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Long-term disability after lacunar stroke
Secondary prevention of small subcortical strokes

ABSTRACT

Objectives: To determine whether vascular and demographic factors predict worsening disability
up to 8 years after lacunar stroke.

Methods: SPS3 (Secondary Prevention of Small Subcortical Strokes) was a clinical trial in lacunar
stroke patients with annual assessment of disability using the Older Americans Resources and
Survey instrumental activities of daily living (IADL) scale (range 0–14). Generalized estimating
equations modeled the likelihood of disability (IADL ,14) over time, adjusting for demographics,
medical risk factors, cognition, mood, stroke location, and geographic region in univariate and
multivariable models. IADL assessments after recurrent stroke were censored. We stratified by
study region and age quartile.

Results: Among 2,820 participants, mean age was 63.4 years (SD 10.8), 63% were male, 36%
had diabetes, 90% hypertension, and 10% prior stroke. Mean follow-up was 3.7 years. In multi-
variable models, female sex, education, diabetes, nonregular alcohol use, prior stroke, Cognitive
Abilities Screening Instrument score, depression, mild cognitive impairment, and stroke location
were associated with disability. The youngest age quartile had decreased odds of disability over
time (odds ratio 0.90 per year, 95% confidence interval 0.85–0.95), whereas the oldest age
quartile had increased odds (2.20, 95% confidence interval 1.75–2.75). Americans and Latin
Americans had .2-fold greater odds of disability per year compared with Spaniards (p ,

0.0001).

Conclusions: In lacunar stroke patients, older age was associated with worsening long-term dis-
ability, even without recurrence. Worse long-term function was associated with diabetes, cogni-
tive status, and prior stroke, and regional differences may be attributable to variations in health
care delivery or scale interpretation. Neurology® 2015;84:1002–1008

GLOSSARY
CASI 5 Cognitive Abilities Screening Instrument; CI 5 confidence interval; DSM 5 Diagnostic and Statistical Manual of
Mental Disorders; IADL5 instrumental activities of daily living;MCI 5mild cognitive impairment; OR 5 odds ratio; PHQ-9 5
Patient Health Questionnaire, 9-item; QOL 5 quality of life; SPS3 5 Secondary Prevention of Small Subcortical Strokes.

The course of disability after the initial 3- to 6-month recovery period after stroke is not well
characterized because of short-term follow-up and single measurements of disability.1–6 There
is a great need to examine patient-centered outcomes such as disability after stroke, because an
exclusive focus on event-based outcomes such as mortality or vascular events may underestimate
stroke burden.

In a prior study, there was a steeper decline among those with lower compared with higher
socioeconomic status.7 However, all ischemic stroke subtypes were included (n 5 525), of
which only 135 were lacunar strokes. These small numbers limited the ability to model the
long-term disability course after lacunar stroke, which comprises about 25% of ischemic
stroke8,9 and typically occurs at younger ages compared with other stroke subtypes.10
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The Secondary Prevention of Small Subcor-
tical Strokes (SPS3) Study provides a large
phenotypically pure sample of MRI-verified
lacunar strokes ideal for characterizing the tra-
jectory of long-term prognosis, up to 8 years
after stroke. In a prior analysis of quality of life
(QOL) in SPS3,11 we found a slight annual
increase in QOL overall, and age, level of edu-
cation, and prior stroke were associated with
changes in QOL over time. SPS3 also col-
lected data on disability at multiple follow-
up time points. Herein, we describe the course
of disability after lacunar stroke and identify
risk factors associated with worse outcomes.
We hypothesized that vascular risk factors

predict lower function and that there is an
ongoing decline in function after lacunar
stroke.

METHODS The SPS3 Study was a randomized, multicenter

clinical trial among lacunar stroke patients, testing different anti-

platelet regimens and different antihypertensive treatment targets

and with annual assessments of disability. Details of the study

design and results of both intervention arms have been published

elsewhere.10,12,13 Subjects were eligible if they had “a clinical lacu-

nar stroke syndrome or subcortical transient ischemic attack

(TIA) in the 6 months before enrollment with confirmation by

MRI, no clinical or radiological evidence of cortical involvement,

and no surgically amenable ipsilateral carotid artery disease or

major-risk cardioembolic sources.”14 Lacunar stroke was defined

as 1 of 13 syndromes modified from Fisher criteria.10 Patients

were randomized, factorially, to 1 of 2 antiplatelet interventions

and 1 of 2 target levels of blood pressure control. We included all

SPS3 participants with $1 follow-up poststroke, reflecting up to

8 years of follow-up.

