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Prevalence and significance of stroke

symptoms among patients recetving
maintenance dialysis

ABSTRACT

Objective: The purpose of this cross-sectional study was to determine the prevalence and poten-
tial significance of stroke symptoms among end-stage renal disease (ESRD) patients without a
prior diagnosis of stroke or TIA.

Methods: We enrolled 148 participants with ESRD from 5 clinics. Stroke symptoms and func-
tional status, basic and instrumental activities of daily living (ADL, IADL), were ascertained by
validated questionnaires. Cognitive function was assessed with a neurocognitive battery. Cogni-
tive impairment was defined as a score 2 SDs below norms for age and education in 2 domains.
IADL impairment was defined as needing assistance in at least 1 of 7 IADLs.

Results: Among the 126 participants without a prior stroke or TIA, 46 (36.5%) had experienced
one or more stroke symptoms. After adjustment for age, sex, race, education, language, diabetes,
and cardiovascular disease, participants with stroke symptoms had lower scores on tests of at-
tention, psychomotor speed, and executive function, and more pronounced dependence in IADLs
and ADLs (p = 0.01 for all). After adjustment for age, sex, race, education, language, diabetes,
and cardiovascular disease, participants with stroke symptoms had a higher likelihood of cogni-
tive impairment (odds ratio [OR] 2.47, 95% confidence interval [Cl] 1.03-5.92) and IADL impair-
ment (OR 3.86, 95% CI 1.60-9.28).

Conclusions: Stroke symptoms are common among patients with ESRD and strongly associated
with impairments in cognition and functional status. These findings suggest that clinically signifi-
cant stroke events may go undiagnosed in this high-risk population. Neurology® 2012;79:981-987

GLOSSARY

3MS = Modified Mini-Mental State Examination; ADL = activities of daily living; ARIC = Atherosclerosis Risk in Communities;
Cl = confidence interval; CKD = chronic kidney disease; COWAT = Controlled Oral Word Association Test; ESRD = end-
stage renal disease; IADL = instrumental activities of daily living; OR = odds ratio; QVSFS = Questionnaire for Verifying
Stroke Free Status; RAVLT = Rey Auditory Verbal Learning Test; REGARDS = REasons for Geographic And Racial Dispari-
ties in Stroke.

Compared to the general population, the incidence of stroke is 6 to 10 times higher among
patients with end-stage renal disease (ESRD) receiving maintenance dialysis.! Despite frequent
contact with health care professionals, patients with ESRD often present late after the onset of
stroke symptoms and experience short-term mortality rates in excess of 35%, with very high
rates of disability among survivors.? Earlier recognition of stroke symptoms is essential in this
high-risk population in order to reduce stroke-related morbidity and prevent future strokes.
Among patients with ESRD without a history of stroke, infarcts detected by MRI are
present in up to 50%.% In the general population, the presence of these so-called “silent”
infarcts doubles the risk of subsequent stroke or dementia, highlighting the important long-
term consequences of events presumed to be clinically silent.* It is also possible that these
events are not truly silent, but rather escape clinical detection. For example, in a large commu-
nity cohort, a self-reported history of stroke symptoms was present in 18% of adults without a
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clinical history of stroke or TTA, and was asso-
ciated with a higher prevalence of stroke risk
factors and a higher prevalence of cognitive
impairment.>® However, the prevalence and
clinical significance of stroke symptoms in pa-
tients with ESRD is not well understood. Pa-
tients with ESRD often experience a large
number of chronic symptoms that are often
severe.” They also have a high prevalence of
conditions that may mimic stroke, such as pe-
ripheral neuropathies, retinopathy, hypogly-
cemia, and seizures. Certain vascular access
complications can also mimic stroke symp-
toms. Thus transient neurologic symptoms
suggestive of stroke may not reach the thresh-
old required for clinical diagnosis or may be
misdiagnosed as another condition.

The objective of the present study was to
determine the prevalence of stroke symptoms
and associated clinical correlates in an ambu-
latory cohort of patients with ESRD who
lacked a clinical diagnosis of stroke or TIA.
We also wished to determine the potential
clinical significance of these symptoms by
evaluating the association of stroke symptoms
with cognitive function and functional status.

