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Cognitive Impairment in Heart Failure: Issues of Measurement and
Etiology

Abstract
Background: Clinicians need easy methods of screening for cognitive impairment in patients with heart
failure. If correlates of cognitive impairment could be identified, more patients with early cognitive
impairment could be treated before the problem interfered with adherence to treatment.

Objectives: To describe cognitive impairment in patients with heart failure, to explore the usefulness of 4
measures of cognitive impairment, and to assess correlates of cognitive impairment.

Methods: A descriptive, correlational design was used. Four screening measures of cognition were assessed in
42 patients with heart failure: Commands subtest and Complex Ideational Material subtest of the Boston
Diagnostic Aphasia Examination, Mini-Mental State Examination, and Draw-a-Clock Test. Cognitive
impairment was defined as performance less than the standardized (T-score) cutoff point on at least 1 of the 4
measures. Possible correlates of cognitive impairment included age, education, hypotension, fluid overload
(serum osmolality

Results: Cognitive impairment was detected in 12 (28.6%) of 42 participants. The 4 screening tests varied in
effectiveness, but the Draw-a-Clock Test indicated impairment in 50% of the 12 impaired patients. A summed
standardized score for the 4 measures was not significantly associated with age, education, hypotension, fluid
overload, or dehydration in this sample.

Conclusions: Cognitive impairment is relatively common in patients with heart failure. The Draw-a-Clock
Test was most useful in detecting cognitive impairment, although it cannot be used to detect problems with
verbal learning or delayed recall and should not be used as the sole screening method for patients with heart
failure. Correlates of cognitive impairment require further study.
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•  BACKGROUND Clinicians need easy methods of screening for cognitive impairment in patients with heart
failure. If correlates of cognitive impairment could be identified, more patients with early cognitive
impairment could be treated before the problem interfered with adherence to treatment. 
•  OBJECTIVES To describe cognitive impairment in patients with heart failure, to explore the usefulness of 4
measures of cognitive impairment, and to assess correlates of cognitive impairment.
•  METHODS A descriptive, correlational design was used. Four screening measures of cognition were
assessed in 42 patients with heart failure: Commands subtest and Complex Ideational Material subtest of
the Boston Diagnostic Aphasia Examination, Mini-Mental State Examination, and Draw-a-Clock Test.
Cognitive impairment was defined as performance less than the standardized (T-score) cutoff point on at
least 1 of the 4 measures. Possible correlates of cognitive impairment included age, education, hypotension,
fluid overload (serum osmolality <269 mOsm/kg), and dehydration (serum osmolality ≥ 295 mOsm/kg).
•  RESULTS Cognitive impairment was detected in 12 (28.6%) of 42 participants. The 4 screening tests
varied in effectiveness, but the Draw-a-Clock Test indicated impairment in 50% of the 12 impaired patients.
A summed standardized score for the 4 measures was not significantly associated with age, education,
hypotension, fluid overload, or dehydration in this sample.
•  CONCLUSIONS Cognitive impairment is relatively common in patients with heart failure. The Draw-a-
Clock Test was most useful in detecting cognitive impairment, although it cannot be used to detect problems
with verbal learning or delayed recall and should not be used as the sole screening method for patients with
heart failure. Correlates of cognitive impairment require further study. (American Journal of Critical Care.
2002;11:520-528)
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The prevalence of heart failure has increased
more than 150% in the past  20 years. 1 , 2

Currently, about 4.8 million older adults have
heart failure,3,4 and this number will increase as the
population 65 years and older doubles in size during
the next 30 years.5 It is important to understand the
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extent to which the signs and symptoms of heart fail-
ure can be measured, prevented, or controlled so that
patients with heart failure can continue to live inde-
pendent lives. Cognitive impairment associated with
heart failure has been observed clinically, although the
correlates of cognitive impairment in patients with
heart failure have not been fully investigated. The pur-
pose of this study was to describe cognitive impair-
ment in a sample of patients with heart failure. Four
simple measures of cognitive function were assessed
as potential screening methods. Possible correlates of
cognitive impairment that were assessed were age, edu-
cation, hypotension, fluid overload, and dehydration.