Standard protocol approvals, registrations, and patient
consents. The SPS3 Study was approved by the institutional

review boards of all participating centers, and all patients provided

written informed consent. The clinical trial registration identifier

was NCT00059306 (http://www.clinicaltrials.gov).

Baseline assessment. Demographics, behavioral risk factors, and

medical history before the qualifying stroke were collected. Race

and ethnicity were determined by self-report, modeled after the

2000 US Census. Participants from Spain were categorized as

non-Hispanic white and those from Latin America as Hispanic.10

History of hypertension was defined by $1 of the following:

(1) hypertension recorded in medical records for $1 year, (2)

medical record or self-reported use of $1 antihypertensive med-

ication and/or adjustment to achieve blood pressure control, and

(3) elevated blood pressure sustained for $3 months. History of

diabetes was defined by self-reported history, chronic fasting

serum glucose elevation .120 mg/dL, or chronic requirement

for hypoglycemic medication. Coronary artery disease was

defined as history of myocardial infarction, angina, revasculariza-

tion procedure, or heart failure. Hyperlipidemia was defined as

current treatment with lipid-lowering medication or laboratory

data confirming fasting hyperlipidemia.15 Before entry, patients

were screened for cognitive dysfunction with the Mini-Mental

State Examination,16 and patients with scores 2 SDs below the

mean for age and education were excluded. An SPS3-certified

examiner administered blinded, detailed neuropsychological test-

ing including tests for episodic memory, visuoconstruction, per-

ceptual speed, motor dexterity, verbal fluency, attention, and

executive functioning, as detailed in previous publications.17 Mild

cognitive impairment (MCI) was determined to be present when

one had a z score of 21.5 or less in $1 test domain.17 A stan-

dardized neurologic examination was performed, and the modi-

fied Rankin score was assessed.

MRI of the brain, ECG, echocardiography, and standard lab-

oratory blood tests were performed on all patients. Stroke location

was defined as thalamus (referent group), basal ganglia/internal

capsule, corona radiata/centrum semiovale, or brainstem (pons/

medulla/midbrain/cerebellum), as in previous publications.18

Imaging of the cervical and intracranial arteries was performed

with magnetic resonance or CT angiography.

Prospective follow-up. All participants were seen monthly for

the first 3 months after enrollment and then every 3 months. After

Table 1 Baseline characteristics of study population

No. of participants (%) 2,820 (100)

Demographics

Age, y, mean (SD) 63.4 (10.8)

Male, n (%) 1,773 (63)

Non-Hispanic white, n (%) 1,432 (51)

African American, n (%) 408 (15)

Hispanic, n (%) 900 (32)

Other race, n (%) 80 (3)

Any college education, n (%) 1,002 (36)

Marital status, married (out of n 5 2,237), n (%) 1,446 (65)

Body mass index, kg/m2, mean (SD) 29.1 (6.1)

Risk factors,a n (%)

Regular alcohol use 810 (29)

Current smoking 567 (20)

Hypertension 2,525 (90)

Diabetes mellitus 1,013 (36)

History of coronary artery disease 290 (10)

Prior stroke 275 (10)

Location of stroke, n (%)

Thalamus 636 (23)

Basal ganglia/internal capsule 781 (28)

Corona radiata/centrum semiovale 673 (24)

Pons/medulla/midbrain/cerebellum 728 (26)

Functional statusa

CASI z score, mean (SD) 20.57 (1.42)

Modified Rankin score >1, n (%) 929 (33)

Barthel Index score, mean (SD) 95 (9.8)

Mild cognitive impairment, n (%) (no. missing 102) 1,207 (44)

Time since qualifying event, d (SD) 172 (51)

Abbreviation: CASI 5 Cognitive Abilities Screening Instrument.
a As defined in text.

Neurology 84 March 10, 2015 1003

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://www.clinicaltrials.gov


July 2004, at 3 months after enrollment, at 1 year, and annually

thereafter up to 8 years, disability was assessed with the Older

Americans Resources and Services instrumental activities of daily

living (IADL) scale.19 Since recruitment occurred over an 8-year

period, there was a range of follow-up time; the average number of

IADL assessments was 3.9 (SD 1.9), and the average follow-up time

in SPS3 as a whole was 3.7 (SD 2.0) years. The IADL scale comprises

7 activities (using the telephone, getting to places out of walking

distance, shopping, meal preparation, housework, medication, and

paying bills) on which an individual’s performance ability is scored

on a 3-level scale (unable 5 0; with some help 5 1; without

help 5 2). The overall score is an unweighted sum of scores on

individual items, with a range of 0 to 14, with 14 signifying no

deficits in IADLs. Because of a skewed score distribution, the IADL

scale was dichotomized into no disability (14) vs disability (,14).