METHODS Participants. From March 2009 through Oc-
tober 2010, we recruited participants from 5 outpatient dialysis
clinics in Northern California. Eligible participants were at least
21 years of age and receiving maintenance dialysis for at least 90
days. Participants were excluded if they were not fluent in Eng-
lish or Spanish, if they had an active psychiatric disorder includ-
ing dementia, or if they had significant visual or hearing
impairment. A total of 720 individuals were screened, and 477
were considered eligible for the study. We contacted 348 eligible
individuals based on geographic proximity to our center, and
150 consented to participate in the study. Two participants were
found to be ineligible and were subsequently withdrawn, result-
ing in a study sample of 148 participants. Eligible individuals
who declined participation were older (63 £ 16 years vs 56 * 15
years), less likely to be white (25% vs 43%), and received dialysis
for a longer period of time compared to study participants (66 =
41 months vs 40 = 37 months).

Standard protocol approvals, registrations, and patient
consents. The Committees on Human Research at Stanford
University, Santa Clara Valley Medical Center, and the Palo
Alto Veterans Affairs Health Care System approved the study

and all participants provided informed consent.

Stroke symptoms. Stroke or TIA was defined by self-report
(“Were you ever told by a physician that you had a stroke?” and
“Were you ever told by a physician that you had a TIA, mini-
stroke, or TIA?”) or a recorded diagnosis in the dialysis chart.
Experience of 6 different stroke symptoms was ascertained using
the Questionnaire for Verifying Stroke Free Status (QVSES)

which assesses whether the respondent has ever experienced sud-
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den onset of unilateral numbness, unilateral weakness, loss of
ability to communicate, loss of ability to understand, loss of vi-
sion, and loss of half the visual field. The QVSES is a validated
questionnaire proposed as a screening instrument for identifica-
tion of stroke-free individuals in a general population.® A posi-
tive response to one or more symptoms on the QVSFES has been
shown to be sensitive for detecting stroke and TIA as determined
by neurologic interview and examination (sensitivity, 0.82—
0.97), although specificity is only modest (specificity, 0.60—
0.62).%? Presence of stroke symptoms was defined as answering

yes to one or more symptoms.

Cognitive function and functional status. We evaluated
cognitive function with a neuropsychological battery assessing
domains of global cognition, attention, psychomotor speed, ex-
ecutive function, verbal fluency, and verbal memory. Testing
was conducted in a quiet room prior to a midweek dialysis ses-
sion and administered by trained research staff. Global cognition
was assessed with the Modified Mini-Mental State Examination
(3MS). Attention was assessed with the Trail Making Test Part A
(Trails A) and executive function with Part B (Trails B) as well as
the Digit Symbol Substitution Test. Memory was assessed with
the Rey Auditory Verbal Learning Test (RAVLT) immediate
and delayed recall components, psychomotor speed in dominant
and nondominant hands was assessed with the Grooved Peg-
board Test, and verbal fluency was assessed among English-
speaking participants only with the Controlled Oral Word
Association Test (COWAT). Cognitive impairment was defined
as a score at least 2 SD below normative values for age and
education (where available) in 2 or more cognitive domains.!*!
If a test was not attempted, then the participant was classified as
not impaired on this test. Functional status was measured by
assessing the degree of assistance required in 7 instrumental ac-
tivities of daily living IADL)—telephone use, shopping for gro-
ceries, using transportation, meal preparation, housework,
taking medications, and handling finances—and in 4 basic activ-
ities of daily living (ADL)— bathing, dressing, ambulating, and
transferring from a chair.'>"® Each item on the 7-item IADL scale
is rated from 0 to 2 and each item on the 4-item ADL scale
ranges is rated from 0 to 3, with higher scores indicating higher
functional status. IADL impairment was defined as needing as-
sistance in any of the 7 IADLs, and ADL impairment was de-
fined as needing assistance in any of the 4 ADLs."

