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Cognitive impairment and dementia are prevalent after 
stroke.1 Given the risks of baseline selection bias,2,3 

they are probably more common than previously reported. 
Poststroke cognitive impairment is independently associ-
ated with death and disability4 and institutionalization,5 and 
it is important that we identify ways to reduce its occurrence 
and thus the associated burden of disease. There is a growing 
awareness that higher physical activity levels are linked to bet-
ter cognitive function, with compelling data from large epide-
miological populations.6,7 Intervention trials have added to the 
weight of evidence: in older adults at risk of cognitive decline, 
those randomized to a physical activity program had signifi-
cantly better cognitive outcomes than those randomized to the 
control group.8 In the context of stroke, meta-analyses of the 

research literature indicate that physical activity has a mod-
est but significant positive effect on cognition.9,10 It remains a 
limited research base, however, with <5% of all stroke studies, 
including a cognitive outcome.11

AVERT (A Very Early Rehabilitation Trial) was a large 
randomized controlled trial designed to investigate the effi-
cacy of very early mobilization, compared with usual care, in 
acute stroke.12 With its broad inclusion criteria, AVERT is less 
vulnerable to the baseline selection biases common to much 
poststroke cognitive research. A corollary of this, however, is 
the likelihood that many participants had prestroke cognitive 
impairment; an estimate from meta-analysis of hospital-based 
studies indicates a prevalence of prestroke dementia of 14%.1 
The effect of early mobilization after stroke on subsequent 
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cognitive outcome is unknown. Evidence from the animal lit-
erature is encouraging, with a recent study demonstrating that 
moderate physical activity early after stroke in rats had a posi-
tive effect on later cognitive function (8–10 days after the last 
exercise session).13 In humans, it may be unrealistic to expect a 
physical intervention delivered in the first 2 weeks poststroke 
to have a direct benefit on cognition as measured at 3 months, 
but indirect benefits of increasing out-of-bed activity during 
an early, optimally neuroplastic time window are plausible.14 
For example, early poststroke mobilization increases a per-
son’s level of consciousness.15 Improved mental alertness may 
enhance cognitive processes after stroke, potentially mediat-
ing other aspects of recovery through greater engagement in 
therapy and rehabilitation. Conversely, if there are activity-
related reductions in cerebral blood flow that threaten perfu-
sion of the ischemic penumbra,16 this may increase the risk 
of cognitive impairment. It was this uncertainty that led us to 
include a cognitive outcome measure in AVERT.

Methods

Study Question
AVERT’s large data set provides a unique opportunity to explore 
poststroke cognitive function (the data that support the findings of 
this study are available from the corresponding author on reasonable 
request). The central aim of this investigation was to determine, as 
outlined in AVERT’s statistical analysis plan,17 whether there was 
a between-group difference in cognitive outcome. We also aimed 
to quantify the relationships between 3-month cognition and vari-
ous clinical variables across the full cohort. We hypothesized that 
baseline markers of cognition—cognitive items from the National 
Institutes of Health Stroke Scale (NIHSS),18 Star Cancellation19— 
would be significantly associated with cognition at 3 months. We also 
predicted that mood disorder and quality of life at 3 months would be 
significantly associated with 3-month cognition.

Trial Design
AVERT was a pragmatic, parallel-group, single-blind, multicenter, 
randomized controlled trial with blinded assessment of outcome. It 
was international, with recruitment sites in Australia, New Zealand, 
Singapore, Malaysia, and the United Kingdom. The trial had ethical 
approval from the Human Ethics Committee at each site and was regis-
tered with the Australian New Zealand Clinical Trials Registry (https://
www.anzctr.org.au. Unique identifier: ACTRN12606000185561). 
Informed consent was obtained from all participants or their nomi-
nated representative. Details of the study rationale, design, and statis-
tical analysis have been published previously.17 Eligible participants 
were aged ≥18 years and were recruited within 24 hours of stroke 
(first or recurrent, ischemic, or hemorrhagic). Exclusion criteria 
included premorbid disability, early deterioration, palliation, other 
serious illness or coronary condition, and falling outside set physi-
ological parameters (blood pressure, heart rate, temperature, oxygen 
saturation). Participants were randomly assigned to receive usual 
stroke unit care or very early and more frequent mobilization in addi-
tion to usual stroke unit care, stratified by hospital site and stroke 
severity. The randomization schedule was computer-generated, with 
allocation concealed and delivered via a secure, purpose-built online 
interface. The trial ended when the recruitment target was met.

