001

−0.10
(−0.17 to −0.04)

.001

1.98
(1.58 to 2.48)

<.001

1.32
(0.95 to 1.83)

.10

Change in slope after incident
stroke, per y

Not included

−0.06
(−0.08 to −0.03)

<.001

Not included

1.23
(1.10 to 1.38)

<.001

Age, per y

−0.02
(−0.02 to −0.01)

<.001

−0.02
(−0.02 to −0.01)

<.001

1.07
(1.07 to 1.08)

1.07
(1.07 to 1.08)

<.001

Intercept

5.3
(5.16 to 5.41)

<.001

5.28
(5.15 to 5.40)

<.001

NA

NA

Log likelihood

−113 758.2

−25 151.4

−25 146.2

−11 3747.1

Interpretative example for the SIS score as a continuous measure: An average
participant had been gaining 0.02 points per year on the SIS of global
cognition (95% CI, 0.02 to 0.02; P < .001) before having a stroke. An average
stroke survivor’s SIS score decreased 0.10 points at the time of the stroke
(95% CI, 0.04 to 0.17; P = .001). During the years following stroke, survivors
experienced a significant annual decrease in SIS scores. The average stroke
survivor’s SIS score decreased 0.06 points per year compared with the
baseline (prestroke) slope (95% CI, 0.03 to 0.08; P < .001). Interpretative
example for incident cognitive impairment as a binary measure (SIS <5
[impaired] vs ⱖ5 [unimpaired]): The odds ratio is the odds of developing
cognitive impairment compared with the odds of not developing cognitive
impairment. Before stroke, participants experienced a significant annual
decrease in the odds of developing cognitive impairment. The odds of
participants developing cognitive impairment in a given prestroke year were
0.88 times lower than the odds of developing cognitive impairment during the
previous year (OR, 0.88 per year [95% CI, 0.85 to 0.90]; P < .001). The risk of
cognitive impairment acutely after stroke was not significantly different than
the risk of cognitive impairment before stroke. The odds of developing
cognitive impairment acutely after stroke were a nonsignificant 1.32 times
greater than the odds of developing cognitive impairment immediately before

years following an incident stroke, executive function
declined significantly faster than it did before the stroke
(change in slope after incident stroke, 0.63 points per year
[95% CI, 0.12 to 1.15]; P = 0.02) (Figure 2) (prestroke slope,
−0.312; poststroke slope, −0.944).

Sensitivity Analyses
Results were similar in analyses excluding individuals with
baseline history of stroke, imputing missing values of baseline covariates, adjusting for baseline renal function and
history of myocardial infarction, and adjusting for death
(eTables 5-8 in the Supplement). Cognitive changes after
stroke persisted if participants were required to have 2 or
more follow-up cognitive measures, but some changes in
secondary outcomes were no longer statistically significant
(eTable 9 in the Supplement). In analyses including stroke
type, results for ischemic stroke were similar; results for
hemorrhagic stroke were consistent, although some were no
longer statistically significant (eTable 10 in the Supplement).
46

OR
(95% CI)

515

b

The SIS measures global cognition (range, 0-6). Higher scores indicate better
performance. The screener was analyzed as a continuous measure and as a
binary measure of incident cognitive impairment (<5 [impaired] vs ⱖ5
[unimpaired]). Linear mixed-effects models included a random intercept,
calendar time, and adjustment for time-varying incident stroke, time since
incident stroke, and baseline values of cognitive scores, age, sex, race,
education, region, systolic blood pressure, cigarette smoking, waist
circumference, diabetes, self-reported stroke, depressive symptoms, income,
alcohol use, self-reported health status, and a random effect for slope.

c

Generalized linear mixed-effects models for a binary outcome were used for
estimating the odds of incident cognitive impairment.

Discussion
In this national cohort of black and white US residents 45
years or older, incident stroke was associated with accelerated and persistent declines in global cognition and executive function, after accounting for individuals’ cognitive
changes before and acutely after the event. Stroke survivors
had a significantly faster rate of incident cognitive impairment after stroke compared with the prestroke rate (odds
ratio, 1.23 per year [95% CI, 1.10 to 1.38]; P < .001), controlling for the odds of developing cognitive impairment before
or acutely after the event. We found significant, acute
declines in new learning and verbal memory after stroke but
no acceleration of prestroke rates of change in these functions.
Our data suggest that cognitive function declines both
acutely and over the long term after incident stroke. Several
studies9,13,14 have suggested that cognitive decline does not accelerate after stroke, unless a recurrent stroke occurs. Our re-
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<.001

stroke (OR, 1.32 [95% CI, 0.95 to 1.83]; P = .10). However, stroke survivors
experienced a significant annual increase in odds of developing cognitive
impairment, representing a significantly faster rate of incident cognitive
impairment after stroke compared with the prestroke rate (OR, 1.23 per year
[95% CI, 1.10 to 1.38]; P < .001), controlling for the odds of developing
cognitive impairment before or acutely after the event. The odds of survivors
developing cognitive impairment in a given poststroke year were 1.23 times
greater than the odds of developing cognitive impairment during the previous
year.

