
Introduction

With the increasing size of the elderly population 
worldwide, the concern about the quality of life in the 
face of aging has been a continual subject of study.1-3 
Among the most prevalent pathologies in the elderly, 
cardiovascular and neurological diseases stand out the 
most, with Heart Failure (HF) being the number one 
cause of hospitalizations, morbidity, and mortality, 
amongst other cardiovascular diseases.4

It is well-known that HF, described as a progressive 
disease caused by heart muscle damage, is commonly 
associated with physical alterations, functional loss, 
and even emotional alterations, which contribute to 
the diminishing of one’s quality of life.5 More recently, 
however, the understanding of the cognitive changes 
caused by this pathology has been the main focus 
of study. The etiology of the cognitive changes in 
cardiovascular diseases (HF among them) remains 
unknown, however, the majority of studies confer two 
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Abstract

Background: Among the various pathologies that affect the elderly, Heart Failure (HF) stands out. Recently, an 
attempt has been made to verify the existence of cognitive impairment associated with HF. 

Objectives: To compare the cognitive performance of elderly people with heart failure with that of age-matched 
individuals without this pathology. Check the existence of marked impairment in some cognitive functions in the 
clinical group.

Methods: The sample consisted of 78 elderly people, whose inclusion criterion was the presence of HF and no 
HF (control group); age over 60 years, both sexes, and any level of education. The control group consisted of 37 
individuals (with a median age of 68 years – Interquartile range of 12) and the HF group, with 41 individuals 
(with a median age of 67 years – Interquartile range of 11). The subjects were matched in terms of education level, 
with a predominance of elderly people with 0 to 4 years of education (65.9% in the Clinical Group and 59.5% in 
the Control Group). Eleven neuropsychological tests covering cognitive functions were used: attention, language, 
memory, mood, and executive function. Statistical analysis was performed using SPSS software, version 23, with a 
significance level of 5%. The Chi-square test and the Mann-Whitney test were applied.

Results: The results showed significant differences between the groups, mainly in executive functions, which 
include the ability to plan, switch, and recall previously stored information.

Conclusion: Our study showed differences between the cognitive performance of elderly people with HF and 
elderly people without HF. The main alteration was found in the so-called executive functions, attention, and 
memory. 
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Diseases; Anxiety; Depression; Stroke Volume.
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both sexes, and with any level of education. Subjects 
included those with the loss of ability to understand 
or express speech (aphasia), the presence of motor 
impairment in the dominant upper limb that would make 
graphic production unfeasible, the presence of sequelae 
caused by a cerebrovascular accident/stroke or traumatic 
brain injury, and the diagnosis of neurological and/or 
psychiatric disorders, such as dementia.

The HF group was set up in the HF Emergency Ward 
after reviewing patients’ medical records to verify each 
participant’s inclusion criteria in the research. The control 
group, in turn, was set up using the non-probabilistic 
approach, with the search performed for convenience 
(made in the community at random according to the 
subject's availability and respecting the study inclusion 
criteria). As regards the sociodemographic data, the vast 
majority of the patients were of a low socioeconomic level. 
The HF group was completely comprised of individuals 
who received outpatient care from the Brazilian public 
health system: “Unified Health System” (SUS). The 
control group was paired with individuals with similar 
socioeconomic levels and similar levels of education.

The HF group was classified according to the type of 
HF presented, those being: Preserved Ejection Fraction 
(HFpEF), Reduced ejection fraction (HFrEF), and Ejection 
Fraction "borderline" (EF "borderline"). It was found 
that 51.2% of the individuals of the HF group presented 
Reduced EF (LVEF ≤ 40%), 29..3% presented preserved EF 
(LVEF ≥ 50%) and 19.5% of the HF group sample had EF 
“borderline” (LVEF= 40% to 49%). All data were obtained 
from the patients' medical records.

The evaluator was aware during the test of which 
group each individual belonged to.

 All participants signed the “free and informed consent 
form” (TCLE) before the beginning of the study.

Instruments and procedure

All study subjects underwent neuropsychological tests 
in a single session of approximately 50 minutes and were 
evaluated by the same evaluator. The session time followed 
the pattern of time of a neuropsychological session (time 
needed to apply different testing instruments). The tests 
were applied in the following sequence: Rey Auditory 
Verbal Learning Test (Part A1 to A5, B1, and A6);19 Rey 
Complex Figure Test;20 Wechsler Adult Intelligence 
Scale Subtest (Direct Order and Reverse Order);21 The 
Rey Osterrieth Complex Figure;20 Trail Making Test 
(Form A);22 Rey Auditory Verbal Learning Test (Part A7 

physiological processes, which can explain the presence 
of cognitive impairment in patients with HF that could be 
the hypoperfusion of the brain and multiple cardiogenic 
emboli.6-7