Intervention Delivery
For both intervention and control participants, the components of usual 
care were at the discretion of individual sites. The very early mobiliza-
tion intervention was delivered according to a detailed protocol and 
included 3 crucial elements: (1) begin within 24 hours of stroke onset, 
(2) focus on out-of-bed activity (eg, sitting, standing, walking), and 

(3) result in at least 3 additional out-of-bed sessions to usual care. The 
intervention period lasted 14 days or until discharge from the acute 
stroke unit, whichever was sooner. Actual treatment dose provided to 
each group was reported previously20 and is summarized here. In the 
intervention group, 92% of patients were mobilized within 24 hours of 
stroke, compared with 59% in usual care. Median time to first mobili-
zation was 18.5 hours for intervention participants, against 22.4 hours 
for usual care. During the acute hospital stay, intervention participants 
were more active than their usual care counterparts: median frequency 
of out-of-bed activity sessions per day was 6.5 versus 3.0, translating 
to a median activity duration per day of 31 versus 10 minutes.

Outcome Measures
AVERT’s primary outcome was death and disability at 3 months post-
stroke, measured using the modified Rankin Scale.21 In 2008 (2 years 
after recruitment began), the trial management committee approved a 
protocol revision that added a cognitive measure (Montreal Cognitive 
Assessment; MoCA22) to the 3-month assessment. The MoCA was 
recommended in 2006 harmonization standards23 and subsequently 
has been confirmed as a valid assessment of cognitive function after 
stroke.24,25 The blinded assessors, who were allied health professionals, 
were trained in administration and scoring of the MoCA using detailed 
written instructions (from the MoCA website) and a demonstration 
video (recorded by Dr Linden, an experienced cognitive neurologist). 
The MoCA takes ≈10 minutes to complete, is scored out of 30 (with 1 
point added for low education; higher scores represent better cognition), 
and contains sections on visuospatial/executive, naming, memory, atten-
tion, language, abstraction, and orientation. We used the original ver-
sion of the MoCA but modified its format so that the paper case report 
forms could be machine read using TeleForm (Verity, Inc, Sunnyvale, 
CA) software. We received faxed portable document format images 
from sites, and these images were scanned into the software, visually 
checked, corrected, and stored in the database. As part of our quality 
assurance process, a single independent researcher (D. Lowe) accessed 
the portable document format image file for the visuospatial/executive 
MoCA items and—blind to the original scoring—scored these items. 
Clear errors in original scoring were corrected. When the 3-month 
assessment was conducted by telephone, the MoCA was not adminis-
tered. In participants whose English language fluency led to problems 
completing the English MoCA, the MoCA version in their primary lan-
guage was used, and results were transcribed to our case report form. 
This occurred most frequently at the Singapore and Malaysia sites. For 
Bahasa Malay, there was no existing MoCA version, so we created and 
validated one.26 When the MoCA was not administered, or was incom-
plete, reasons for the missing data were recorded.

Other relevant outcomes include the NIHSS,27 a baseline clini-
cal measure of stroke severity. The NIHSS has 4 items relating to 
cognition, with the NIH Cog-4 (combining the orientation, executive, 
language, and inattention items) and also the NIH Cog-2 (combin-
ing the orientation and language items), yielding useful cognitive 
information.18 We administered the Star Cancellation test, a sensitive 
measure of visual neglect,19 at baseline. At 3-month follow-up, psy-
chological well-being was evaluated on the Irritability, Depression, 
and Anxiety scale,28 which has established validity.29 Scores on the 
depression and anxiety subscales range between 0 and 15, with higher 
scores reflecting greater symptomatology. The Assessment of Quality 
of Life,30 which has been validated in stroke,31 was also administered 
at 3 months. Scores range between −0.04 and 1, with higher values 
reflecting a better quality of life.