Abbreviations: OR, odds ratio; REGARDS, Reasons for Geographic and Racial
Differences in Stroke; SIS, Six-Item Screener.
a

Model Bc

Model A
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Figure 2. Predicted Mean Change in Cognitive Function Test Scores Before and After Acute Stroke at Year 3: REGARDS Study, 2003-2013
A SIS analysis
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Participant-specific (conditional) predicted values of cognition were calculated
for a 70-year-old black woman with the average values of all covariates at
baseline (high school education, stroke belt residence, income <$20 000,
never smoker, no alcohol use, systolic blood pressure 135 mm Hg, diabetes
present, waist circumference 95 cm, no self-reported stroke, Center for
Epidemiologic Studies Depression Scale score of 0.9 points, fair health status,
and Six-Item Screener [SIS] score of 5 points). Random effects for this
prediction were set to zero. Linear mixed-effects models included a random
intercept, random slope, and calendar time and adjust for time-varying incident
stroke, time since incident stroke, and baseline values of cognitive scores, age,
sex, race, race × time (Word List Learning [WLL] and Word List Delayed Recall
[WLD] only), education, region, systolic blood pressure, cigarette smoking,
waist circumference, diabetes, self-reported stroke, depressive symptoms,
income, alcohol use, and self-reported health status. Black dotted line indicates
the trajectory for stroke-free adults; orange dashed line, the trajectory for
adults with incident stroke; blue dashed line, the prestroke rate of cognitive
decline attributable to cognitive aging. A, The SIS analysis included 515

participants with incident stroke and 23 057 participants without incident
stroke during follow-up. The prestroke slope was 0.02 points per year
(P < .001); the acute decline after stroke was 0.01 points (P = .001). B, The WLL
analysis included 107 participants with incident stroke and 10 214 participants
without incident stroke during follow-up. The prestroke slope was 0.22 points
per year (P < .001); the acute decline after stroke was 1.80 points (P = .001);
there was no change in slope after stroke (P = .91). C, The WLD analysis included
102 participants with incident stroke and 9951 participants without incident
stroke during follow-up. The prestroke slope was 0.08 points per year
(P < .001); the acute decline after stroke was 0.60 points (P = .01); there was no
change in slope after stroke (P = .70). D, The Animal Fluency Test (AFT) analysis
included 120 participants with incident stroke and 11 093 participants without
incident stroke during follow-up. The prestroke slope was −0.31 points per year
(P < .001); there was no acute decline after stroke (the small increase in AFT
scores at the time of stroke was not significant [P = .78]); the change in slope
after stroke was −0.63 points per year (P = .02).

sults may differ because we had actual patient measures of prestroke cognition (not proxy-reported measures13,14), used
expert-adjudicated strokes and dates (not self-report9), and
used different cognitive measures.
The acute declines in global cognition, new learning, and
verbal memory associated with stroke are likely clinically
meaningful. A decline of 0.5 or more standard deviations from
baseline has been defined as clinically meaningful decline,38
has been correlated with clinically meaningful decline in global
cognition in a cohort of cognitively normal adults 50 years or
older,39 and, for the CERAD battery, has been correlated with

other established measures of cognitive decline in older adults
with dementia.40 A 0.5-SD decrease from the baseline score
for each outcome is approximately 0.2 points for the SIS, 2.4
points for the WLL, 1.0 points for the WLD, and 2.4 points for
the AFT. The 95% confidence intervals for the acute cognitive
declines in global cognition, new learning, and verbal memory
after stroke include declines of this magnitude. Acute cognitive decline after stroke increases survivors’ risk of mortality,41
disability,3,4 and dependent living3,4 and decreases their quality of life.42 The long-term declines in global cognition and executive function parallel the long-term functional decline seen
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0.22
(0.17 to
0.28)

−1.75
(−2.45 to
−1.05)

Not included

−0.14
(−0.15 to
−0.13)