In the general population, advancing age is
associated with cognitive impairment because of the
increasing prevalence of medical conditions such as
Alzheimer disease, Parkinson disease, and stroke.
Approximately 5% to 8% of persons 65 years or
older and one third of persons 85 years and older are
demented.6,7 Cognitive impairment can also be caused
by factors other than age. Medications,8-10 nutritional
def iciencies,8 depression,11 infection,12 and fluid
shifts have all been implicated as causes in the gen-
eral population.8,13-16 In particular, dehydration has
been associated with cognitive impairment in elderly
patients, perhaps because it is an indicator of infec-
tion.17,18 The association between dehydration and
cognitive impairment in patients with heart failure
has not been studied before.

Cognitive impairment may be more common in
patients with heart failure than in the general popula-
tion.19-21 Other investigators have reported that 23%19

to 53%20 of patients with heart failure have evidence
suggestive of cognitive impairment. Cacciatore et al19

found that the risk of cognitive impairment in
patients with heart failure was 1.96 times the risk in
the general population 65 years or older. Patients
with heart failure experience problems with memory,
attention, speed and flexibility of mentation, reaction
times, and concentration.22-28 In studies of patients
with heart failure who have measurable cognitive
impairment, fluid overload is typically speculated to
be the cause.14,15,19,20,22,29-31 Age22 and education22,32 also
have been associated with cognitive impairment.
Low-output states such as systemic hypotension21

and low ejection fraction23 also have been implicated
as causes of cognitive impairment in patients with
heart failure. However, the research on cognitive
impairment in patients with heart failure is inconclu-
sive. We remain unsure about the prevalence of cog-
nitive impairment in the general population of
patients with heart failure, how to screen for the
problem, and the most likely causes.

Methods
Sample and Procedure

The sample was drawn from an accessible popu-
lation of 274 patients with heart failure who had par-
ticipated in an earlier study.33,34 Patients from those
studies had been previously hospitalized, and heart
failure had been diagnosed by the attending physi-
cian. For each patient, the diagnosis of heart failure
had been confirmed by a thorough review of the
medical record. Patients were excluded from the ear-
lier study if they did not live independently or if they
had a major psychiatric illness, severe renal failure,
or a terminal disease such as cancer or AIDS. Patients
who were noted clinically to be cognitively impaired
at the time of enrollment in any of the prior studies
(1-3 years earlier) were excluded from that study, but
no prescreening for cognitive impairment was done
in this study. The only exclusion criterion was inabil-
ity to speak English, which was necessary because of
the nature of the cognitive testing to be performed.

After approval by the institutional review board,
participants from the earlier study were contacted by
telephone and invited to participate in the current study.
Contact could not be made with 75 of the former partic-
ipants. Of the 199 contacted, 49 were ineligible for the
current study because they did not speak English
(n = 23), had moved (n = 19), or had become too ill to
participate (n = 7). Fifty-four had died. From the eligible
group of 96, 53 (55%) declined to participate in the
study. The primary reasons for refusal were lack of inter-
est (n = 19) feeling too ill (n = 11), and being too busy
(n = 9). One patient agreed to participate, but did not
keep the appointment. The sample size was inadequate
for hypothesis testing with confidence but was adequate
for the exploratory purpose of this investigation.

Individual appointments for data collection were
arranged with each of the 42 patients who agreed to
participate in the study. Data collection sessions were
conducted between June 16, 2000, and August 25,
2000, and most sessions (86%) were held in the par-
ticipants’ homes. One nurse research associate collected
all data for this study by meeting individually with
participants in sessions that lasted from 40 minutes to
2 hours. In each session, the nurse described the study
in detail and obtained informed consent before begin-
ning data collection. After the consent form was
signed, the nurse recorded verbal answers to questions
on the demographic survey, questions about other
medical conditions, and questions about functional
status. Next, she recorded verbal answers or scores for
4 cognitive measures.

When the cognitive measures were completed, the
nurse obtained a blood sample and recorded medica-
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tions by examining drug containers provided by the
participants. Finally, the nurse measured the partici-
pant’s blood pressure. The nurse research associate was
trained by a certified laboratory technician to collect
blood samples, by a physiologist to handle blood
samples, and by a clinical psychologist to assess cog-
nitive function.