The literature points out that HF affects various aspects 
of cognitive functioning, including attention, learning 
ability, memory (specifically evocation), working 
memory, executive function, and psychomotor speed,8-9 
while language and visual-spatial ability seem to be less 
investigated aspects.10

Memory, on the other hand, is one of the most 
researched and studied cognitive functions, primarily in 
the elderly, perhaps due to it being the biggest complaint 
among patients of this age.11 Mnemonic development 
in HF individuals has also been indicated in most 
studies, pointing to short and long-term verbal memory 
impairment.12-14 Episodic memory changes are noted in 
HF patients above the age of 80.8

Nevertheless, few references mention the executive 
functions, which are those responsible for the ability to 
control and monitor human behavior, mental flexibility, 
decision-making, and problem-solving.15 Discoveries made 
in the change of these functions are still recent14. Mood 
swings due to the presence of such symptoms as anxiety 
and depression can also be found in the elderly.16-18 

Therefore, the present study aimed to compare the 
general cognitive performance in elderly patients with HF 
with elderly individuals from the control group (without 
HF) through neuropsychological tests, as well as to verify 
if there are losses in any specific functions of HF patients. 

Method

This is a descriptive-comparative cross-sectional 
study between two groups of elderly individuals, which 
was performed through neuropsychological testing 
of members of the community and patients of the HF 
emergency ward of a renowned hospital in the city of 
Goiania. The protocol (CAAE:44041414.4.0000.5078) was 
approved by the Ethics Committee of the Hospital das 
Clínicas of Federal University of Goiás.

Characterization of the studied group

Using a significance level of 5.0% and a test power of 
80%, with a margin of error of 7%, the sample consisted 
of 78 elderly people, whose inclusion criteria were the 
presence of HF and without HF (control group – CG). 
Both groups consisted of subjects over 60 years of age, 
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the clinical and control groups subdivided by genre). 
The same test was used to compare the performance 
between the groups in each instrument applied in 
this study.

Results

Demographic characteristics of the sample

The Control Group consisted of 37 individuals, 10 
of whom were male and 27 female. No individuals 
from this group presented any diagnosed cardiac, 
neurological, or psychiatric pathology. In turn, the 
HF group consisted of 41 individuals, of whom 20 
were male and 21 female, all of whom presented 
Symptomatic HF and were under outpatient medical 
follow-up. The socio-demographic data of these 
groups are presented in Table 1.

As significant differences were observed between 
the sexes in the studied groups (HF and CG), as 
seen in Table 1, a comparison of performance in 
each neuropsychological test applied between the 
sexes of each group was carried out separately. Each 
group analysis was conducted and no statistically 
significant differences were noted between the men 
and women of each group. This analysis allows us to 
conclude that the difference between genders (male 

and Recognition);19 Phonemic Verbal Fluency (FAS);22 
Semantic Verbal Fluency (Animals);22 Beck Anxiety Scale, 
and Beck Depression Scale.23 

The results were collected and obtained through 
an initial interview (data collection of individual 
identification and socioeconomic level), medical report 
analysis (comorbidities and ejection fraction data 
from the HF group), and the application of the tests 
mentioned above.

Statistical analysis 

This study chose to use non-parametric tests, since 
it focused on the field of study of cognition, whose 
dimensions are not considered to be corresponding to 
the normal population distribution.

The Statistical Package for the Social Sciences (SPSS) 
software, version 23, was used to conduct statistical 
analyses, and a significance level of 5% was adopted for 
all statistical tests. The data in the tables are presented 
with the average and the interquartile range.

Pearson’s Chi-Square test was applied to compare 
the socio-demographic variables, sex, and education. 
Mann-Whitney’s test was used to compare the age 
variable between the groups as well as the differences 
found between the sexes (by comparing the average of 
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Table 1 – Demographic data of the studied groups –  gender, education, and age variables

HF CG

pn % N %

Gender

Male 20 48.8 10 27.0
0.04

Female 21 51.2 27 73.0

Education

0 to 4 years 27 65.9% 22 59.5%

5 to 8 years 7 17.1% 9 24.3%

9 to 11 years 1 2.4% 4 10.8% 0.26

>  12 years 6 14.6% 2 5.4%

Age HF CG p

AV (IQ) 67 (11) 68 (12) 0.93

AV: Average; IQ: Interquartile Range; HF: Clinic Group-Heart Failure; CG: Control Group; n: number of participants; p: Chi-Square (for gender and 
education variables); p: Mann-Whitney (for age variable)



there is no difference between the neuropsychological 
performance of men and women.24-28

With regard to attention capacity, statistical differences 
were found between the groups. The analysis conducted 
in this study showed difficulties concerning alternate 
attention observed through the Reverse Order Digits test.