18.17
(17.06 to
19.28)

−41 683.4

Baseline slope without
incident stroke, per y

Acute change after incident
stroke vs before stroke

Change in slope after incident
stroke, per y

Age, per y

Intercept

Log likelihood

0.22
(0.17 to
0.28)
−1.80
(−2.86 to
−0.73)

<.001

<.001

18.17
(17.06 to
19.29)

<.001

−41 683.3

−0.14
(−0.15 to
−0.13)

<.001

0.03
(−0.45 to
0.51)

0.41
(0.39 to
0.43)

107
<.001

P Value

The Consortium to Establish a Registry for Alzheimer Disease Word List Learning assesses new learning (range,
0-30); the Word List Delayed Recall assesses verbal memory (range, 0-10); and the Animal Fluency Test assesses
executive function with scores representing number of animals generated in 1 minute. For all cognitive tests,
higher scores indicate better performance.

Linear mixed-effects models (Model B) included a random intercept, calendar time, and adjust for time-varying
incident stroke, time since incident stroke, and baseline values of cognitive scores, age, sex, race, race × time
(for Word List Learning and Word List Delayed Recall only), education, region, systolic blood pressure, cigarette

b

−27 920.2

7.91
(7.45 to
8.38)

Not included

.91

<.001

−0.67
(−0.97 to
−0.37)

.001

−0.06
(−0.06 to
−0.06)

0.08
(0.06 to
0.10)

<.001

<.001

0.34
(0.33 to
0.36)

102
<.001

P Value

Coefficient
(95% CI)

Model A

Model Bb

0.08
(0.06 to
0.10)
−0.60
(−1.07 to
−0.13)

<.001

<.001

7.91
(7.45 to
8.38)

<.001

−44 213.4

16.58
(15.52 to
17.65)

Not included

.70

<.001

−0.90
(−1.57 to
−0.23)

.012

−0.12
(−0.13 to
−0.11)

−0.31
(−0.35 to
−0.27)

<.001

<.001

0.54
(0.52 to
0.55)

120
<.001

P Value

Coefficient
(95% CI)

Model A

Model Bb

0.15
(−0.94 to
1.24)

.009

<.001

<.001

−0.31
(−0.35 to
−0.27)

<.001

−44 210.5

16.57
(15.50 to
17.63)

−0.12
(−0.13 to
−0.11)

−0.63
(−1.15 to
−0.12)

0.54
(0.52 to
0.55)

120

Coefficient
(95% CI)

<.001

P Value

Animal Fluency Test Score
(n = 11 214)a

<.001

<.001

.017

.78

<.001

<.001

P Value

smoking, waist circumference, diabetes, self-reported stroke, depressive symptoms, income, alcohol use, and
self-reported health status. Interpretative example: An average participant gained 0.22 points per year on the
Word List Learning test of new learning (95% CI, 0.17 to 0.28; P < .001) before having a stroke. An average
stroke survivor’s Word List Learning score decreased 1.80 points at the time of the stroke (95% CI, 0.73 to 2.86;
P = .001). During the years following stroke, survivors experienced no significant annual change in Word List
Learning scores (point estimate, 0.03 points [95% CI, −0.45 to 0.51]; P = .91) compared with the baseline
(prestroke) slope.

−27 920.1

−0.06
(−0.06 to
−0.06)

<.001

−0.04
(−0.25 to
0.17)

0.34
(0.33 to
0.36)

102

Coefficient
(95% CI)

<.001

P Value

Word List Delayed Recall Score
(n = 10 053)a

a

Abbreviation: REGARDS, Reasons for Geographic and Racial Differences in Stroke.

0.41
(0.39 to
0.43)

107

Coefficient
(95% CI)

Baseline cognitive score per
1-unit increase

No. of incident strokes

Model Bb
Coefficient
(95% CI)

