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Quality of life declines after first

ischemic stroke

The Northern Manhattan Study
A~ [

ABSTRACT

Objectives: Quality of life (QOL) after stroke is poorly characterized. We sought to determine
long-term natural history and predictors of QOL among first ischemic stroke survivors without
stroke recurrence or myocardial infarction (Ml).

Methods: In the population-based, multiethnic Northern Manhattan Study, QOL was prospectively
assessed at 6 months and annually for 5 years using the Spitzer QOL index (QLI), a 10-point
scale. Functional status was assessed using the Barthel Index (Bl) at regular intervals, and cogni-
tion using the Mini-Mental State Examination at 1 year. Generalized estimating equations esti-
mated the association between patient characteristics and repeated QOL measures over 5 years.
Follow-up was censored at death, recurrent stroke, or MI.

Results: There were 525 incident ischemic stroke patients =40 years (mean age 68.6 = 12.4
years). QLI declined after stroke (annual change —0.10, 95% confidence interval —0.17 to
—0.04), after adjusting for age, sex, race-ethnicity, education, insurance, depressed mood, stroke
severity, bladder continence, and stroke laterality. This decline remained when Bl =95 was added
to the model as a time-dependent covariate, and functional status also predicted QLI. Changes in
QLI over time differed by insurance status (p for interaction = 0.0017), with a decline for those
with Medicaid/no insurance (p < 0.0001) but not Medicare/private insurance (p = 0.98).

Conclusions: In this population-based study, QOL declined annually up to 5 years after stroke
among survivors free of recurrence or Ml and independently of other risk factors. QLI declined
more among Medicaid patients and was associated with age, mood, stroke severity, urinary incon-
tinence, functional status, cognition, and stroke laterality. Neurology® 2010;75:328-334

GLOSSARY

Bl = Barthel Index; CAD = coronary artery disease; CHF = congestive heart failure; Cl = confidence interval; CUMC =
Columbia University Medical Center; DM = diabetes mellitus; GEE = generalized estimating equation; HTN = hypertension;
MI = myocardial infarction; MMSE = Mini-Mental State Examination; NIHSS = NIH Stroke Scale; NOMAS = Northern Man-
hattan Study; QOL = quality of life; QLI = quality of life index.

Stroke causes a significant decrease in quality of life (QOL), even among those who have no
poststroke disability.! Prior studies examining QOL in stroke survivors have been limited by
hospitalized samples,? cross-sectional design,® small sample sizes,? and samples with both hem-
orrhagic and ischemic strokes."*%> Longitudinal studies have been limited by short follow-up
and enrollment of patients in different stages of early poststroke recovery. Few long-term
population-based studies have systematically examined QOL after stroke. Those studies have
been limited by few follow-up assessments>® and significant loss to follow-up.” No study, to
our knowledge, has censored recurrent vascular events, and the natural history and determi-
nants of long-term QOL after a single ischemic stroke are not known. Finally, the effect of
access to health care on long-term QOL after stroke is not well-characterized.”
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We sought, in a prospective, population-
based, multiethnic, urban stroke cohort
study, to determine the long-term natural his-
tory and predictors of QOL among partici-
pants who experienced a first ischemic stroke.
Our prior research provided evidence that dis-
ability increased over time after stroke inde-
pendently of recurrence.® We hypothesized
that ischemic stroke patients would similarly
experience decline in QOL over 5 years inde-
pendent of recurrent stroke and other risk fac-
tors. Since validated stroke-specific QOL scales
were not available at the time of the design of
this study, we used a validated generic QOL
scale, the Spitzer QLI,® which has been used ex-

tensively in prior research in various diseases.'*'?