Demographic data were gathered from partici-
pants by using an investigator-designed survey. Blood
pressure was measured by using standard protocols
while the patient was sitting. Comorbidity was mea-
sured by the count and the type of medical conditions
reported by the participant and categorized as low,
moderate, or severe by using the weighted index devel-
oped by Charlson et al35 and modified by Katz et al36

for interviews. Data on activity limitations related to
signs and symptoms were obtained by interview and
were used to classify patients’ functional status
according to the New York Heart Association classifi-
cation system.

Measures of Cognitive Impairment
Cognition refers to those mental activities associ-

ated with thinking, learning, and memory. Impaired
cognition is suspected when persons have evidence of
changes in short-term memory, poor judgment, inability
to handle complex tasks, inability to take part in usual
activities, and personality change.37 McDowell and
Newell38 note that cognitive function is often described
operationally as success on cognitive tests. In our
study, cognitive impairment was operationalized as
performance less than the impairment cutoff point on
at least 1 of 4 screening measures of cognition. A
clinical psychologist experienced with the assessment
of cognitive function in elderly persons chose the bat-
tery of cognitive measures. In order of administration,
these measures were as follows: the Commands subtest
of the Boston Diagnostic Aphasia Examination
(BDAE),3 9 the Mini-Mental State Examination
(MMSE),40 the Draw-a-Clock Test,39 and the Complex
Ideational Material subtest of the BDAE.39

The measures chosen are generally considered
low-sensitivity screening tests for detection of overt
cognitive impairment. These measures were chosen
because they can be used to detect problems in 1 or
more of the categories in which patients with heart
failure experience problems (eg, memory, attention,
speed and flexibility of mentation, reaction times, and
concentration). Each test is simple to administer and
could be used by general staff in a busy clinical set-
ting to screen for cognitive impairment significant
enough to interfere with treatment. The MMSE is
most commonly used in investigations of impaired

cognition in patients with heart failure.19,20,23,41 In this
study, the MMSE and 3 other measures were used to
determine which test was the most effective for detect-
ing impairment in a sample of patients without obvi-
ous cognitive difficulties. 

Commands Subtest. In the Commands subtest,
the patient is asked to perform increasingly complex
tasks ranging from 1-step (eg, make a fist) to 5-step
commands. The test relies on a patient’s aural atten-
tion span, auditory comprehension, planning and exe-
cution, and motor skills. Each patient’s score is the
step-count of the most complex command correctly
performed, and test scores range from 1 to 5. The
internal consistency reliability of the Commands sub-
test is 0.91, and the validity in a normal population
has been indicated by a 0.73 correlation with the iden-
tified factor in a discriminant analysis.27 Cognitive
impairment was defined as a score of less than 3 on
the Commands subtest, as recommended by the
authors of the test.39

Mini-Mental State Examination. The MMSE is a
widely used cognitive screening test. The 30-point test
is used to assess a range of abilities, including orienta-
tion, attention and concentration, sequencing, visual-
spatial skills, verbal learning and immediate memory,
oral reading and comprehension, and verbal repeti-
tion.40 The reliability of the MMSE has been consis-
tently high in other studies (Cronbach α = .96,
test-retest ≥ .89) and criterion and discriminant valid-
ity of the MMSE have been established.38 Although
education may affect MMSE scores,38 the majority of
participants in this study had a high school education
or more, an education level for which the MMSE is
considered accurate. The standard MMSE cutoff point
of less than 24 was used to define cognitive impair-
ment so that the results could be compared with
results of other studies.19,20,23,41

Draw-a-Clock Test. For the clock-drawing test
used in this study, patients were asked to draw the
face of a clock, put in all the numbers, and “set the
hands for 10 after 11.” The research associate
assessed drawn clocks for shape, completeness and
correctness of numbers (1 point), and appropriate
placement of the 2 hands (1 point). This task requires
attention and concentration, numerical sequencing,
visual-spatial analysis and execution, and abstract
conceptualization and planning. Patients were sus-
pected of being cognitively impaired if they per-
formed grossly below expectations in spatial layout,
numerical sequencing, or orientation of the detailing
of the clock hands.