Statistical Analysis
AVERT’s statistical analysis plan was published before trial comple-
tion and database lock, and cognitive function at 3 months was a 
tertiary outcome.17 Multivariable bootstrapped median regression, 
including age and NIHSS as covariates, was used to compare MoCA 
score between the intervention and control groups. Robust linear 
regression was used to confirm this finding and was run again with 
pattern mixture models for sensitivity analysis of the unobserved 
outcomes (missing MoCA data or lost to follow-up).32 Our a priori 

D
ow

nloaded from
 http://ahajournals.org by on A

pril 16, 2019



Cumming et al  Cognitive Outcomes From AVERT  2149

approach to missing MoCA data was to define missing because of 
telephone follow-up as missing-at-random, whereas missing because 
of other reasons (communication problems related to stroke, unable 
to use pen/paper, visual problems, refused, other) was classified as 
missing-not-at-random. Separate regressions were conducted for 
(1) all participants with complete MoCA data plus those who had 
died (with these participants assigned a MoCA score of 0), and (2) 
all surviving participants with complete MoCA data. Prevalence of 
cognitive impairment is reported at both the originally suggested 
25/26 MoCA cutoff22 and a 23/24 cutoff, identified as more suit-
able in stroke.24 Relationships between 3-month MoCA and other 
clinical variables were examined in the cohort with complete data, 
using Spearman correlations and bootstrapped median regressions 
(with age and NIHSS as covariates). Finally, we tested associations 
between cognitive outcome and both living arrangement and employ-
ment status, using multivariable logistic regression (adjusted for age, 
NIHSS). Analyses were performed using STATA version 14.0.

Results
Missing Data
The participant flowchart is outlined in Figure 1. Of the total 2104 
AVERT participants, 317 (15.1%) had a 3-month assessment that 
predated introduction of the MoCA, 136 (7.6%) had died before 
their 3-month assessment, 6 (0.3%) were lost to follow-up, and 
456 (25.5%) had completely or partially missing data. Of these 
456, 157 (34.4%) had telephone follow-up (missing-at-random). 
These missing participants were balanced across the interven-
tion (77/751, 10.3%) and usual care (80/737, 10.9%) groups 
(Fisher exact; P=0.74), and their sex and NIHSS profiles were 
similar to included participants. However, they were younger 
(n=157; median, 68.4 years; interquartile range [IQR], 58.5–
77.7) than included participants (n=1331; median, 72.8 years; 

IQR, 62.9–80.7; Mann-Whitney U test, P=0.002). The remain-
ing 299 (65.6%) were considered to be missing-not-at-random. 
Again, there was balance between intervention (144/818, 17.6%) 
and usual care (155/812, 19.1%) groups (Fisher exact, P=0.44). 
Age and sex profiles were no different to included participants, 
whereas NIHSS was higher (n=299; median, 9; IQR, 5–15) 
than in included participants (n=1331; median, 6; IQR, 4–11; 
Mann-Whitney U test, P<0.001). For analysis, the 1787 who par-
ticipated after the MoCA’s introduction were split into 3 groups 
(Table 1): complete MoCA data (n=1189), deaths (n=136), and 
completely or partially missing data (n=462).

Functional Outcome by Intervention Group
Among the subset with complete MoCA data, there were 
fewer intervention participants (326/595, 54.8%) than usual 
care participants (361/594, 60.8%) who had a favorable 
3-month functional outcome (modified Rankin Scale score, 
0–2). This finding is consistent with the previous report from 
the full AVERT sample, where fewer people in the interven-
tion group (480/1038, 46.2%) than in usual care (525/1045, 
50.2%) had a favorable 3-month outcome.20

MoCA Outcome by Group
With deaths (n=136) assigned a score of 0, we did not 
detect a difference in MoCA score between the intervention 
(n=668; median, 22; IQR, 16–26; mean, 19.5; SD, 8.8) and 
usual care (n=657; median, 23; IQR, 17–26; mean, 19.8; SD 
8.5) groups. In bootstrapped median regression, 95% CIs 
for effect of group crossed 0 (β coefficient, −0.11; 95% CI, 