Model A

Word List Learning Score
(n = 10 321)a

Table 3. Adjusted Changes in New Learning, Verbal Memory, and Executive Function Over Time Among All Participants: REGARDS Study, 2003 to 2013
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in stroke survivors.43 Moreover, declines in global cognition
and executive function significantly increase the risk of
mortality,44 dementia,17,45 depression,46 and accelerated functional decline,47,48 which in turn is associated with institutionalization and caregiver burden.
Incident stroke or its risk factors may cause long-term
cognitive decline through several mechanisms. Stroke may
induce or exacerbate neurodegenerative disease,49,50 or neurodegenerative disease may amplify brain injury and cognitive deficits after stroke. 51 Vascular risk factors 52 or an
immune response 53 may cause ongoing cerebrovascular
injury, inflammation, and oxidative stress. Moreover, stroke
survivors may experience incident comorbidity (eg, cardiac
disease).54 It is unlikely that clinically apparent recurrent
strokes or baseline atrial fibrillation explain the long-term
cognitive declines that we observed, because we censored
cognitive information for participants at the time of recurrent
stroke and adjusting for atrial fibrillation did not change our
results. Still, stroke survivors may have had subclinical
infarcts after their index stroke that contributed to subsequent cognitive decline.55 We did not have brain imaging
data subsequent to the incident stroke. Our findings suggest
a scientific need to determine whether the acute and also
accelerated long-term cognitive decline are the result of
incomplete rehabilitation from the initial stroke, subsequent
vascular injury attributable to uncontrolled risk factors,56
behavioral changes, or other mechanisms.
Our study has several strengths. We had longitudinal cognitive assessments in a cohort and stroke subset of sufficient
size to estimate before and after differences (and the acute
change) in cognitive decline. Incident strokes were expertadjudicated based on medical record review. REGARDS systematically measured cognitive domains commonly affected
by stroke: global cognition, learning, memory, and executive
function.3,57 We accounted for prestroke cognitive decline and
acute cognitive declines after stroke to disentangle the association between stroke and longitudinal cognitive decline.
Our study has limitations. Results are generalizable only
to community-dwelling stroke survivors not requiring a proxy
respondent (eg, without aphasia). Although excluded participants had higher prevalence of stroke and dementia risk factors than included participants, these differences would reduce the ability to detect the cognitive effects of stroke. We
were unable to control for stroke features (location, laterality,
severity13), acute stroke treatments, or heart failure because
these data were unavailable. Selective attrition may lead to underestimation of cognitive decline because participants with
worse cognition at baseline or after stroke die, drop out, or re-
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quire a proxy.58 Analyses that accounted for loss to follow-up
or death did not change our results, consistent with research
from Salthouse.59
Fewer incident strokes and cognitive observations potentially limited statistical power to detect changes in the secondary outcomes (eg, verbal memory14,15). The linear mixedeffects models perform well for sparse data with small numbers
of repeated measures; still, the results of the secondary outcomes may require confirmatory analysis with more observations of cognition and incident stroke. Although stroke may
exacerbate depression, we did not adjust for time-dependent
depressive symptom scores because depressive symptoms are
often comorbid with cognitive decline and therefore on the
causal pathway. The slight increases in global cognition, new
learning, and verbal memory over time before stroke may be
attributable to practice effects.39,60 We did not have data on
functional impairments or incident dementia. The approach
taken to defining clinically meaningful changes, by using a
threshold of change exceeding 0.5 or greater SD, is a common
approach, but it does not provide a clear intuition of actual clinical impact, and a clinically meaningful change may vary by an
individual’s age, education, sex, and baseline cognition.60 Measurement of poststroke cognition during the early to midstage recovery phase may lead to underestimation of acute cognitive decline.
Our study has potential implications for clinical practice,
research, and health care policy. Although clinical practice
guidelines and quality improvement programs recommend
cognitive assessments be performed for patients with stroke
before hospital discharge and also in the postacute settings,61,62
our results suggest that stroke survivors also warrant monitoring for mounting cognitive impairment over the years after the event. Moreover, our results suggest that long-term cognitive dysfunction is a potential domain for evaluating acute
stroke therapies. As adults increasingly survive stroke,63 cases
of poststroke cognitive impairment will multiply.5 Given that
poststroke cognitive impairment increases mortality, morbidity, and health care costs,64 health systems and payers will need
to develop cost-effective systems of care that will best manage the long-term needs and cognitive problems of this increasing and vulnerable stroke survivor population.

Conclusions
Incident stroke was associated with acute decline in cognitive function and also accelerated and persistent cognitive decline over 6 years.

(Levine); Department of Biostatistics, University of
Michigan, Ann Arbor (Galecki); Institute for Social
Research, University of Michigan, Ann Arbor
(Langa); Department of Psychiatry, Indiana
University of School of Medicine, Indianapolis
(Unverzagt); Department of Psychiatry, University
of Michigan Medical School, Ann Arbor (Giordani);
Department of Medicine, University of Alabama at
Birmingham School of Medicine (Wadley).

jama.com

Author Contributions: Dr Levine had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Levine, Galecki, Kabeto,
Giordani, Wadley.
Acquisition, analysis, or interpretation of data:
Levine, Langa, Unverzagt, Kabeto, Giordani,
Wadley.