Scores on this test ranged from 0 to 2, according to
the protocol of the authors.39 A score of 2 represented
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an appropriately drawn clock, and cognitive im-
pairment was defined as a score less than 2, as recom-
mended by the authors.39 There are a variety of
clock-drawing tests, which show a range of reliability
coefficients.38 Validity has been indicated by correla-
tions between 0.51 and 0.75 with other memory and
cognition tests.38

Complex Ideational Material Subtest. The
Complex Ideational Material subtest is a measure of
executive brain functioning.39 Patients hear a statement
or a brief story and answer questions about what they
have heard. The test has 8 statements and 4 stories,
each with 4 questions (eg, will a cork sink in water?).
The stories increase in length and grammatical diffi-
culty. This test relies on attention and concentration,
auditory comprehension, short-term memory, and
abstract reasoning. The internal consistency reliability
of this subtest is 0.89,27 and the validity has been
determined by a 0.54 correlation with the identified
factor in a discriminant analysis.27 Scores on the sub-
test range from 0 to 12. Cognitive impairment was
defined as a score less than 10, as recommended by
the authors.39

Measures of Hydration
Hydration status was assessed by measuring

serum osmolality in an accredited hospital laboratory.
Serum osmolality is derived from the calculation of
measured serum concentrations of the major solutes
sodium, glucose, and urea.42 In the body, water moves
freely between the intracellular and extracellular
compartments, making serum osmolality a conve-
nient and accurate measure of intracellular ionic com-
position.43 To obtain a blood sample for analysis, the
nurse research associate pricked the participant’s
f inger with a sterile lancet (Unistik2, Owen
Mumford, Atlanta, Ga) and withdrew blood into a
serum tube (Microtainer brand, Becton Dickinson,
Franklin Lakes, NJ). The blood was allowed to clot
and then was centrifuged in a portable Mobilespin
centrifuge (Vulcan Tech, Grandview, Mo) to separate
the serum. After centrifuging for 10 minutes at 3000
rpm, the serum was transferred to a clear plastic micro
test tube and transported on ice to a freezer main-
tained at less than 0°C (32 F). The test tubes were
stored for up to 8 days (median, 7 days) and then
transported by the nurse to the laboratory for analysis.

In this study, normal hydration was defined as
serum osmolality between 269 and 294 mOsm/kg.
Fluid overload was defined as serum osmolality less
than 269 mOsm/kg. Dehydration was def ined as
serum osmolality of 295 mOsm/kg or higher. These

definitions are consistent with those used in other
studies.44,45

Analysis
The 4 measures of cognitive impairment had lim-

ited metrics, so normal distribution was not expected,
and the raw scores on all 4 measures were negatively
skewed. Further, the raw scores were difficult to com-
pare because of the differences in scale measurements.
Therefore, raw scores on the screening tools and pub-
lished cutoff points were used for initial screening.
Then, standardized T-scores (10z + 50) were used to
confirm the assessment and to test for correlates of
association. T-scores are not usually used for ordinal
level data such as data produced by use of the Draw-
a-Clock Test, but when the T-scores and raw scores
of the Draw-a-Clock Test were compared, the same
patients were identified as impaired. Therefore, these
data were converted to T-scores to allow them to be
aggregated with the other measures. Patients with a
T-score of 30 to 35 were considered mildly impaired.
Those with a T-score less than 30 or 2 standard devia-
tions below the mean of 50 were considered moder-
ately to severely impaired.

Correlates of cognitive impairment were eval-
uated by using Pearson product moment correlation
coefficients (age, blood pressure, serum osmolality)
or the Spearman rho (education). T-scores on the 4
measures of cognition were added together and
assessed in relation to the proposed correlates. Age
was evaluated by using raw ages (1-tailed test),
hypotension was evaluated by using systolic blood
pressure (1-tailed test), and hydration status was eval-
uated by using serum osmolality (2-tailed test to
detect fluid overload and dehydration). Education was
analyzed after the data were recoded as either less
than a high school education or a high school educa-
tion or greater (1-tailed test). Descriptive statistics
were used to characterize the sample. Characteristics
of patients who scored less than the impairment cutoff
point were compared with characteristics of those who
scored greater than the cutoff point by using unpaired
t tests and χ2 tests. All analyses were done by using
SPSS version 9.0 (SPSS, Inc, Chicago, Ill).