Figure 1. Participant flowchart. AVERT indicates 
A Very Early Rehabilitation Trial; and MoCA, 
Montreal Cognitive Assessment.
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−0.86 to 0.63; P=0.77). Results were similar in robust linear 
regression analysis (β coefficient, −0.26; 95% CI, −0.99 to 
0.48; P=0.50) and were confirmed in sensitivity analysis with 
pattern mixture models. In analyses restricted to survivors 
alone, we did not detect a difference in MoCA score between 
intervention (n=595; median, 23; IQR, 19–26; mean, 21.9; 
SD, 5.9) and usual care (n=594; median, 23; IQR, 19–26; 
mean, 21.8; SD, 5.9) groups (Figure 2). Using bootstrapped 
median regression with age and NIHSS as covariates, the 
effect of group was similar to the full model (β coefficient, 
−0.15; 95% CI, −0.86 to 0.56; P=0.68). Results were simi-
lar in robust linear regression (β coefficient, −0.02; 95% CI, 
−0.61 to 0.58; P=0.95).

Using the 25/26 MoCA cutoff, prevalence of cognitive 
impairment was slightly lower in the intervention (408/595, 
68.6%) than usual care (423/594, 71.2%) group, but this 
was not statistically different (Fisher exact, P=0.34). At the 
23/24 MoCA cutoff, there was similar prevalence of cognitive 
impairment in intervention (311/595, 52.3%) and usual care 
(311/594, 52.4%) groups.

MoCA Outcome in Participants With Complete  
MoCA Data
With groups considered together, the cohort of participants 
with complete MoCA data (n=1189) had a median of 23 (IQR, 
19–26) and a mean of 21.9 (SD, 5.9) on the MoCA. At the 
25/26 MoCA cutoff, 831/1189 (69.9%) participants were cog-
nitively impaired, compared with 622/1189 (52.3%) using a 
23/24 cutoff. Data from the different subsections of the MoCA 
are outlined in Table 2, alongside data reported by Pendlebury 
et al33 for comparison purposes.

Associations Between Cognition and Other Factors 
in Participants With Complete MoCA Data
Prestroke Vascular Risk Factors
Prior stroke and diabetes mellitus were associated with poorer 
MoCA outcome (Table 3).

Stroke Type
Median and IQR for the MoCA were similar across hemor-
rhagic stroke (24; 19–27) and all Oxfordshire Classification34 

Table 1. Characteristics of the 1787 Participants Recruited Post-MoCA Introduction

 

Complete Deaths Missing Data

Intervention Usual Care Intervention Usual Care Intervention Usual Care

N 595 594 73 63 227 235

Sex, female 228 (38%) 222 (37%) 31 (43%) 32 (51%) 108 (48%) 96 (41%)

Age, mean (SD) 69.9 (12.9) 70.5 (12.2) 78.2 (10.1) 78.5 (10.7) 69.3 (13.2) 69.9 (13.0)

NIHSS, median (IQR) 6 (4–9) 6 (4–10) 17 (10–23) 18 (11–22) 7 (4–12) 9 (4–15)

Mild (1–7) 372 (63%) 379 (64%) 14 (19%) 7 (11%) 120 (53%) 106 (45%)

Moderate (8–16) 184 (31%) 180 (30%) 18 (25%) 23 (37%) 68 (30%) 79 (34%)

Severe (>16) 39 (7%) 35 (6%) 41 (56%) 33 (52%) 39 (17%) 50 (21%)

NIH Cog-4, median (IQR) 0 (0–2) 0 (0–2) 3 (1–7) 4 (2–6) 1 (0–3) 1 (0–4)

NIH Cog-2, median (IQR) 0 (0–1) 0 (0–1) 1 (0–4) 2 (0–4) 0 (0–2) 0 (0–3)

OCSP

                TACI 86 (15%) 86 (15%) 38 (52%) 42 (67%) 63 (28%) 71 (30%)

                PACI 213 (36%) 209 (35%) 9 (12%) 10 (16%) 64 (28%) 59 (25%)

                POCI 51 (9%) 70 (12%) 5 (7%) 1 (2%) 16 (7%) 12 (5%)

                LACI 166 (28%) 167 (28%) 4 (6%) 3 (5%) 63 (28%) 65 (28%)

Hemorrhage 79 (13%) 62 (10%) 17 (23%) 7 (11%) 21 (9%) 28 (12%)

LOS days, median (IQR) 6 (4–10) 6 (3–11) 8 (4–17) 10 (5–22) 7 (3–14) 8 (5–16)