(Reprinted) JAMA July 7, 2015 Volume 314, Number 1

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by Henry Lahore on 07/10/2015

49

Research Original Investigation

Trajectory of Cognitive Decline After Incident Stroke

Drafting of the manuscript: Levine, Galecki,
Giordani.
Critical revision of the manuscript for important
intellectual content: Levine, Langa, Unverzagt,
Kabeto, Giordani, Wadley.
Statistical analysis: Levine, Galecki, Kabeto.
Obtained funding: Levine.
Administrative, technical, or material support:
Levine, Unverzagt, Kabeto, Giordani.
Study supervision: Levine, Galecki, Unverzagt,
Giordani.
Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr
Levine reported receiving consulting fees from
AstraZeneca and the National Institute of
Neurological Disorders and Stroke for work on
clinical trials; receiving a grant from the Michigan
Alzheimer’s Disease Center; and serving as a
member of the program advisory committee for the
Kaiser Permanente Northern California (KPNC)–
University of California, San Francisco (UCSF)
Stroke Prevention/Intervention Research Program
(SPIRP). No other authors reported disclosures.
Funding/Support: This work was supported by
cooperative agreement U01 NS041588 from the
National Institute of Neurological Disorders and
Stroke, National Institutes of Health, Department of
Health and Human Services. Additional funding was
provided by a grant K23AG040278 from the
National Institute on Aging (Dr Levine).
Role of the Funder/Sponsor: Representatives of
the National Institute of Neurological Disorders and
Stroke have been involved in the review of the
manuscript but not directly involved in the
collection, management, analysis, or interpretation
of the data; or the decision to submit the
manuscript for publication.
Disclaimer: The content of this article is solely the
responsibility of the authors and does not
necessarily represent the official views of the
National Institute of Neurological Disorders and
Stroke, the National Institutes of Health, or the
Department of Veterans Affairs.
Additional Contributions: We thank the
other investigators, the staff, and the participants
of the REGARDS study for their valuable
contributions. A full list of participating REGARDS
investigators and institutions can be found
at http://www.regardsstudy.org.
REFERENCES
1. Mozaffarian D, Benjamin EJ, Go AS, et al;
American Heart Association Statistics Committee
and Stroke Statistics Subcommittee. Heart disease
and stroke statistics—2015 update: a report from
the American Heart Association. Circulation. 2015;
131(4):e29-e322.
2. Murray CJ, Atkinson C, Bhalla K, et al;
U.S. Burden of Disease Collaborators. The state of
US health, 1990-2010: burden of diseases, injuries,
and risk factors. JAMA. 2013;310(6):591-608.
3. Tatemichi TK, Desmond DW, Stern Y, Paik M,
Sano M, Bagiella E. Cognitive impairment after
stroke: frequency, patterns, and relationship to
functional abilities. J Neurol Neurosurg Psychiatry.
1994;57(2):202-207.
4. Patel MD, Coshall C, Rudd AG, Wolfe CD.
Cognitive impairment after stroke: clinical