Depression was assessed at 3 months with the 9-item Patient

Health Questionnaire (PHQ-9),20 a scale that assesses the 9 DSM
depression criteria. If $2 of 9 symptoms were present more than

half of the days, including the anhedonia or depressed mood item,

depression was defined as present.18

Statistical analysis. Descriptive means and SDs were calculated

for continuous variables and proportions for categorical variables,

and median and quartiles were additionally calculated for IADL

scores. We fit generalized estimating equations models with a

compound symmetric covariance structure to estimate odds ratios

(ORs) for which factors were associated with any disability (IADL

score ,14), both on average and over time. There were no in-

teractions between antiplatelet treatment assignment and time

(p value 0.36) and no interactions between blood pressure treat-

ment assignment and time (p value 0.77). Hence, since there was

no effect of treatment assignment on disability for either arm, all

analyses were performed in the entire enrolled cohort.

We assessed whether variables were associated with trends in

disability over time, represented as interactions between each var-

iable and time. We first fit univariable models, then individual

models of interactions with time without multivariable adjust-

ment. We then fit a multivariable model that included each of

the baseline factors associated with disability, as well as significant

interactions from univariate models. Nonsignificant terms were

then removed one-by-one (beginning with the least significant)

until all remaining terms were statistically significant. The final

model excluded nonsignificant interactions with time and nonsig-

nificant main effects. All statistical tests were 2-sided, and analyses

were performed using SAS, version 9.3 (Cary, NC).

Time was treated as a continuous variable, since it had linear

properties in the data. Functional assessments in the first

6 months after stroke were not included in the analysis, since

our interest was in the long-term course of disability. Models were

run both with and without censoring of recurrent stroke events

occurring during follow-up, and results were similar; the uncen-

sored models are presented here.

Covariates measured at baseline were chosen based on epide-

miologic relevance and included demographics (age at qualifying

stroke, sex, race/ethnicity [non-Hispanic white, Hispanic, African

American, and other], education [any college vs other], marital

status), medical risk factors (diabetes, hypertension, tobacco use

[current smoker vs no smoking], regular alcohol use, and coro-

nary artery disease [myocardial infarction, angina, congestive

heart failure, coronary artery bypass grafting/percutaneous trans-

luminal coronary angioplasty/coronary stent]), body mass index,

stroke prior to qualifying event, baseline age-, race-, and

education-adjusted z score on the Cognitive Abilities Screening

Instrument (CASI), stroke location, MCI, and baseline modified

Rankin Scale score. We also included the time between the qual-

ifying event and the measurement of the first IADL (time since

qualifying stroke). The correlations among the parameters in our

final model were typically less than 0.10, and none were larger

than 0.5, reducing concern about collinearity.

Because of 2-way interactions between time and age, in a sec-

ondary analysis, we fit models stratified by age quartile (,55.5,

55.5–63.0, 63.0–72.0, and.72.0 years). Because of interactions

between region and time, stratified models were also fit by geo-

graphic region (North America, Spain, and Latin America).

RESULTS A flowchart of overall trial participation
and completion has been previously published.12

Baseline characteristics of the 2,820 participants
with$1 IADL measurement, who formed the cohort
for these analyses, are summarized in table 1. At least
3 IADL assessments were available for 1,956 partic-
ipants, and mean follow-up was 3.7 (SD 2.0) years.
At 3 months after enrollment, mean IADL score was
12.5 (SD 2.5, interquartile range 12–14), with 43%
being disabled (figure).

In univariate analysis, male sex, white race, any
college education, married status, current smoking,
and regular alcohol use were associated with a
decreased odds of disability, whereas vascular risk fac-
tors (diabetes, hypertension, coronary artery disease,
prior stroke, higher body mass index, and depression)
were associated with an increased odds of disability.
There was significant heterogeneity by region, and
the odds of disability was lowest among those in
Spain (OR 0.5, 95% confidence interval [CI] 0.4–
0.6), followed by those in North America (reference
category), and then those in Latin America (2.3, 2.0–
2.7). Brainstem stroke location was associated with
the highest odds of disability. A higher baseline

Figure Distribution of instrumental activities of daily living (IADL) scores at
3 months

1004 Neurology 84 March 10, 2015

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



Rankin score, lower CASI score, and MCI were sig-
nificantly associated with increased odds of disability.
Significant interactions were observed between time
and age, smoking status, geographic region, and
depression, indicating that each of these factors was
associated with a decline in function over time.