METHODS The Northern Manhattan Study (NOMAS) in-
cludes a population-based incident ischemic stroke follow-up
study designed to determine predictors of stroke recurrence and
prognosis in a multiethnic, urban population consisting of 63%
Hispanic, 20% black, and 15% white residents.!>'

Selection of NOMAS cohort. Methods of patient identifica-
tion and enrollment have been described.”'¢ Briefly, patients
were enrolled if they were 1) diagnosed with a first ischemic
stroke, 2) age =40 years, and 3) resident in Northern Manhattan
for =3 months in a household with a telephone. Case ascertain-
ment occurred between July 1993 and June 1997, and assess-
ments were completed in August 2001. Over 80% of patients
with acute ischemic stroke in northern Manhattan are hospital-
ized at Columbia University Medical Center (CUMC). Subjects
hospitalized at other local hospitals were identified through ac-
tive surveillance of admissions to those hospitals and through
agreements with local physicians. Approximately 5% of incident
ischemic stroke patients in northern Manhattan were not hospi-
talized but were also included.’'® Evaluation of patients oc-
curred at the hospital; those subjects either not hospitalized or
hospitalized elsewhere were evaluated in the outpatient research
clinic. Among participants not hospitalized at CUMC, only
those with an initial evaluation and standardized neurologic ex-
amination within 20 days of first stroke were included in analy-
ses involving the NTH Stroke Scale (NIHSS).

Standard protocol approvals, registrations, and patient
consents. The CUMC Institutional Review Board approved
the study. All participants gave written informed consent directly

or through a surrogate when appropriate.
g g pprop

Index evaluation of subjects. Data were collected through
interviews of the participant (or proxy, among those who could
not be interviewed) by trained research assistants in English or
Spanish (depending on the participant’s primary language), and
physical and neurologic examinations were conducted by study
neurologists, as previously described.!>!® Race-ethnicity was self-
identified. Standardized questions were adapted from the Behav-
ioral Risk Factor Surveillance System!” by the Centers for
Disease Control and Prevention to identify the following: hyper-
tension (HTN), diabetes mellitus (DM), hypercholesterolemia,
peripheral vascular disease, TIA, cigarette smoking, and cardiac
conditions such as myocardial infarction (MI), coronary artery

disease (CAD), angina, congestive heart failure (CHF), atrial fi-
brillation, other arrhythmias, and valvular heart disease. HTN
was defined as in prior publications,''® and DM was defined by
fasting blood glucose level =126 mg/dL, self-report of DM, or
insulin/oral hypoglycemic use. Presence or absence of urinary
incontinence within 7-10 days of the index stroke was deter-
mined. Depressed mood in the week prior to stroke was assessed
by a standardized questionnaire at enrollment. Physical activity
was assessed using a questionnaire'® adapted from the National
Health Interview Survey of the National Center for Health Sta-
tistics, and classified as light—-moderate and heavy, as previously
described.” Alcohol consumption was assessed as in previous
publications."

Stroke severity was assessed using the NIHSS score derived
from a standardized neurologic examination, and was catego-
rized as mild (NIHSS <6), moderate (NIHSS 6—13), and severe
(NTHSS =14). This categorization was based on previous analy-
ses of stroke severity in relation to stroke outcome from our
population and a clinical trial 2*?! Stroke diagnostic evaluation
included computerized tomography, brain MRI, or both; ultra-
sound evaluation, MRI, or both; vascular imaging; and echocar-
diography as appropriate. A consensus of stroke neurologists
assessed stroke subtype using modified Stroke Data Bank criteria
and all available information, as described in previous publica-
tions.?** Stroke neurologists also determined brain side of index

stroke, presence of aphasia, and parietal lobe dysfunction.

Follow-up and outcomes assessment. Follow-up evalua-
tions were conducted at 6 months, 1 year, 1.5 years, and then
annually to 5 years. Each evaluation was conducted at CUMC,
by telephone, or, for patients unable or unwilling to come to
CUMC, by an in-person home visit by a research staff member.
Evaluations were conducted with the patient, family member,
and caregiver if available. Information on vital status, QOL as
measured by QLI, and intercurrent symptoms, illness, or hospi-
talization was collected. In-person assessments additionally in-
cluded measurement of vital signs and physical and neurologic
examination.

The QLI is a 10-point scale, with higher numbers denoting
better QOL. The patient, family member, or health care pro-
vider rated the patient’s QOL in 5 domains—activity, daily liv-
ing, health, support, and outlook—assigning a score of 0, 1, or 2
in each domain. The QLI has previously been used in Spanish-
speaking populations. Of 2,526 total QLI assessments in this
study, 75% were assessed from the subject directly, and 52%
were assessed during in-person visits.