50

determinants and its associations with long-term
stroke outcomes. J Am Geriatr Soc. 2002;50(4):
700-706.
5. Ukraintseva S, Sloan F, Arbeev K, Yashin A.
Increasing rates of dementia at time of declining
mortality from stroke. Stroke. 2006;37(5):1155-1159.
6. Edwards JD, Koehoorn M, Boyd LA, Levy AR. Is
health-related quality of life improving after stroke?
a comparison of health utilities indices among
Canadians with stroke between 1996 and 2005.
Stroke. 2010;41(5):996-1000.
7. Erkinjuntti T, Gauthier S. Diagnosing vascular
cognitive impairment and dementia: concepts and
controversies. In: Wahlund L, Erkinjuntti T, Gauthier
S, eds. Vascular Cognitive Impairment in Clinical
Practice. Cambridge, United Kingdom: Cambridge
University Press; 2009:3-10.
8. Rajan KB, Aggarwal NT, Wilson RS, Everson-Rose
SA, Evans DA. Association of cognitive functioning,
incident stroke, and mortality in older adults. Stroke.
2014;45(9):2563-2567.
9. Wang Q, Capistrant BD, Ehntholt A, Glymour
MM. Long-term rate of change in memory
functioning before and after stroke onset. Stroke.
2012;43(10):2561-2566.
10. del Ser T, Barba R, Morin MM, et al. Evolution of
cognitive impairment after stroke and risk factors
for delayed progression. Stroke. 2005;36(12):26702675.
11. Tatemichi TK, Desmond DW, Mayeux R, et al.
Dementia after stroke: baseline frequency, risks,
and clinical features in a hospitalized cohort.
Neurology. 1992;42(6):1185-1193.
12. Liman TG, Heuschmann PU, Endres M, Flöel A,
Schwab S, Kolominsky-Rabas PL. Changes in
cognitive function over 3 years after first-ever
stroke and predictors of cognitive impairment and
long-term cognitive stability: the Erlangen Stroke
Project. Dement Geriatr Cogn Disord. 2011;31(4):
291-299.
13. Srikanth VK, Quinn SJ, Donnan GA, Saling MM,
Thrift AG. Long-term cognitive transitions, rates of
cognitive change, and predictors of incident
dementia in a population-based first-ever stroke
cohort. Stroke. 2006;37(10):2479-2483.
14. Sachdev PS, Lipnicki DM, Crawford JD, Wen W,
Brodaty H. Progression of cognitive impairment in
stroke/TIA patients over 3 years. J Neurol
Neurosurg Psychiatry. 2014;85(12):1324-1330.
15. Knopman DS, Mosley TH, Catellier DJ, Coker LH;
Atherosclerosis Risk in Communities Study Brain
MRI Study. Fourteen-year longitudinal study of
vascular risk factors, APOE genotype, and
cognition: the ARIC MRI Study. Alzheimers Dement.
2009;5(3):207-214.
16. Howard VJ, Cushman M, Pulley L, et al. The
reasons for geographic and racial differences in
stroke study: objectives and design.
Neuroepidemiology. 2005;25(3):135-143.
17. Callahan CM, Unverzagt FW, Hui SL, Perkins AJ,
Hendrie HC. Six-item screener to identify cognitive
impairment among potential subjects for clinical
research. Med Care. 2002;40(9):771-781.
18. Morris JC, Heyman A, Mohs RC, et al. The
Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD), part I: clinical and
neuropsychological assessment of Alzheimer’s
disease. Neurology. 1989;39(9):1159-1165.

19. Morris JC, Mohs RC, Rogers H, Fillenbaum G,
Heyman A. Consortium to establish a registry for
Alzheimer’s disease (CERAD) clinical and
neuropsychological assessment of Alzheimer’s
disease. Psychopharmacol Bull. 1988;24(4):641-652.
20. Unverzagt FW, Monahan PO, Moser LR, et al.
The Indiana University telephone-based
assessment of neuropsychological status: a new
method for large scale neuropsychological
assessment. J Int Neuropsychol Soc. 2007;13(5):
799-806.
21. Rapp SR, Legault C, Espeland MA, et al;
CAT Study Group. Validation of a cognitive
assessment battery administered over the
telephone. J Am Geriatr Soc. 2012;60(9):1616-1623.
22. Wilson RS, Leurgans SE, Foroud TM, et al;
National Institute on Aging Late-Onset Alzheimer’s
Disease Family Study Group. Telephone assessment
of cognitive function in the late-onset Alzheimer’s
disease family study. Arch Neurol. 2010;67(7):855861.
23. Hachinski V, Iadecola C, Petersen RC, et al.
National Institute of Neurological Disorders and
Stroke–Canadian Stroke Network vascular cognitive
impairment harmonization standards [published
correction appears in Stroke. 2007;38(3):1118]. Stroke.
2006;37(9):2220-2241.
24. Ferraro FR, ed. Minority and Cross-Cultural
Aspects of Neuropsychological Assessment (Studies
on Neuropsychology, Neurology and Cognition). Lisse,
the Netherlands: Swets & Zeitlinger; 2002.
25. Lucas JA, Ivnik RJ, Smith GE, et al. Mayo’s Older
African Americans Normative Studies: norms for
Boston Naming Test, Controlled Oral Word
Association, Category Fluency, Animal Naming,
Token Test, WRAT-3 Reading, Trail Making Test,
Stroop Test, and Judgment of Line Orientation. Clin
Neuropsychol. 2005;19(2):243-269.
26. Carpenter CR, DesPain B, Keeling TN, Shah M,
Rothenberger M. The Six-Item Screener and AD8
for the detection of cognitive impairment in
geriatric emergency department patients. Ann
Emerg Med. 2011;57(6):653-661.
27. Howard VJ, Kleindorfer DO, Judd SE, et al.
Disparities in stroke incidence contributing to
disparities in stroke mortality. Ann Neurol. 2011;69
(4):619-627.
28. Safford MM, Brown TM, Muntner PM, et al;
REGARDS Investigators. Association of race and sex
with risk of incident acute coronary heart disease
events. JAMA. 2012;308(17):1768-1774.
29. Stroke—1989: recommendations on stroke
prevention, diagnosis, and therapy: report of the
WHO Task Force on Stroke and other
Cerebrovascular Disorders. Stroke. 1989;20(10):
1407-1431.
30. Halanych JH, Shuaib F, Parmar G, et al.
Agreement on cause of death between proxies,
death certificates, and clinician adjudicators in the
Reasons for Geographic and Racial Differences in
Stroke (REGARDS) study. Am J Epidemiol. 2011;173
(11):1319-1326.
31. Levey AS, Stevens LA, Schmid CH, et al;
CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration). A new equation to estimate
glomerular filtration rate. Ann Intern Med. 2009;
150(9):604-612.