Table 2 presents the results of the multivariable
model incorporating significant predictors of baseline
disability and of change in function over time. Female
sex, lower education, diabetes, nonregular alcohol use,
prior stroke, CASI score, depression, MCI, and stroke
location were associated with baseline disability.

The youngest age quartile had decreased odds of
disability over time (OR 0.90 per year, 95% CI
0.85–0.95), whereas the oldest age quartile had
increased odds of disability over time relative to the
youngest (2.20, 1.75–2.75). There was heterogeneity
by region (p for interaction ,0.0001): Americans and
Latin Americans had$2-fold greater odds of disability
per year compared with Spaniards. No other factors
were associated with a decline in function over time.

In age-stratified analyses, the impact of diabetes on
average disability was higher in the lowest age quartile
(OR 1.66, 95% CI 1.22–2.24) compared with the
highest age quartile (1.35, 0.98–1.87, table 3). The
impact of CASI score was consistent and significant
in all age quartiles, and the impact of depression was
highest in the youngest age quartile but was signifi-
cant at all ages.

DISCUSSION In this clinical trial of lacunar stroke
patients, we found high average functional scores, re-
flecting relatively mild disability compared with prior
studies among all stroke subtypes.7,21,22 However, loss
of $1 IADL was common, occurring in 43% of
patients at 3 months after enrollment and 38% at
1 year. Lacunar strokes are caused by occlusion of
small penetrator arteries in the deep structures of
the brain, including the brainstem and basal ganglia.23

The types of vessels involved and the anatomy of
injury lead generally to milder deficits that have,
on average, favorable recovery. However, the

Table 2 Multivariable model of predictors of disability (IADL score <14)a

Variable OR 95% CI p Value

Predictors of baseline IADL score

Male 0.60 0.52–0.70 ,0.0001

Education (any college) 0.81 0.69–0.95 0.01

Diabetes 1.58 1.35–1.84 ,0.0001

Regular alcohol use 0.65 0.55–0.77 ,0.0001

Prior stroke 1.40 1.12–1.76 0.005

CASI z score, per point 0.77 0.73–0.82 ,0.0001

Depression 2.03 1.70–2.44 ,0.0001

Mild cognitive impairment 1.28 1.09–1.50 0.002

Location 0.01

Thalamus Ref.

Basal ganglia/internal capsule 1.23 1.09–1.51

Corona radiata/centrum semiovale 1.19 0.97–1.47

Pons/medulla/midbrain/cerebellum 1.41 1.15–1.73

Predictors of change in IADL score <14 over time

Baseline age over time (given constant region) ,0.0001

1st age quartile per year increase in time 0.90 0.85–0.95

2nd age quartile, relative to 1st for a year increase 1.14 0.91–1.43

3rd age quartile, relative to 1st for a year increase 1.10 0.88–1.37

4th age quartile, relative to 1st for a year increase 2.20 1.75–2.75

Region over time (given constant age) ,0.0001

US per year increase in time 0.90 0.85–0.95

Spain, relative to US for a year increase in time 0.45 0.34–0.60

Latin America relative to US for a year increase in time 1.83 1.52–2.22

Abbreviations: CASI5 Cognitive Abilities Screening Instrument; CI5 confidence interval; IADL5 instrumental activities of
daily living; OR 5 odds ratio; Ref. 5 reference; US 5 United States.
aAll variables are defined in text.
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accumulation of lacunar infarcts and white matter
disease over time has been associated with subtle
motor and cognitive deficits.24 Cognitive function is
closely linked to IADLs, which, compared with activ-
ities of daily living, are higher-level functional
activities that require executive functioning and
memory as well as motor and ambulatory abilities.
In this study, MCI was prevalent and was associated
with worse overall function, and there was a strong
link between CASI score and function in all age
quartiles.

We found that vascular risk factors and depression
were associated with greater disability in fully
adjusted models. Factors such as diabetes and smok-
ing may cause subclinical or clinical vascular events
such as myocardial infarction or stroke,25,26 or may
cause nonvascular conditions that affect disability,
such as diabetic neuropathy. Depression has been
previously linked to disability and vascular events.27

It is thought that depression not only causes
decreased motivation, self-care, and social participa-
tion, but also is associated with inflammatory states,
metabolic changes, and autonomic dysregulation that
may lead to neurologic deficits that affect function.
Stroke location in the basal ganglia, internal capsule,
and posterior circulation structures was associated
with greater disability than thalamic location, which
is expected considering the isolated sensory loss typ-
ical of thalamic strokes compared with other loca-
tions, which involve greater motor disability and
functional impairment.