Results
Table 1 shows the characteristics of the final sam-

ple of 42 participants, who were predominately white
older adults; most were classified in New York Heart
Association functional class II or III. The sample was
evenly split by sex. The time since the last hospitaliza-
tion for heart failure ranged from 1 week to 6 years,
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but 65% of the participants had been admitted to the
hospital in the prior year for reasons other than heart
failure. None of the participants was acutely ill with
any medical condition at the time of the interview.
The mean number of medical conditions was 3.2,
with a range of 1 to 7. The weighted comorbidity
scores indicated that 79% of the sample had low or
moderate comorbidity.

Mean blood pressure of the participants was
124/60 mm Hg, but systolic blood pressure ranged
from 78 mm Hg (1 patient) to 178 to 180 mm Hg (3
patients). Diastolic blood pressure ranged from 38 to
80 mm Hg. Participants took an average of 8 medica-
tions daily (range, 2-16), and all but 1 participant rou-
tinely took a diuretic, which was usually furosemide. 

Data on serum osmolality were available for 34 of
the 42 participants. Of the other 8 patients, 2 had
serum samples that were analyzed in a different labo-
ratory during pilot testing and were discarded for the
final analysis. One patient refused the finger stick, and
1 test was deferred because the participant had a
hereditary bleeding condition. Four of the blood sam-
ples were inadequate for serum osmolality analysis
because they were taken from diabetic patients whose

fingers were scarred from multiple finger sticks. In the
34 usable samples, serum osmolality ranged from 237
to 316 (mean, 291 mOsm/kg; SD, 15.5 mOsm/kg).
Two participants (6%) were in a state of fluid overload
(<269 mOsm/kg), 16 (47%) had normal serum osmo-
lality (269-295 mOsm/kg), and 16 (47%) were dehy-
drated (≥295 mOsm/kg). 

Five participants reported a prior cerebrovascular
accident. One of the 5 scored less than the raw score
cutoff point on the Complex Ideational Material sub-
test, but none of the 5 participants was considered
cognitively impaired when T-scores were used. Data
were analyzed with and without the data from these
participants, but the results did not change, so these
participants were included in the data analysis. There
was 1 outlier in the serum osmolality data (mean, 237
mOsm/kg; z = -3.51). Analyses were conducted with
and without the outlier, and interpretation did not dif-
fer substantively, so analyses reported here included
the outlier. 

Distributions of raw scores on the 4 cognitive
tests are shown in Table 2. Three patients (1 with a
prior cerebrovascular accident) were suspected of
having cognitive impairment when raw scores were
used, but the T-scores did not indicate any impair-
ment, and these 3 patients were classif ied as not
impaired. Conversely, 2 patients were within normal
limits when raw scores were assessed but were con-
sidered impaired when the T-scores were analyzed.
These 2 patients were classified as impaired.

As expected in this sample of patients with heart
failure who were living independently in the commu-
nity, raw scores on all the measures were generally
high. Scores on the Complex Ideational Material sub-
test were signif icantly correlated with both the
MMSE (r = 0.42, P < .01) and the Commands subtest
(r = 0.56, P < .01), but no other significant associa-
tions between test scores were found, suggesting that
these cognitive measures were not redundant and may
have measured different aspects of cognition.

When raw scores were used, 13 patients (31%)
scored less than the cutoff point on 1 or more tests.
No one scored less than the cutoff point on the Com-
mands subtest, 1 patient scored less than the cut-
off point on the MMSE, 6 scored less than the
cutoff point on the Draw-a-Clock Test, and 10
scored less than the cutoff point on the Complex
Ideational Materials subtest.