Hypertension 397 (67%) 410 (69%) 52 (71%) 43 (68%) 151 (67%) 160 (68%)

Diabetes mellitus 116 (20%) 111 (19%) 19 (26%) 21 (33%) 69 (30%) 59 (25%)

Cholesterol 226 (38%) 238 (40%) 37 (51%) 31 (49%) 86 (38%) 95 (40%)

Atrial fibrillation 112 (19%) 123 (21%) 30 (41%) 25 (40%) 41 (18%) 57 (24%)

Ischemic heart disease 113 (19%) 135 (23%) 24 (33%) 22 (35%) 45 (20%) 57 (24%)

Prior stroke

                Clinical 90 (15%) 120 (20%) 14 (19%) 9 (14%) 45 (20%) 50 (21%)

                Scan 161 (27%) 172 (29%) 23 (32%) 12 (19%) 66 (29%) 59 (25%)

NIH Cog-4 (4 NIHSS cognitive items) scored 0 to 9, NIH Cog-2 (2 NIHSS cognitive items) scored 0 to 5, higher scores=worse cognition. IQR 
indicates interquartile range; LACI, lacunar infarct; LOS, acute length of stay; MoCA, Montreal Cognitive Assessment; NIHSS, National Institutes of 
Health Stroke Scale; OCSP, Oxfordshire Community Stroke Project; PACI, partial anterior circulation infarct; POCI, posterior circulation infarct; and 
TACI, total anterior circulation infarct.
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subtypes of ischemic stroke (partial anterior circulation 
infarct, 23, 19–26; posterior circulation infarct, 24, 20–26; 
lacunar infarct, 24, 21–27), except for total anterior circula-
tion infarct, where MoCA scores were lower (18.5; 13–24).

Baseline Cognition
Using Spearman correlation, there were significant asso-
ciations between total MoCA score at 3 months and both 
NIH Cog-4 (r=−0.34; P<0.001) and NIH Cog-2 (r=−0.33; 
P<0.001) at baseline. Interestingly, the full NIHSS at baseline 
had a weaker correlation with the MoCA (r=−0.28; P<0.001). 
The baseline Star Cancellation test was linked to 3-month 
cognition, with those unable to complete the test scoring 
lower on MoCA (n=259; median, 19; IQR, 13.5–24) than 
those able to complete it (n=926; median, 24; IQR, 20–27; 

Mann-Whitney U test, 74 329; P<0.001). In those who com-
pleted Star Cancellation, those with neglect (score <51/54) 
had lower MoCA scores (n=238; median, 22; IQR, 17–25) 
than those without neglect (n=692; median, 24; IQR, 21–27; 
Mann-Whitney U test, 59 658; P<0.001).

Mood and Quality of Life at 3 Months
Using the depression subscale of the Irritability, Depression, 
and Anxiety, 34% of participants had borderline depressive 
symptoms (4–6), with a further 25% having morbid depres-
sion (7+). Depression was correlated with poorer cognition 
(r=−0.15; P<0.001), and this finding was similar when using 
bootstrapped multivariable median regression (β coeffi-
cient, −0.20; 95% CI, −0.32 to −0.09; P<0.001). Using the 
anxiety subscale, 22% of participants had borderline anxiety 

Figure 2. Distribution of 3-month Montreal Cognitive Assessment (MoCA) total scores in intervention (n=595) and usual care (n=594) groups; participants with 
complete MoCA data.

Table 2. Raw Score and Percentage of Possible Score for all MoCA Subsections in Participants With Complete MoCA 
Data (n=1189)

 AVERT (n=1189) Pendlebury et al33 Data

Max. Mean (SD) Score Mean (SD), % Mean (SD) Score Mean (SD), %

Visuo-executive 5 3.1 (1.4) 61 (29) 3.4 (1.4) 68 (27)

Naming 3 2.7 (0.6) 91 (20) 2.7 (0.6) 91 (18)

Digit span 2 1.6 (0.6) 82 (31) 1.8 (0.5) 88 (25)

Letter tapping 1 0.7 (0.4) 74 (44) 0.7 (0.5) 71 (45)

Subtract 7s 3 2.1 (1.1) 71 (36) 2.4 (0.9) 80 (31)