Covariates. Participants completed a study questionnaire
which assessed demographic, clinical, and psychosocial charac-
teristics. Educational attainment was classified as less than high
school graduate, high school graduate, or some college educa-
tion. Diabetes was defined as self-report or chart history of dia-
betes or use of medications for diabetes. Hypertension was
defined as self-report of hypertension or use of medications for
hypertension. Cardiovascular disease was defined as coronary ar-
tery disease (self-report or chart history of a myocardial infarc-
tion, coronary angioplasty, or coronary stent placement) or
peripheral arterial disease (self-report or chart history of lower
extremity angioplasty or stent placement). Heart failure was de-
fined as self-report or chart history. Depressive symptoms were
defined as a score of 6 or more on the Geriatric Depression Scale
short form.! Laboratory results and use of erythropoiesis stimu-
lating agents within 1 month of enrollment were abstracted from
the dialysis chart. Blood pressure and weight were measured

prior to the start of dialysis.

Statistical analysis. The main analyses excluded participants

with a diagnosis of prior stroke or TIA. We compared character-
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istics of those with no stroke symptoms to those with stroke
symptoms using analysis of variance or the Kruskal-Wallis test
for continuous variables and the x* test for categorical variables.
We used linear regression to determine the association between
the presence of stroke symptoms and scores on each cognitive
test and functional status measure. In multivariable models, we
adjusted for age, sex, race, education, diabetes, and cardiovascu-
lar disease (coronary or peripheral arterial disease). Next, we used
logistic regression to determine the association, expressed as an
odds ratio (OR) and 95% confidence interval (95% CI) between
stroke symptoms and cognitive impairment. We constructed 2
models: an unadjusted model and a parsimonious adjusted
model that included age, sex, race, education, diabetes, and car-
diovascular disease. We then added additional covariates to the
parsimonious model to determine whether their inclusion in the
model changed the parameter estimate for stroke symptoms by
more than 10%. We used a similar approach to model the asso-
ciation between stroke symptoms and IADL impairment. We
were not able to construct adjusted models for the outcome of
ADL impairment due to the low prevalence of this outcome.

Analyses were performed using SAS v9.2 (www.sas.com).

RESULTS There were 22 participants with a prior
diagnosis of stroke or TIA. Among the remaining
126 participants, there were 46 (36.5%) who re-
ported one or more stroke symptoms (figure 1). Sud-
den unilateral weakness was the least commonly
reported symptom (n = 11, 8.7%), and sudden loss
of half the visual field was the most commonly re-
ported symptom (n = 21, 16.7%). Sixteen partici-
pants (12.7%) experienced 1 symptom, 21 (16.7%)
experienced 2 symptoms, and 9 (7%) experienced 3
or more stroke symptoms.

The clinical characteristics of participants with
stroke symptoms were very similar to participants
without stroke symptoms (table 1). As compared to

participants without a prior diagnosis of stroke or
TIA, participants with a prior diagnosis of stroke
were more likely to be nonwhite and more likely to
have cardiovascular disease (data not shown).

In unadjusted analyses, the presence of one or
more stroke symptoms was associated with poorer
cognitive function on 5 of the 9 cognitive function
tests administered (table 2). After adjustment for de-
mographics, diabetes, and cardiovascular disease,
tests of global cognition, verbal fluency, and memory
were not significantly associated with stroke symp-
toms. However, tests of attention, executive func-
tion, and psychomotor speed remained significantly
associated with stroke symptoms. Similarly, the pres-
ence of one or more stroke symptoms was associated
with poorer functional status, as indicated by lower
scores on the IADL and ADL scales (table 2). These
findings persisted after adjustment for demographics,
diabetes, and cardiovascular disease.