When T-scores were used, 12 patients (28.6%)
scored at the impairment level on 1 or more tests. Six
were mildly impaired (T-score, 30-35), and 6 were
moderately severely impaired (T-score, <30). Four
patients scored less than 35 on the Commands subtest,

Table 1 Description of the sample of community-dwelling
persons with heart failure (N=42)

Variable

Men
Married
Live alone
Education

Grade school or less
High school only
Business school or associate

degree
College degree

White
Work situation

Homemaker
Working full-time
Retired

New York Heart Association
functional class

I
II
III
IV

Comorbidity category
Low 
Moderate
Severe

21
14
19

8
20
9

5
35

8
1

33

4
13
20
5

17
16
9

No. of persons %

50.0
33.3
45.2

19.1
47.6
21.4

11.9
83.3

19.0
2.4

78.6

9.5
31.0
47.6
11.9

40.5
38.1
21.4

Mean age of participants was 74.69 years, with an SD of 12.21
years and a range of 45 to 91 years.
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3 on the MMSE, 6 on the Draw-a-Clock Test, and 4
on the Complex Ideational Material subtest. Four of
the 12 patients with a standardized test score less than
35 scored in the moderately severe range (T-score,
<30) on at least 1 test; 2 of the 6 did so on 2 of the 4
screening tests.

Table 3 shows the cognition test scores and
selected characteristics of the 12 patients who had
standardized T-scores less than 35. Serum osmolality
was available for only 9 of the 12 patients. As shown
in the table, 4 had normal serum osmolality and 5
were dehydrated. No patients who were cognitively
impaired on the tests according to the T-score were in a
state of fluid overload. Table 4 compares the 12 patients
who scored less than the T-score cutoff point with the
30 patients who scored greater than the T-score cutoff
point. The 2 groups were not different in any of the
measured characteristics.

None of the 5 proposed correlates of cognitive
impairment was associated with cognitive impairment
in this sample. Neither age (r = -0.08, P = .32) nor edu-
cation (r = 0.18, P = .13) nor hypotension (r = -0.18,
P = .12) nor serum osmolality (r = -0.006, P = .97) was
related to the summed T-scores of the measures of cog-
nitive impairment.

Discussion
Cognitive impairment is gaining recognition as a

sequela of heart failure. In this study of 42 patients

with heart failure, 28.6% had evidence of impairment
on standardized T-scores of cognitive screening tests.
This rate is similar to that reported by Cacciatore et
al,19 who found that 23% of a sample of 1339 commu-
nity-dwelling patients with heart failure in Italy were
cognitive impaired, defined as an MMSE score less
than 24. The rate is similar also to the 26% found by
Zuccala et al21 in a study of 13 635 patients (1583
with heart failure) admitted to an Italian hospital
between 1995 and 1997 who were classified as cogni-
tively impaired after scoring less than 7 on the
Hodkinson Mental Test. These results differ from
those of an earlier study20 in which 53% of 57 patients
with heart failure scored less than 24 on the MMSE
and were classified as cognitively impaired.

The similarity among studies in the percentage of
the sample considered impaired is interesting because
of the screening measures used. In our study, 4
screening measures were needed to detect cognitive
impairment. However, in most other studies, a single
measure was considered sufficient to detect problems
in cognition. Had we used only the MMSE and the
cutoff-point score used by others (<24), only 2.4% of
the sample would have been suspected of being cogni-
tively impaired. The difference between the percent-
age thought to be cognitively impaired in our study
and the percentages in other studies that used the
MMSE may be due to the education level of the
participants. In the study by Cacciatore et al,19 who

Table 2 Distribution of raw scores on 4 cognitive tests in a sample of community-dwelling persons with heart failure (N=42)

Commands Subtest of the Boston Diagnostic Aphasia Exam (cutoff point for cognitive impairment, <3)
Score

1 2 3 4 5
No. of persons 0 0 0 4 38
% 0 0 0 9.5 90.5

Mini-Mental State Examination (cutoff point for cognitive impairment, <24)
Score

0-21 22 23 24 25 26 27 28 29 30
No. of persons 0 1 0 0 0 2 8 6 14 11
% 0 2.4 0 0 0 4.8 19.0 14.3 33.3 26.2

Draw-a-Clock Test (cutoff point for cognitive impairment, <2)
Score

0 1 2
No. of persons 1 5 36
% 2.4 11.9 85.7

Complex Ideational Material subtest of the Boston Diagnostic Aphasia Exam (cutoff point for cognitive impairment, <10) 
Score