A large hospital-based study conducted in
Taiwan28 used semiparametric extrapolation methods
to estimate the duration of disability after different
stroke subtypes. The duration of severe physical func-
tional disability was least among lacunar stroke pa-
tients compared with other subtypes, but starting
around 5 years after stroke, there was a steady increase
in estimated disability among lacunar stroke patients.
In the Oxford Vascular Study registry, among 618
index ischemic stroke cases, 40% of survivors had
modified Rankin scores .2 at 5 years, but subtype-
specific data were unavailable.29 In the Atherosclerosis

Risk in Communities Study,30 among 987 first
strokes (183 lacunar) with a median 5.3 years of
follow-up, survival was highest for lacunar infarcts
(90.5%) and all-cause readmission was the lowest
(41.2%) compared with other stroke subtypes.

We found that several factors were associated with
a downward slope in functional trajectory over time,
particularly prior stroke, which had a significant effect
on functional change among all age quartiles. There
are several possible mechanisms by which multiple
strokes may cause decline in function over time. There
could be an accumulation of deficits in gait, conti-
nence, and cognition. Stroke recurrence may reflect
worse control of risk factors that could result not only
in clinical strokes but also subclinical infarcts, which
are prevalent,25 cause cognitive impairment,26,31 and
would likely worsen function. Alternatively, ischemic
stroke may lead to ongoing nonischemic damage in
surrounding brain regions due to changes in inflam-
matory profiles32,33 that may persist years after
stroke.34 Such changes may promote neurodegenera-
tion or impair recovery mechanisms that would accel-
erate loss of function.

We also found heterogeneity in function by
region: Americans and Latin Americans had $2-
fold greater odds of disability per year compared with
Spaniards. Regional differences may have been attrib-
utable to geographic variations in health care delivery
or scale interpretation. A prior study among 30 stroke
centers in Spain showed a lower than expected stroke
recurrence rate of uncertain cause.35 Among
Spaniards aged 75 years or older, there is a high prev-
alence of disability that is related to medical and social
factors,36 and the results here may reflect the younger
age of the cohort.

There are several weaknesses of this study. As a
post hoc analysis of a clinical trial, the results of this
study may not be generalizable to other populations,
since these trial participants received regular medical
care and study medication. Also, we did not perform
cross-validation of the models in a different cohort,
and further study in other populations would assess
for consistency of these results. Also, the multicenter

Table 3 Multivariable model of predictors of disability (IADL score <14) stratified by age quartilea

Variable

<55.5 y 55.5–63.0 y 63.0–72.0 y >72.0 y

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Diabetes 1.66 (1.22–2.24) 0.001 1.89 (1.42–2.52) ,0.0001 1.37 (1.00–1.87) 0.055 1.35 (0.98–1.87) 0.066

Prior stroke 1.03 (0.64–1.66) 0.91 2.39 (1.52–3.75) 0.006 1.34 (0.89–2.02) 0.17 1.13 (0.69–1.86) 0.62

CASI z score, per point 0.73 (0.65–0.83) ,0.0001 0.81 (0.72–0.91) 0.0007 0.74 (0.66–0.83) ,0.0001 0.78 (0.69–0.88) ,0.0001

Depression 2.73 (1.96–3.82) ,0.0001 1.44 (1.03–2.01) 0.035 2.27 (1.49–3.46) 0.0003 2.04 (1.37–3.05) 0.0004

Abbreviations: CASI 5 Cognitive Abilities Screening Instrument; CI 5 confidence interval; IADL 5 instrumental activities of daily living; OR 5 odds ratio.
aModel additionally adjusted for sex, education, alcohol use, mild cognitive impairment, location of index event, region and time interaction.
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design of the study allows for greater generalization of
results but may have introduced geographic con-
founders of the relationships we observed.

This study highlights the need to examine patient-
centered outcomes such as disability, because an
exclusive focus on event-based outcomes such as mor-
tality or vascular events may underestimate the bur-
den of stroke, especially over the long term. Also,
we found that multiple strokes had an independent
effect on decline in function, suggesting that prevent-
ing recurrent stroke may prevent not only discrete
vascular events but also improve an individual’s func-
tion over the long term. The use of patient-centered
outcomes highlights the fact that treating stroke
should not be focused solely on preventing events,
but also maximizing functional status. Furthermore,
targeting vascular risk factors such as diabetes and
mood disorders such as depression after lacunar stroke
may have a long-term effect not only on vascular
events but also functional status. Further study is
needed in lacunar stroke patients to better define
the relationships among vascular risk factors, cogni-
tive and mood disorders, and long-term functional
status.
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