Sentence repetition 2 1.4 (0.8) 68 (41) 1.4 (0.8) 67 (38)

Verbal fluency 1 0.5 (0.5) 47 (50) 0.6 (0.5) 55 (50)

Abstraction 2 1.4 (0.8) 72 (39) 1.3 (0.8) 64 (39)

Recall 5 2.3 (1.7) 46 (34) 2.3 (1.6) 46 (32)

Orientation 6 5.3 (1.4) 88 (23) 5.5 (1.0) 92 (16)

Comparison data are provided from the study of Pendlebury et al33 in a vascular sample at 6 months postevent 
(n=129 stroke, n=124 transient ischemic attack). AVERT indicates A Very Early Rehabilitation Trial; and MoCA, 
Montreal Cognitive Assessment.
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symptoms (6–8), with a further 11% having morbid anxiety 
(9+). Anxiety was correlated with poorer cognition (r=−0.13; 
P<0.001); the finding was similar when using multivariable 
regression (β coefficient, −0.19; 95% CI, −0.28 to −0.11; 
P<0.001). Higher quality of life on the Assessment of Quality 
of Life was correlated with better cognition (r=0.36; P<0.001), 
a finding that was also evident in regression (β coefficient, 
3.76; 95% CI, 2.84 to 4.68; P<0.001; Figure 3).

Living Arrangement and Employment
Sixty-one participants (5%) were living in a nursing home 
or hostel at 3 months. Multivariable logistic regression indi-
cated that lower MoCA score was associated with living in an 
institution at 3 months (odds ratio, 0.93; 95% CI, 0.89–0.97; 
P=0.001). In participants who were working before stroke, 
higher 3-month MoCA score was associated with having 
returned to work at 3 months (odds ratio, 1.08; 95% CI, 1.02–
1.15; P=0.007).

Education
In accordance with recommended MoCA scoring guidelines, 
we added 1 point for those with ≤12 years of education. Even 

after this adjustment, participants who had completed a uni-
versity degree had the highest MoCA scores (n=131; median, 
25; IQR, 23–28), followed by those who had finished high 
school (n=368; median, 23; IQR, 19–27) or with other trade, 
diploma, or vocational training (n=339; median, 24; IQR, 
19–26), with those who did not finish high school having the 
lowest scores (n=311; median, 21; IQR, 16–25).

Discussion
We did not detect a difference between intervention and control 
groups in 3-month cognitive outcome. The lack of group differ-
ence was present irrespective of whether deaths were assigned 
a score of zero or were removed from analysis. Cognitive 
impairment was prevalent in both groups—69% in intervention 
and 71% in usual care at a MoCA cutoff of 25/26—although 
lower than the 85% reported previously.24 At the 23/24 cutoff, 
prevalence of cognitive impairment was 52% in both groups. 
This means that, even using a conservative cutoff and restrict-
ing the sample to those able to complete the MoCA (milder 
than the full AVERT cohort), the majority of stroke survivors 
had difficulties with cognition that could impact their everyday 
lives. It is intriguing that the AVERT intervention had a nega-
tive effect on modified Rankin Scale, but not on MoCA, at 3 
months poststroke. The modified Rankin Scale is focussed on 
functional independence, with an emphasis on walking. Early 
and more frequent mobilization seems to reduce the capacity 
for recovery in terms of mobility and functional capacity, with-
out affecting cognition. This pattern of results suggests that the 
intervention has deleterious effects on physical and motor fac-
tors, such as muscle strength, balance, and coordination, but no 
observable impact on cognitive factors, such as concentration, 
executive function, and memory.

Given the lack of group difference in cognition, we pooled 
intervention and control participants together to consider 
performance on the MoCA subsections. Overall, the profile 
matched previous reports33: naming and orientation items were 
the best performed, whereas the verbal fluency and delayed 
recall items were the most difficult. This pooled cohort was also 
used to investigate associates of cognitive function. The finding 
of a relationship between poorer cognition and previous stroke 
(either symptomatic or identified on imaging) has precedent. 
Recurrent stroke has been strongly associated with the likeli-
hood of dementia.1 The link to diabetes mellitus has also been 
demonstrated previously, with diabetes mellitus independently 
associated with cognitive impairment in ischemic stroke survi-
vors.35 We identified significant correlations between 3-month 
MoCA and baseline cognition, as reflected by the NIH Cog-4 
and Cog-2 scores. Thus, our previous indirect evidence that the 
cognition-related NIHSS items are meaningful indicators of 
cognitive function in large groups18 gained more direct support.