There were 58 participants (46.0%) who met the
definition of cognitive impairment. In a parsimoni-
ous model adjusted for age, sex, race, education, lan-
guage, diabetes, and cardiovascular disease, stroke
symptoms were associated with a higher odds of cog-
nitive impairment (OR 2.47, 95% CI 1.03-5.92)
(figure 2). The inclusion of other comorbid condi-
tions, depressive symptoms, blood pressure, or length
of time on dialysis did not change this association.
There were 66 participants (52.4%) who met the
definition of IADL impairment. Stroke symptoms
were associated with a 3-fold higher odds of IADL
impairment (OR 3.86, 95% CI 1.60-9.28) after
adjustment for age, sex, race, education, language,

Figure 1
stroke or TIA
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Table 1 Characteristics of participants receiving maintenance dialysis according to the presence of

stroke symptoms?®

No stroke

symptoms (n = 80)

Age,y 55+ 15
Months since start of dialysis 38 +34
Male sex, n (%) 50 (63)
White race, n (%) 36 (45)

Education level, n (%)

< High school graduate 8(10)

High school graduate 20 (25)

College 52 (65)
English speaking, n (%) (vs Spanish) 74 (93)
Hemodialysis, n (%) (vs peritoneal dialysis) 70(88)
Hemodialysis catheter, n (%)® (vs fistula 12(19)
or graft)
Diabetes, n (%) 34 (43)
Hypertension, n (%) 73(92)
Cardiovascular disease, n (%) (coronary or 13(16)
peripheral arterial disease)
Heart failure, n (%) 20 (25)
Depressive symptoms, n (%) 27 (34)
Systolic blood pressure, mm Hg 142 + 27
Diastolic blood pressure, mm Hg 78 +15
Predialysis weight, kg 83 + 26
Hemoglobin, g/dL 119+11
Albumin, g/dL 40=0.7
Blood urea nitrogen, mg/dL 69 + 22

Erythropoiesis stimulating agent weekly
dose (units)®

4,000 (2,000-8,000)

Stroke
symptoms (n = 46) p Value
55+14 0.8
43 =44 0.5
34 (74) 0.2
19(41) 0.7
0.6
6(13)
15(31)
25(56)
44.(96) 0.5
42(91) 0.7
7(18) 0.9
20(42) 0.9
44 (96) 0.3
12 (26) 0.2
14 (29) 0.6
17 (36) 0.8
145 + 26 0.5
79 16 0.6
87 +21 0.4
12.0+0.9 0.6
39=x04 0.4
67 =13 0.4
4,600 (2,200-8,000) 0.9

2 Subjects with prior history of stroke or TIA were excluded. Results are expressed as mean = SD or frequency (%), unless

otherwise indicated.
b Among subjects receiving hemodialysis.
¢ Median (25th-75th percentile).

diabetes, and cardiovascular disease (figure 2). Ad-
ditional adjustment for cognitive impairment did
not change the findings (OR 3.47, 95% CI 1.43—
8.42), nor did the inclusion of other comorbid
conditions, depressive symptoms, blood pressure,
or length of time on dialysis. There were 14 partic-
ipants (11.1%) who met the definition of ADL
impairment. Participants with stroke symptoms
were more likely to have ADL impairment com-
pared to participants without stroke symptoms

(19.6% vs 6.3%, p = 0.02).

DISCUSSION We found one-third of ESRD pa-
tients without a previously diagnosed stroke or TIA
had experienced stroke symptoms. The presence of
stroke symptoms was associated with a 2- to 3-fold
higher odds of cognitive impairment, IADL impair-
ment, and ADL impairment, independent of age,
race, and other confounding factors. These findings
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suggest that clinically significant stroke events may
go undiagnosed in this high-risk population.

The incidence of stroke is 6 to 10 times higher
among patients with ESRD compared to the general
population. Furthermore, patients with ESRD who
have a stroke have high case-fatality rates and low
rates of recovery. These poor outcomes may stem
from late recognition of stroke symptoms. In a pro-
spective study of 1,041 new dialysis patients, stroke
occurred in 10% of the patients.? Patients ultimately
diagnosed with stroke presented a median of 8.5
hours after the onset of symptoms. The delay in rec-
ognition of stroke symptoms is particularly concern-
ing given that the majority of dialysis patients have
regular contact with medical professionals during
their dialysis treatments. Our findings suggest that
many patients with ESRD experience stroke symp-

toms that escape clinical detection. This may be be-
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[ Table 2 Difference in cognitive function, IADL, and ADL scores associated with presence of stroke symptoms? ]