0-6 7 8 9 10 11 12
No. of persons 0 2 3 5 6 13 13
% 0 4.8 7.1 11.9 14.3 31.0 31.0
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detected cognitive impairment in 23% by using the
MMSE, the mean level of education was less than 1
to 5 years of formal schooling. In our study, 80% of
the participants had a high school education or
more. Thus, our finding that only 2.4% (rather than
28.6%) of subjects were suspected to have cognitive
impairment when only the MMSE was used may be
due to the low sensitivity of the MMSE in detecting
cognitive impairment in persons with moderate levels
of education.38

In patients with heart failure, cognitive impair-
ment may be intermittent or subtle in the early stages
and thus not easily recognized. If so, routine screen-
ing is essential to ensure that cognitive impairment is
detected and addressed as quickly as possible. In
order to do so, practical, time-efficient, and sensitive
measures are needed. In our study, only 1 patient had
an MMSE raw score less than 24, but 11 others had
evidence suggestive of cognitive impairment as indi-
cated by 1 or more of the other cognitive tests. These
findings suggest that the single score produced by the

MMSE may be problematic, because information about
possible deficits in memory may be lost when recall is
delayed for 5 to 10 minutes. In this situation, memory
deficits will not be detected when everything else is
normal. Thus, the MMSE may not be the best clinical
screening measure for patients with heart failure.

The highest percentage of patients with cognitive
impairment was detected by using the Draw-a-Clock
Test, and this test is simple to administer. A similar
percentage of impaired patients was detected by using
the Complex Ideational Material subtest, which is
used to assess executive function abilities, but this test
is time-consuming, requires training, and may not be
useful in a busy critical care environment or for most
research studies. Thus, we conclude that the Draw-a-
Clock Test may be the best of the 4 measures for ini-
tial screening of patients with heart failure because it
is easy to administer and readily indicates cognitive
difficulties in these patients.

The observation that only 4 patients scored less
than the T-score cutoff point in more than 1 test is

Table 3 Cognitively impaired participants: cognitive test scores and selected characteristics (n=12)*

Raw and T-scores

300

ND

285

274

ND

286

295

282

ND

306

296

298

Serum
osmolality,

mOsm/L
Age,
years

71

79

80

83

72

83

83

81

58

48

88

82

*Impaired cognition is defined as a T-score less than 35 on at least 1 of the cognitive measures; numbers in boldface indicate that the score
was less than the cutoff point on that test. Dehydration is defined as serum osmolality of 295 mOsm/kg or greater. MMSE indicates Mini-
Mental State Examination; ND, not done.
†Education: 1 = <7th grade, 2 = 8th grade, 3 = high school, 4 = business school, 5 = 2 years of college, 6 = 4 years of college.

3

4

2

3

1

2

3

6

3

2

5

3

8

5

5

10

10

10

6

10

12

8

2

8

Education†

Time with
heart
failure

No. of
medications

18 months

16 months

New

2 years

10 years

1 year

19 months

8 months

3 years

1 year

2.5 years

5 months

4
19.55

4
19.55

5
53.20

5
53.20

5
53.20

4
19.55

5
53.20

5
53.20

5
53.20

5
53.20

5
53.20

4
19.55

Commands
subtest MMSE

28
47.29

29
53.62

28
47.29

30
59.95

22
9.29
28

47.29
26

34.62
27

40.95
29

53.62
27

40.95
26

34.62
27

40.95

2
53.81

2
53.81

1
30.93

1
30.93

2
53.81

2
53.81

1
30.93

1
30.93

1
30.93

0
8.06

2
53.81

2
53.81

Draw-a-
Clock Test

Complex
Ideational

Material subtest

10
46.43

8
32.82

11
53.24

11
53.24

8
32.82

7
26.01

10
46.43

9
39.63

9
39.63

9
39.63

10
46.43

7
26.01
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and fluid overload is generally thought to be associated
with cognitive impairment in heart failure.27 Dehy-
dration was thought to be an unrecognized contribu-
tor to the problem, but the results of this study lend
no support to this hypothesis. Although we found that
dehydration was present in almost half of the patients
whose serum osmolality was measured, the hypothesis
that dehydrated patients are more likely to be cogni-
tively impaired was not supported.