Although the link between cognitive impairment and 
depression is well established in the general population, it has 
not been widely investigated in stroke. In 1 previous study of 
106 ischemic stroke survivors that included neuropsychologi-
cal testing and a psychiatric diagnosis, the investigators found 
an association between depression and cognition, particularly 
in the domains of memory, nonverbal problem solving, and 
attention.36 Our data revealed significant negative associations 
between cognition and both depression and anxiety, but the 

Table 3. Association Between Risk Factors and Cognition: Individual 
Bootstrapped Median Regression Analyses, With MoCA as Dependent Variable 
and Age and Stroke Severity (NIHSS) as Covariates

 β Coefficient 95% CI P Value

Hypertension −0.38 −1.15 to 0.39 0.33

Diabetes mellitus −1.02 −2.04 to 0.00 0.05

Cholesterol −0.36 −1.16 to 0.44 0.38

Atrial fibrillation 0.15 −1.09 to 1.40 0.81

Ischemic heart disease −0.79 −1.81 to 0.22 0.13

Previous stroke 
(symptomatic)

−1.72 −2.73 to −0.71 0.001

Previous stroke (on 
imaging)

−1.42 −2.26 to −0.57 0.024

MoCA indicates Montreal Cognitive Assessment; and NIHSS, National 
Institutes of Health Stroke Scale.

Figure 3. Boxplots of 3-month Assessment of Quality of Life (AQoL) score 
across the 4 Montreal Cognitive Assessment (MoCA) quartiles: Q1 ≤18 
(n=290), Q2 19 to 23 (n=325), Q3 24 to 26 (n=297), and Q4 ≥27 (n=270).
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correlations were weak (r<0.20). A moderate positive asso-
ciation was found between cognition and quality of life, con-
firming our previous finding from a smaller sample.37 There 
are multiple threads that can help explain the negative effects 
of cognitive deficits on quality of life. Our results indicate 
that participants with poorer cognitive function were more 
likely to be living in an institution, matching an earlier find-
ing.5 We know stroke survivors with cognitive impairment are 
more dependent on personal assistance for everyday activi-
ties, with costs of care having major resource implications for 
the broader society.38 In the group who were working before 
stroke, those with better 3-month cognitive function were sig-
nificantly more likely to have returned to work.

A limitation of this work is the nonrandom nature of the 
missing MoCA data. As a result of broad inclusion crite-
ria and multiple recruitment sites across the world, the full 
AVERT cohort was typical of the inpatient stroke population, 
and thus the primary outcome findings have wide generalis-
ability. The same is not true of the AVERT subsample with 
3-month cognitive results. Although some data were missing-
at-random (assessed before the MoCA’s introduction to the 
trial, telephone follow-up), other data were not (incomplete 
MoCA data, deaths). The research literature on poststroke 
cognition is beset by structural selection biases that result in 
samples that are atypically mild in terms of neurological, lin-
guistic, and cognitive deficits.2,3 Most cognitive assessments, 
the MoCA included, are strongly reliant on both receptive and 
expressive language skills, and stroke survivors with aphasia 
or with a non-English speaking background are more likely to 
have missing data. These biases are unlikely to have affected 
the group comparison, but do impact on overall cognitive out-
comes. The addition of a point for people with ≤12 years of 
education was the blunt but clinically pragmatic suggestion 
built into the original MoCA22; our data indicate that this addi-
tional point was insufficient to fully adjust for the effect of 
education. Finally, a full neuropsychological evaluation would 
have provided a more sensitive measure of cognitive impair-
ment than the MoCA. This was not feasible in the AVERT 
context, given the already lengthy clinical assessments and 
detailed health economic evaluation at 3-month follow-up.

AVERT is the largest stroke rehabilitation trial ever 
conducted, and complete cognitive data were available at 3 
months poststroke for 1189 participants. Results indicate that 
exposure to early and more frequent mobilization after stroke 
did not affect cognitive outcome.
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