JAMA July 7, 2015 Volume 314, Number 1 (Reprinted)

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by Henry Lahore on 07/10/2015

jama.com

Trajectory of Cognitive Decline After Incident Stroke

32. Melchior LA, Huba GJ, Brown VB, Reback CJ.
A short depression index for women. Educ Psychol
Meas. 1993;53(4):1117-1125.
33. Hertzog C, Dixon R. Methodological issues in
research on cognition and aging. In:
Blanchard-Fields F, Hess TM, eds. Perspectives on
Cognitive Change in Adulthood and Aging. New York,
NY: Mcgraw-Hill College; 1996:66-121.
34. West BG, Galecki AT. Linear Mixed Models:
A Practical Guide Using Statistical Software. Boca
Raton, LA: Chapman & Hall/CRC; 2007.
35. Laird NM, Ware JH. Random-effects models for
longitudinal data. Biometrics. 1982;38(4):963-974.
36. Levine DA, Davydow DS, Hough CL, Langa KM,
Rogers MA, Iwashyna TJ. Functional disability and
cognitive impairment after hospitalization for
myocardial infarction and stroke. Circ Cardiovasc
Qual Outcomes. 2014;7(6):863-871.
37. He Y. Missing data analysis using multiple
imputation: getting to the heart of the matter. Circ
Cardiovasc Qual Outcomes. 2010;3(1):98-105.
38. Wolinsky FD, Unverzagt FW, Smith DM, Jones
R, Stoddard A, Tennstedt SL. The ACTIVE cognitive
training trial and health-related quality of life:
protection that lasts for 5 years. J Gerontol A Biol Sci
Med Sci. 2006;61(12):1324-1329.
39. Unger JM, van Belle G, Heyman A; Consortium
to Establish a Registry for Alzheimer’s Disease.
Cross-sectional versus longitudinal estimates of
cognitive change in nondemented older people:
a CERAD study. J Am Geriatr Soc. 1999;47(5):559563.
40. Rossetti HC, Munro Cullum C, Hynan LS,
Lacritz LH. The CERAD Neuropsychologic Battery
Total Score and the progression of Alzheimer
disease. Alzheimer Dis Assoc Disord. 2010;24(2):
138-142.
41. Tatemichi TK, Paik M, Bagiella E, Desmond DW,
Pirro M, Hanzawa LK. Dementia after stroke is a
predictor of long-term survival. Stroke. 1994;25
(10):1915-1919.

Original Investigation Research

stroke: the Northern Manhattan Study. Stroke.
2009;40(8):2805-2811.

disease pathology, and memory function in older
persons. Ann Neurol. 2007;62(1):59-66.

44. Cosentino S, Scarmeas N, Albert SM, Stern Y.
Verbal fluency predicts mortality in Alzheimer
disease. Cogn Behav Neurol. 2006;19(3):123-129.

56. Douiri A, McKevitt C, Emmett ES, Rudd AG,
Wolfe CD. Long-term effects of secondary
prevention on cognitive function in stroke patients.
Circulation. 2013;128(12):1341-1348.

45. Clark LJ, Gatz M, Zheng L, Chen YL, McCleary
C, Mack WJ. Longitudinal verbal fluency in normal
aging, preclinical, and prevalent Alzheimer’s
disease. Am J Alzheimers Dis Other Demen. 2009;
24(6):461-468.

57. Reed BR, Eberling JL, Mungas D, Weiner MW,
Jagust WJ. Memory failure has different
mechanisms in subcortical stroke and Alzheimer’s
disease. Ann Neurol. 2000;48(3):275-284.