Stroke symptoms
Multivariable adjusted
Unadjusted difference difference
No stroke symptoms, Parameter Parameter

mean score = SD

Cognitive function

3MS (n=125) 89.7+7.7

COWAT (h=116) 341 +135
RAVLT immediate recall (n = 126) 40.6 £11.0
RAVLT delayed recall (n = 126) 85+3.7

Trails A (n = 120) 46.7 +22.5
TrailsB(n=118) 127.2 = 68.8
Digit symbol (n = 112) 508 +17.3
Pegboard dominant hand (n = 105) 108.8 = 53.1

Pegboard nondominant hand (h=100) 1148 +51.6
Functional status

IADL (n = 126) 124 22

ADL (n = 126) 115+13

estimate = SE p Value estimate = SE p Value

-23+14 0.1 -22+15 0.1
-40=x26 01 -31+26 0.2
-27=x20 0.2 -1.0=x18 0.6
-1.4+0.7 0.04 -0.5+0.6 0.4
111 +42 <0.01 10842 0.01
36.7 +13.0 <0.01 36.5+11.6 <0.01
-84 +34 0.01 -7.5+32 0.02
328+10.5 <0.01 415+91 <0.01
19.8+11.0 0.08 29.4 +10.2 <0.01
-1.2+04 <0.01 -15=x04 <0.01
-06=x0.2 0.02 -0.7+0.3 <0.01

Abbreviations: 3MS = Modified Mini-Mental State Examination; ADL = activities of daily living; COWAT = Controlled Oral
Word Association Test; IADL = instrumental activities of daily living; RAVLT = Rey Auditory Verbal Learning Test.

2 Participants with previous stroke or TIA were excluded. A negative parameter estimate indicates poorer performance for all
tests except the Trails A, Trails B, and Grooved Pegboard tests. Multivariable model is adjusted for age, sex, race, education,
language, diabetes, and cardiovascular disease. The COWAT was not administered to Spanish-speaking subjects.

cause the symptoms are transient, or because they are
misdiagnosed as another condition.

These results are consistent with recent reports from
the REasons for Geographic And Racial Disparities in
Stroke (REGARDS) study. In REGARDS, which also

Figure 2

Odds ratio

Association of stroke symptoms with cognitive impairment and
instrumental activities of daily living (IADL) impairment among
dialysis participants

IADL

impairment impairment

Unadjusted Adjusted

Unadjusted Adjusted

The multivariable models are adjusted for age, sex, race, education, language, diabetes, and
cardiovascular disease. Cognitive impairment adjusted model ¢ = 0.75. IADL impairment

adjusted model ¢ = 0.69.

ascertained stroke symptoms using the QVSES, stroke
symptoms were present in 18% of community-
dwelling adults with no prior history of stroke or TIA."
In REGARDS, the incidence of stroke symptoms was
higher among participants with chronic kidney dis-
ease (CKD) compared to participants with normal
kidney function.'® Using a different methodology to
ascertain stroke symptoms, the Atherosclerosis Risk
in Communities (ARIC) study reported a stroke
symptom prevalence of 13% among middle-aged
adults.”” The prevalence of stroke symptoms ob-
served in our study was 2- to 3-fold higher than that
observed in REGARDS and ARIC. In addition, the
prevalence of stroke or TIA in our cohort was 15%,
comparable to the prevalence of stroke or TIA in 2
large ESRD cohorts,'® which would suggest that our
results are not attributable to low ascertainment of
previously diagnosed stroke.

In support of the idea that stroke symptoms rep-
resent undiagnosed strokes, we found that the odds
of cognitive impairment, IADL impairment, and
ADL impairment were 2 to 3 times higher in partic-
ipants with stroke symptoms, independent of age
and other factors. Furthermore, stroke symptoms
were independently associated with impairment in
attention, psychomotor speed, and executive func-

tion, cognitive domains strongly linked with small
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vessel cerebrovascular disease, but not with verbal
fluency and verbal memory domains, which are often
impaired in neurodegenerative diseases.