Functional status measured by the Barthel Index (BI) was
determined at all follow-up assessments; previous research dem-
onstrated the reliability of phone assessments of the B> Mini-
Mental State Examination (MMSE) was performed at 1-year
in-person assessments.>

An ongoing surveillance system of admissions to CUMC and
other local hospitals, described in a previous publication,' was
also used to identify study participants who experienced a clini-
cally evident recurrent stroke, MI, hospitalization, or death.
When available, medical records were reviewed for all outcome
events including death by a specially trained research assistant
and adjudicated by study neurologists or cardiologists, as

appropriate.

Statistical analyses. Statistical analyses were conducted using
SAS version 9.1.3 (SAS Institute, Cary, NC). For descriptive
purposes, means were calculated for continuous variables and

proportions for categorical variables. Follow-up was censored at
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the time of death, clinically evident recurrent stroke, or MI be-
cause of the anticipated adverse effect of these events on QOL.
QLI was analyzed first as a continuous variable. We used
generalized estimating equations (GEE) to assess the relationship
between several predictor variables, including time of follow-up
at regular intervals, with repeated measurements of QLI. GEE
models provided parameter estimates (8) and 95% confidence
intervals (95% CI) for the association between predictors and
QLI across 5 years of follow-up, after adjusting for baseline de-
mographic (age, sex, race/ethnicity, education level, marital sta-
tus, insurance status) and medical risk factors (HTN, coronary
artery disease or MI, DM, smoking, physical activity, alcohol
consumption), depressed mood, as well as relevant stroke charac-

[ Table1

Baseline chara

No. of participants (%)°

Demographics

Age at first stroke, y, mean (SD)

Male, n (%)

Received at least high school
education, n (%) (n = 513)

Marital status, n (%) married
Non-Hispanic white, n (%)
Non-Hispanic black, n (%)
Hispanic, n (%)

Other race, n (%)

Risk factors, n (%) (n = 524)

History of myocardial infarction

History of coronary artery disease

History of atrial fibrillation
History of peripheral arterial
Current smoking

Past smoking

Diabetes mellitus
Hypertension

Hypercholesterolemia

Depressed mood prior to stroke (n = 511)

cteristics of study population?

1

Stroke etiologic subtypes, n (%)

Atherosclerotic
Lacunar
Cardioembolic

Cryptogenic

Stroke severity, n (%) (n = 431)

NIHSS rating 0-5

NIHSS rating 6-13

NIHSS rating =14

Side of stroke, n (%) left (n =

Continent of urine 7-10
days after stroke (n = 481)

Insured with Insured
All Medicare or with Medicaid
participants private insurance or uninsured
525(100) 231 (45.3) 279(54.7)
68.6(12.4) 70.7(12.0) 66.9(12.7)
239(45.5) 110(21.6) 122(23.9)
169(32.9) 112(22.3) 54(10.7)
(n=517) 178(34.4) 87(17.1) 87(17.1)
85(16.2) 66 (12.9) 16 (3.1)
141 (26.9) 83(16.3) 54 (10.6)
287(54.7) 79(15.5) 201(39.4)
12(2.3) 3(0.6) 8(1.6)
87(16.6) 29(5.7) 54(10.6)
156 (29.7) 76(14.9) 92(18.0)
51(9.7) 28(5.5) 22(4.3)
disease 114 (21.8) 49(9.6) 62(12.2)
113(21.6) 44 (8.6) 65(12.8)
177(33.8) 84 (16.5) 89 (17.5)
236 (45.0) 92(18.0) 136 (26.7)
443(84.4) 193(37.8) 238(46.7)
277(52.8) 111(21.8) 156 (30.6)
160(31.3) 56(11.3) 100(20.1)
79(15.1) 32(6.3) 45(8.8)
135(25.7) 60(11.8) 71(13.9)
86 (16.4) 41(8.0) 42(8.2)
210 (40.0) 92(18.0) 112(22.0)
234 (54.6) 105(25.1) 123(29.4)
152(35.1) 62(14.8) 85(20.3)
45(10.3) 18(4.3) 26 (6.2)
520) 248(47.7) 92(18.2) 131(25.9)
342(71.1) 152(32.4) 184 (39.2)

Abbreviation: NIHSS = NIH Stroke Scale.
2 Definitions of risk factors and stroke characteristics in text.
P All percentages calculated with n = 525 unless otherwise noted.
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teristics (initial stroke severity, aphasia, parietal lobe dysfunction
including neglect, side of stroke, and presence of urinary incon-
tinence). As a working correlation structure we chose the ex-
changeable (intraclass) structure since it provided the best fit.
Final multivariate models were constructed in a backward step-
wise manner using those variables with p value <0.10. In a sep-
arate model, we additionally adjusted for functional status as a
time-dependent covariate, using categories of functional inde-
pendence (BI =95) and dependence (BI <95), as in our prior
analysis.® Insurance status was characterized as Medicare/private
insurance vs Medicaid/no insurance.