Along with the assessment of attention, the assessment 
of mental processing speed was also performed. Mental 
processing speed and attention are functions commonly 
assessed in individuals with HF when compared to 
controls or controls with heart disease.8,13-14

The data found here showed a significant difference 
between the groups in this aspect, which was observed 
through the Trail Making Test, form A. When analyzing 
the performance between the groups, it was noticed 
that the worst performance occurred in the HF Group, 
which showed a delay in the processing speed when 
compared to the CG. This data is similar to the data 
found in other studies, which report impairment 
in psychomotor/mental speed in individuals with 
HF.4,7,12,14,29-31 Therefore, this analysis allows us to take 
into account that individuals with HF have slow mental 
processing, which is compatible with all the symptoms 
presented by this disease.

When referring to the executive function, it is 
important to emphasize that this domain encompasses 
different skills: planning, decision-making, impulse 

and female) observed in the HF and CG groups (with a 
predominance of females in the control group) did not 
interfere in the final analysis regarding the cognitive 
performance of each group.

Statistical analysis of clinical and control groups 
regarding performance on neuropsychological tests

The results regarding the performance in the 
neuropsychological tests performed in this study will 
be presented according to the main function that the test 
intends to evaluate. In this way, the tests were grouped 
according to the following neuropsychological functions: 
attention and executive function (Table 2), language and 
mood (Table 3), and memory (Table 4).

Discussion

No differences between the groups regarding 
socioeconomic demographics (age and education) were 
identified. However, there was a statistical difference 
between the sexes in the evaluated groups, with the 
clinical group having a greater number of elderly males 
than the control group. The difference between the 
sexes did not interfere in the final analysis of the results, 
because when comparing the average performance in 
the tests performed by men and women in each group, 
no statistical differences were observed between them. 
Several studies, in turn, have already pointed out that 
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Table 2 – Statistical analyses between the studied groups for neuropsychological function (NPF) of attention and 
executive function

NPF Tests

HF CG

pAV (IQ) AV (IQ)

Attention

TMT A 14.00 (102) 91.00 (62) 0.05

SD Total 9.0 (5) 10.00 (2) 0.09

DDO 5.00 (2) 6.00 (2) 0.19

DRO 3.00 (2) 4.00 (2) 0.05

UDIOD 4.00 (1) 4.00 (1) 0.15

UDIOI 3.00 (1) 3.00 (1) 0.005

Executive Function
DOI 3.00 (2) 4.00 (2) 0.05

RCF 17.5 (17) 27.50 (9) 0.001

AV: Average; IQ: Interquartile Range; RCF: Rey Complex Figure; TMT: Trail Making Test; SD Total: Digits Score Total; DDO: Digits Direct Order; 
DROI: Dígits Reversed Order; UDIOD: Number of repeated digits in the direct order; UDIOI: Number of repeated digits in the reversed order; p: Mann-
Whitney



performance than what was obtained from the CG, 
which indicated difficulty in planning and organizing 
an activity with a higher level of mental demand, since 
the test is comprised of a complex geometric figure with 
many details.

Alternation ability and mental flexibility were 
evaluated using the Indirect Order Digits test, with a 
significant difference between the groups in this skill.

control, organization, working memory, alternation, 
and self-regulation. The present study evaluated the 
alternation and planning abilities. The data showed 
a difference between the groups, revealing the worst 
performance for the group of patients with HF in terms 
of planning and organization abilities, assessed using 
the Rey's Complex Figure Copy (RCF) test. Patients 
in the HF group presented a significantly lower 
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Table 3 – Statistical analysis between the studied groups for neuropsychological function (NPF) of language and mood

FNP Tests

HF CG

pMd (IQ) Md (IQ)

Language
FAS 18.0 (16) 23.00 (12) 0.03

LF Animals 11.0 (5) 12.00 (6) 0.32

Mood
BAI 11.0 (16) 13.00 (15) 0.82

BDI 10.0 (10) 11.00 (8) 0.24

Md: Median; IQ: Interquartile Range; FAS: Phonemic Verbal Fluency; LF Animals - Semantic Verbal Fluency –Animal Category;  BAI: Back Anxiety 
Inventory; BDI: Beck Depression Inventory; p: Mann-Whitney

Table 4 – Statistical analysis between the studied groups for neuropsychological function (NPF) of memory

FNP Tests

HF CG

pAV (IQ) AV (IQ)