This study was limited by the small sample size
and the missing data on serum osmolality for some
of the patients. Our results were strengthened, how-
ever, by the use of multiple measures of cognitive
impairment because different aspects of cognitive
impairment may have been detected. Although we tested
4 cognitive screening measures in this exploratory
study, other tests may exist that should be assessed in
future studies of cognition in patients with heart fail-
ure. Cognitive screening tools should be tested against
a reference standard, such as a clinical neuropsycho-
logical battery, so that the sensitivity and specificity
of simple measures for detecting cognitive impair-
ment in patients with heart failure could be identified.
Repeated measurement of cognition over time in future
studies would help to determine if cognitive impair-
ment in patients with heart failure is intermittent or
chronic and progressive. If impairment is intermittent,
modifiable factors may be able to be identified.

Further research into the factors associated with
cognitive impairment in patients with heart failure is
needed. Research to determine the iatrogenic factors
and/or the factors amenable to intervention is particu-
larly needed. Although hypotension and fluid shifts
were not associated with cognitive impairment in our
small sample of patients with heart failure, future stud-
ies with larger samples may yet reveal an association.
Other possible mechanisms for cognitive impairment in
patients with heart failure that warrant further study
include depressed cardiac output, decreased cerebral
perfusion, white matter lesions from silent cerebral
infarction,19 and increases in hemodynamic pressure (ie,
pulmonary artery pressure and right atrial pressure).22

Other factors known to be prevalent in patients with
heart failure—depression, multiple medications, nutri-
tional deficiencies—should also be explored as poten-
tial causes of cognitive impairment.

In summary, we found that cognitive impairment
was present in 28.6% of our sample of community-
dwelling patients with heart failure, but 4 tests had to
be administered to detect the impairment. No single
screening test of the 4 tested was sufficient to detect
cognitive impairment in these patients, perhaps
because the impairment is early, intermittent, or of a

interesting and suggests that different aspects of cog-
nition are detected with the 4 measures. Perhaps
patients who are able to live independently in the
community have early impairment of particular cog-
nitive functions that is not detected by using either
the Commands test or the MMSE, but is readily
detected by screening with the Draw-a-Clock Test.
Further research is needed to determine the best cogni-
tive screening measure for patients with heart failure. 

None of the 5 variables thought to be correlated
with cognitive impairment was related, although the
relationship between systolic blood pressure and cog-
nitive impairment was in the expected direction and
might have reached statistical significance with a larger
sample size.46 Surprisingly, age was not associated with
an increase in possible cognitive impairment in this
sample, even though a wide range of patients’ ages
was represented. We were surprised that neither fluid
overload nor dehydration was a significant contributor
to cognitive impairment in this sample of patients.
Fluid shifts are common in patients with heart failure,

Table 4 Comparison of persons with a T-score of 35 or less
versus persons with scores greater than 35 on any of the
screening measures for cognitive impairment (N=42)

Screening measure

Age, years, mean (SD) 

Female, % of patients

Less than high school
education, % of
patients 

New York Heart
Association
functional class,
mean (SD)

Years with heart
failure, mean (SD)

No. of medical
conditions, mean (SD)

No. of routine
medications, mean
(SD)

Fluid overload, % of
patients

Dehydrated, % of
patients

75.7 (11.8)

42

33

2.3 (0.1)

2.3 (2.7)

3.5 (2.3)

7.8 (2.8)

0

55

74.3 (12.6)

33

13

2.7 (0.7)

6.1 (6.2)

3.2 (1.5)

8.3 (3.2)

8

44

Persons with
scores ≤35

(n=12)

Persons with
scores >35

(n=30) P

.75

.37

.15

.16

.06

.58

.64

.53

.42
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particular type. Our findings contribute to the growing
body of literature indicating that cognitive impairment
may be more common than previously thought in
patients with heart failure. Future research should
extend our knowledge about cognitive impairment
associated with heart failure by exploring methods of
measurement, associated factors, and interventions to
prevent or manage this problem.
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