Subgroup analysis was conducted among those with BI =95
6 months after stroke to assess the course and predictors of QOL
among those deemed recovered after the acute phase. Among
this cohort, the effect of cognitive status was assessed by includ-
ing the 1-year MMSE in the multivariate model.

Preliminary graphs of QLI over time showed a decline for
those with Medicaid/no insurance. Interaction between time of
follow-up assessment and each variable in the final model (in-
cluding insurance) was therefore included in multivariate models
to assess whether change in QLI differed by insurance status. A
separate analysis with only self-reported QLI scores was con-
ducted to assess whether proxy responses produced any bias.

Time of follow-up assessment was analyzed as a continuous
variable as well as a discrete variable (at 1-, 1.5-, 2-, 3-, 4-, and
S5-year time points, with 0.5 year as reference). Analysis of dis-
crete time points assumed that the time trend was a flexible step
function allowed to change at each time point. A lack of linearity
test was conducted that allowed the time trend to take any func-
tional form; this test determined whether the fit of the model
was significantly improved over the linear model.

In order to assess the change in each domain of the QLI over
time, each of the 5 domains was analyzed in a separate multivar-
iate model, with time treated as a continuous variable and ad-
justed as above. The odds of having a maximum score (2 vs 0 or
1) was calculated for each domain. Tests for interactions between

time to follow-up and other covariates were performed.

RESULTS There were 655 patients enrolled in the
NOMAS stroke incidence and follow-up study. No
follow-up data were available for participants who
died within 6 months (n = 83) and for those who
died between 6 months and 1 year (n = 14). QLI

data were not collected for a further 9 participants.

Twenty-four participants had recurrent stroke before
first QLI assessment and were excluded. A total of
525 patients were thus available for analysis. During
follow-up, 84 patients had recurrent stroke or MI,
and there were 133 deaths. Table 1 lists baseline
characteristics of the study population. The median
QLI score at 6 months was 8 (interquartile range
6-10).

There was an annual decline in QLI in an unad-
justed regression model considering time to
follow-up assessment as a continuous variable
(—0.09 per year, 95% CI —0.15 to —0.04). When
adjusted for demographic variables, the annual de-
cline was similar (—0.09 per year, 95% CI —0.15 to
—0.03), and did not change further when adjusted
for demographic variables, medical risk factors, and
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Table 2 Multivariate generalized estimating equation regression model
of predictors of quality of life after ischemic stroke among
all participants

Parameter 95% Confidence

Variable estimate interval p Value
Time of follow-up assessment -0.10 -0.17 to —0.04 0.001
Age at stroke -0.05 —0.06 to —0.04 <0.0001
Male sex 0.30 -0.05t00.65 0.10
Race-ethnicity?

Black 0.19 -0.46 t0 0.84 0.56

Hispanic -0.05 -0.67t0 0.57 0.88
At least high school education 0.29 -0.11t00.70 0.16
Insured with Medicaid or uninsured -0.28 —0.65to 0.09 0.14
Prestroke mood -0.48 -0.85t0 -0.11 0.01
Moderate stroke” -0.81 -1.19t0 -0.43 <0.0001
Severe stroke® -2.37 —3.06 to —1.69 <0.0001
Urinary continence 1.34 0.86t0 1.81 <0.0001
Left-sided stroke 0.39 0.07t00.70 0.02

2 Compared to non-Hispanic white race-ethnicity.
b Compared to mild stroke.

depressed mood (—0.10 per year, 95% CI —0.16 to
—0.04). Further adjusting for stroke characteristics,
such as stroke severity, side of stroke, and urinary
incontinence, also did not change the extent of de-
cline (—0.10 per year, 95% CI —0.17 to —0.04;
table 2). Other predictors of QLI among all partici-
pants were age at stroke, prestroke mood, stroke se-
verity, urinary continence, and left-sided stroke.