46. Unützer J, Katon W, Callahan CM, et al.
Depression treatment in a sample of 1,801
depressed older adults in primary care. J Am Geriatr
Soc. 2003;51(4):505-514.

58. Desmond DW, Bagiella E, Moroney JT, Stern Y.
The effect of patient attrition on estimates of the
frequency of dementia following stroke. Arch Neurol.
1998;55(3):390-394.

47. Atchison TB, Massman PJ, Doody RS. Baseline
cognitive function predicts rate of decline in
basic-care abilities of individuals with dementia of
the Alzheimer’s type. Arch Clin Neuropsychol. 2007;
22(1):99-107.

59. Salthouse TA. Selectivity of attrition in
longitudinal studies of cognitive functioning.
J Gerontol B Psychol Sci Soc Sci. 2014;69(4):567-574.

48. Bennett HP, Corbett AJ, Gaden S, Grayson DA,
Kril JJ, Broe GA. Subcortical vascular disease and
functional decline: a 6-year predictor study. J Am
Geriatr Soc. 2002;50(12):1969-1977.
49. Snowdon DA, Greiner LH, Mortimer JA, Riley
KP, Greiner PA, Markesbery WR. Brain infarction
and the clinical expression of Alzheimer disease:
the Nun Study. JAMA. 1997;277(10):813-817.
50. Garcia-Alloza M, Gregory J, Kuchibhotla KV,
et al. Cerebrovascular lesions induce transient
β-amyloid deposition. Brain. 2011;134(pt 12):36973707.
51. Whitehead SN, Cheng G, Hachinski VC,
Cechetto DF. Progressive increase in infarct size,
neuroinflammation, and cognitive deficits in the
presence of high levels of amyloid. Stroke. 2007;38
(12):3245-3250.
52. Iadecola C, Gorelick PB. Converging pathogenic
mechanisms in vascular and neurodegenerative
dementia. Stroke. 2003;34(2):335-337.
53. Doyle KP, Quach LN, Solé M, et al.
B-lymphocyte-mediated delayed cognitive
impairment following stroke. J Neurosci. 2015;35
(5):2133-2145.

42. Ankolekar S, Renton C, Sare G, et al; ENOS Trial
Investigators. Relationship between poststroke
cognition, baseline factors, and functional
outcome: data from “efficacy of nitric oxide in
stroke” trial. J Stroke Cerebrovasc Dis. 2014;23(7):
1821-1829.

54. Schaapsmeerders P, Maaijwee NA, van Dijk EJ,
et al. Long-term cognitive impairment after
first-ever ischemic stroke in young adults. Stroke.
2013;44(6):1621-1628.

43. Dhamoon MS, Moon YP, Paik MC, et al.
Long-term functional recovery after first ischemic

55. Schneider JA, Boyle PA, Arvanitakis Z, Bienias
JL, Bennett DA. Subcortical infarcts, Alzheimer’s

jama.com

60. Stein J, Luppa M, Luck T, et al. The assessment
of changes in cognitive functioning: age-,
education-, and gender-specific reliable change
indices for older adults tested on the CERAD-NP
battery: results of the German Study on Ageing,
Cognition, and Dementia in Primary Care Patients
(AgeCoDe). Am J Geriatr Psychiatry. 2012;20(1):8497.
61. Advanced Disease-Specific Care Certification
Requirements for Comprehensive Stroke Center
(CHC). Joint Commission website. http://www
.jointcommission.org/assets/1/18/dsc_csc_chap.pdf.
Accessed July 31, 2014.
62. Miller EL, Murray L, Richards L, et al; American
Heart Association Council on Cardiovascular
Nursing and the Stroke Council. Comprehensive
overview of nursing and interdisciplinary
rehabilitation care of the stroke patient: a scientific
statement from the American Heart Association.
Stroke. 2010;41(10):2402-2448.
63. Koton S, Schneider AL, Rosamond WD, et al.
Stroke incidence and mortality trends in US
communities, 1987 to 2011. JAMA. 2014;312(3):259268.
64. Rockwood K, Brown M, Merry H, Sketris I,
Fisk J; Vascular Cognitive Impairment Investigators
of the Canadian Study of Health and Aging. Societal
costs of vascular cognitive impairment in older
adults. Stroke. 2002;33(6):1605-1609.

(Reprinted) JAMA July 7, 2015 Volume 314, Number 1

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by Henry Lahore on 07/10/2015

51