There is a high prevalence of cognitive impair-
ment and disability in the ESRD population,'®!” and
cerebrovascular disease is a recognized risk factor for
these outcomes. However, our findings suggest that
the extent to which cerebrovascular disease con-
tributes to cognitive and functional impairment
has been underappreciated. We did not perform
neuroimaging in the current study; thus we were
unable to determine whether neuroimaging mark-
ers of cerebrovascular disease correlated with stroke
symptoms or with impairments in cognition and
functional status. It is possible that these associations
are not causal, but rather reflect confounding from
illness severity. However, the magnitude of these
associations, particularly for domains linked with
vascular causes of cognitive impairment, and the ab-
sence of attenuation even after adjustment for several
comorbid conditions would suggest that differences
in underlying illness severity are not likely to fully
explain the findings.

The reasons for elevated stroke risk among pa-
tients with ESRD are not fully understood. Patients
with ESRD have a high prevalence of several tradi-
tional stroke risk factors, such as older age, black
race, diabetes, and hypertension. Conversely, other
traditional stroke risk factors, such as hyperlipidemia
or atrial fibrillation, are not consistently associated
with stroke risk in patients with ESRD.?® Factors re-
lated to ESRD or dialysis therapy are speculated to
contribute to stroke risk. For example, in 2 large
studies of patients with ESRD, stroke risk and
stroke mortality were associated with markers of
malnutrition such as low serum albumin and low
body weight.'®! Acute effects of the hemodialysis
procedure, such as reductions in cerebral blood
flow, have been suggested to correlate with stroke
in some studies.?>?> Medications administered
during hemodialysis, such as anticoagulants or eryth-
ropoiesis stimulating agents, may also contribute to
stroke risk in patients with ESRD.?#?> With the ex-
ception of nonwhite race and preexisting cardiovas-
cular disease, we did not find differences in clinical
characteristics among ESRD participants with vs
without prior stroke or TIA, or among ESRD partic-
ipants with vs without stroke symptoms.

Patients with ESRD also have a high burden of
small vessel cerebrovascular disease in the absence of
diagnosed stroke. For example, in a sample of 123
hemodialysis patients without prior stroke or TIA,
silent infarcts were present in almost 50% of the

sample, a 5-fold higher prevalence compared to
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healthy control subjects.® In the same cohort, silent
infarcts were associated with a 7-fold higher risk for
future stroke or cardiovascular events.?® Similar find-
ings have been noted among persons with CKD not
on dialysis.?”?® Given the costs of neuroimaging, pro-
spective studies using the QVSES or similar ques-
tionnaires may be an informative and efficient way to
study stroke risk factors in this population.

There are several strengths of our study, including
the racially diverse sample, ascertainment of stroke
symptoms using a validated questionnaire, and the
use of a neurocognitive battery to evaluate cognitive
function. There are also several limitations. Our sam-
ple was drawn from a single geographic site and may
not be generalizable to the larger ESRD population.
We lacked neuroimaging, so we could not determine
the sensitivity or specificity of stroke symptoms iden-
tified in our study. In particular, it is possible the
specificity of the QVSES is lower among patients
with ESRD. We were unable to assess whether pa-
tients who reported stroke symptoms underwent any
diagnostic investigations and what the outcomes of
these investigations were. We relied on self-report to
ascertain stroke symptoms and self-report or chart
diagnosis to ascertain other comorbid conditions.
These methods may be subject to ascertainment and
recall bias related to cognitive impairment or poor
health literacy. Because this is a cross-sectional study,
we could not determine whether stroke symptoms were
causally related to cognitive impairment and ADL or
IADL impairment. Finally, it should be noted that the
odds ratios reported here should not be interpreted as
relative risks, since odds ratios overestimate the relative
risk when the outcome is common.

Stroke symptoms were common among patients
with ESRD without a previously diagnosed stroke or
TIA, and were associated with a 2- to 3-fold higher
odds of cognitive impairment and functional status
impairment. Efforts to increase awareness and screening
for stroke symptoms, especially among dialysis pro-
viders and patients, would seem warranted in order
to reduce stroke-related morbidity and prevent fu-

ture strokes.
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