Table 3 Multivariate generalized estimating equation regression model of
predictors of quality of life after ischemic stroke among those with
Barthel Index =95 at 6 months

Parameter 95% Confidence

Variable estimate interval p Value
Time of follow-up assessment -0.12 —0.23to —0.01 0.04
Age at stroke -0.02 —0.03 to 0.00 0.06
Male sex 0.22 —-0.16t0 0.60 0.26
Race-ethnicity®

Black -0.01 -0.53t00.50 0.96

Hispanic -0.69 -1.18t0 -0.20 0.006
At least high school education -0.10 —0.56t0 0.35 0.65
Insured with Medicaid or uninsured -0.11 -0.55t00.34 0.64
Prestroke mood -0.73 -1.21to-0.25 0.003
Moderate stroke® -0.21 —0.63t00.20 0.31
Severe stroke® -0.07 -0.45t00.32 0.74
Urinary continence 1.03 0.30to1.77 0.006
Left-sided stroke -0.08 —0.471t00.30 0.67
Mini-Mental State Examination score 0.05 0.00 to 0.09 0.04

2 Compared to non-Hispanic white race-ethnicity.
b Compared to mild stroke.

When BI =95 was added to the model as a time-
dependent covariate, the extent of decline in QLI
lessened slightly but remained significant (—0.07 per
year, 95% CI —0.13 to —0.01). Other predictors
remained, and BI =95 was also a predictor (1.63 per
year, 95% CI 1.36 to 1.91).

In subgroup analyses among those who had BI
=95 at 6 months (n = 245), there was still a signifi-
cant annual decline in QLI over follow-up, even after
adjustment for MMSE (table 3). Higher cognitive
scores on the MMSE were associated with better
QLL

Changes in QLI over time differed by insurance
status (p for interaction = 0.0017), with a decline in
QLI over time for those with Medicaid/no insurance
(—0.20 per year in a fully adjusted model, 95% CI
—0.29 to —0.11), whereas there was no definite de-
cline among those with Medicare/private insurance
(0.001 per year, 95% CI —0.08 to 0.09). The only
other 2-way interaction was between time to
follow-up and age at stroke onset (p = 0.02). The
figure depicts QLI stratified by insurance status, un-
adjusted for other risk factors. Results were similar
when the final multivariate model was restricted to
self-reported QLI scores (available in 75% of the co-
hort), indicating that proxy assessments did not pro-
duce bias.

We fitted a model with discrete time points, with-
out assuming a particular functional form for the
time trend. A significant difference in QLI was seen
at 3 years (—0.29, 95% CI —0.53 to —0.05), 4 years
(—=0.37, 95% CI —0.63 to —0.12), and 5 years
(—0.54, 95% CI —0.87 to —0.21), each compared
to the 0.5-year timepoint. Nonsignificant differences
were seen for time points earlier than 3 years. In the
final regression model, time was treated as a continu-
ous variable with linear form, since there was no evi-
dence that an alternative model better fit the data
(lack of linearity x* test: df = 4, p = 0.12).

When domains of QLI were analyzed separately,
domain scores in activity (OR 0.88 per year, 95% CI
0.82 to 0.95), daily living (OR 0.89 per year, 95%
CI 0.83 to 0.96), and support (OR 0.88 per year,
95% CI 0.79 to 0.98) were associated with time of
follow-up assessment, after adjusting for demograph-
ics, medical risk factors, and stroke characteristics.
There were interactions between insurance status and
time of follow-up assessment for activity (p for inter-
action = 0.02), daily living (p for interaction =
0.02), and outlook (p for interaction = 0.01).

DISCUSSION In this large, prospective, population-
based, multiethnic study of first ischemic stroke pa-
tients with multiple follow-up assessments, there was
a significant linear decline in QOL in the years fol-
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Mean quality of life index (QLI) over 5 years of follow-up, stratified by
insurance status

—— All participants
— Patients with Medicare/private insurance
— Patients with Medicaid/no insurance

1 | T T 1
1 2 3 4 5

Year

lowing stroke among survivors free of clinically evi-
dent recurrent stroke or MI. This decline in QOL
appeared independent of activities of daily living in-
dependence and cognition and began to be apparent
at 3 years of follow-up. Furthermore, the decline in
QOL was seen exclusively among the uninsured and
those with Medicaid, a state-administered insurance
only available to low-income residents,” which has
been associated with limited access to health care in
New York state.?®

A decline in QOL after the acute phase of stroke
recovery has been observed in prior hospital-based
studies,” but these have been limited by small sam-
ple sizes, limited follow-up, the inclusion of hemor-
rhagic stroke, and selected samples of hospitalized
patients. Few population-based studies have exam-
ined QOL after stroke. One examined 304 stroke
patients and 234 caregivers and found that Short
Form-36 scores declined between 4 months and 16
months after stroke. Our study included a larger
sample and assessed QOL multiple times during a
longer follow-up period, and hence is able to delin-
cate the natural history and predictors of QOL over
the long term in an unselected stroke cohort while
adjusting for potential confounders including stroke
severity, function, and cognition. Furthermore, we
censored recurrent strokes and MI, allowing us to
determine the long-term effect on QOL of a single,
first ischemic stroke alone.

Few studies have shown an effect of socioeco-
nomic indicators on QOL after stroke.>® In our pop-

Neurology 75 July 27,2010

ulation, baseline demographic and risk factor profiles
differed between the 2 insurance groups. However,
even after adjusting for these variables, a significant
decline in QOL was seen exclusively among the un-
insured and those insured with Medicaid. This de-
cline may be due to disparities in access to
rehabilitative services, information about health, and
ongoing management of risk factors and chronic
conditions.” Prior research has demonstrated an asso-
ciation between limited access to health care and
worse medication compliance.®® Also, the progres-
sion of white matter changes over time is more pro-
nounced in the setting of poor blood pressure
control’' and subclinical infarcts are common.*? In
the Northern Manhattan population, 18% of 892
participants free of clinical stroke had subclinical in-
farcts.? Silent infarcts have been associated with cog-

3 and cerebral leukoaraiosis with

nitive function,
QOL in previous studies.*® Accumulation of addi-
tional subclinical infarcts and leukoariosis over time
may therefore account for the decline in QOL over
time after stroke, and this effect may be most promi-
nent in those with limited access to health care re-
sources. Finally, socioeconomic status has an impact
on indicators that may mediate QOL, such as dis-
ability and handicap after stroke.’ Since we did not
assess for the use of rehabilitative services, the devel-
opment of comorbidities during follow-up, the ex-
tent of risk factor control, medical compliance, and
subclinical infarcts, further research is needed to clar-
ify the role of these variables on long-term QOL.

Similar to our study, age,"* mood or depression,
stroke severity,”® urinary incontinence,’” side of
stroke,® and DM! were also predictors of QOL in
previous studies. Decline in QOL was most promi-
nent in the domains of activity, daily living, and sup-
port, which is consistent with prior findings in this
population,® and suggests that decline in QOL may
be associated with decline in functional and occupa-
tional status. The interaction between time and in-
surance status in the domain of outlook suggests that
limited access to care may have an impact on one’s
sense of control in matters of health.

A limitation of this study is that the use of the ge-
neric QLI might have missed stroke-specific aspects of
QOL. However, we observed a significant decline in
QLI and found predictors of QOL that are in parallel
with prior research in stroke patients, suggesting that
the scale is sensitive to the QOL of stroke patients. An-
other limitation is the absence of data about whether
participants were diagnosed with depression. In the ab-
sence of a formal diagnosis, we employed a question
that assessed mood in the 2 weeks prior to stroke, which
was posed to patients after their first stroke and thus
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may be subject to recall bias. Finally, although this
study delineates the natural history of QOL after isch-
emic stroke, further study is needed in other popula-
tions, such as stroke-free individuals, to be able to
compare stroke patients with other groups.

Providers who care for poststroke patients may be
able to identify those at higher risk for poorer QOL
and provide more aggressive rehabilitative and social
support interventions. Future research should be di-
rected toward clarifying the relationship between
time, aging, and QOL; comparing QOL over time in
stroke patients and stroke-free individuals; assessing
QOL with stroke-specific scales®*#® not available at
the time of the design of this study; and clarifying the
role of ongoing risk factor management in the long-
term QOL of stroke patients.
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