Memory

RAVLT A1 3.00 (1) 5.00 (2) 0.002

RAVLT A5 7.00 (4) 9.00 (2) 0.001

RAVLT Total 29.00 (12) 36.00 (13) 0.001

RAVLT B1 3.00 (2) 4.00 (2) 0.000

RAVLT A6 5.00 (3) 7.00 (4) 0.001

RAVLT A7 5.00 (2) 8.00 (3) 0.001

RAVLT Rec 11.00 (5) 13.00 (3) 0.023

RAVLT False Pos. Total 4.00 (7) 3.00 (7) 0.95

RAVLT False Pos. B 3.00 (5) 2.00 (4) 0.84

RCF Memory 5.50 (8) 11.50 (8) 0.0000

DRO 3.00 (2) 4.00 (2) 0.05

AV: Average; IQ: Interquartile Range; RAVLT: Rey Auditory Verbal Learning Test; A-List A; Total- total responses obtained in the five presentations on 
list A; B- interference list; Rec- Recognition of List A items through multiple choice presentation; False Pos.-  
intrusions committed in recognition tasks; RCF-Rey Complex Figure; DRO: Digits Reverse Order; UDIOD: Number of digits repeated in direct order; 
UDIOI: Number of digits repeated in reverse order; p: Mann-Whitney



These data corroborate the results found by Vogels 
et al.14 who pointed out similar results with symptoms 
of depression and anxiety in individuals with HF, 
individuals with heart disease, and individuals in 
the control group (with healthy aging). Studies only 
with individuals with HF also report the presence 
of symptoms of depression in this population,18,30,32 

which are associated with decreased cognition and, 
consequently, greater functional dependence and less 
participation in society.

The high prevalence of symptoms of depression in the 
elderly population in Brazil has been confirmed in many 
studies.33-34 Aspects related to the perception of health 
itself (negative perception and fear of falls, diseases, 
among others) are an important factor associated with 
the presence of depressive symptoms in the elderly. The 
perception of health is a subjective fact, and it refers to 
how the person sees their general condition, including 
biological, psychological, and social factors.33 Hence, 
taking into account the current situation in Brazil, both 
in terms of health care and how the elderly are treated by 
society, we can justify that the similar results presented 
by the groups in the assessment of mood are most likely 
due to the perception that the elderly have concerning 
their health and future in Brazil, whether in the presence 
of an established pathology or not.

It is noteworthy that most studies conducted to 
assess mood aspects use self-report instruments 
that depend on the individual's self-assessment and 
self-perception, which can interfere with the real 
prevalence of these factors.

Memory is the main complaint and concern brought 
up by the elderly population. In this study, the mnemonic 
performance for auditory and visual stimuli was chosen 
to be evaluated, together with working memory. The 
assessment of auditory mnemonic performance was 
performed using the Rey Auditory-Verbal Learning 
Test. Concerning short-term auditory memory (RAVLT 
A1), a difference was observed between the evaluated 
groups. This data suggests that short-term auditory 
memory has a worse performance in HF when compared 
to CG. During the test, the stimuli continued to be 
presented, and the individual was asked to recall each 
attempt (new presentation of the stimuli) so that we 
could verify the learning capacity when faced with the 
new content. It was observed that the groups showed a 
significant difference amongst themselves at the end of 
the learning curve (RAVLT A5). The IC group showed 
worse performance when compared to the control group, 

The impairment of executive functions has been 
indicated and evidence has been verified in different 
studies.8,13-14,29-32 Executive impairments, also known as 
executive dysfunction, are commonly associated with 
reduced instrumental activities, both leisure and social, as 
well as difficulty performing daily routine activities in HF 
patients. Discrepant performances regarding language 
domain were observed between the groups through the 
assessment of the Phonetic Verbal Fluency (PVF) test; 
however, in the Semantic Verbal Fluency (Animals), no 
difference was found in performance when comparing 
both groups.

It is worth noting that the verbal fluency test is 
a test that suffers significant interference from the 
processing speed (the individual must reproduce words 
of a letter or semantic category in a pre-established 
time of 1 minute) and executive function (the search 
for information is performed by this area of   the brain, 
more specifically by the frontal lobe). Considering, 
therefore, that language ability, specifically assessed 
by verbal fluency tests, suffers interference from these 
two domains (processing speed and executive function), 
and that most studies point out impairments in these 
cognitive domains in HF individuals, verbal fluency 
may have been altered as a result of the losses of 
other domains (executive and processing speed). This, 
therefore, is the justification for the poor performance of 
patients in the HF group in the phonemic verbal fluency 
test. Thus, it can be said that the primary impairment 
of patients with HF is in the executive functions and 
processing speed; however, they can also interfere in the 
performance of other cognitive functions, as occurred 
in this study when language was assessed.

The present study opted to analyze and evaluate the 
presence of symptoms of depression and anxiety in the 
elderly population, although it is observed that anxiety 
is rarely reported and studied in this population when 
compared to depression. No differences were found between 
the evaluated groups as regards the presence of symptoms 
of depression and anxiety. However, when analyzing the 
average obtained by the two groups studied, on both the 
Beck Depression Scale and the Beck Anxiety Scale, both 
groups presented results considered to be in the mild range, 
that is, there is a mild presence of symptoms of depression 
and anxiety, as set forth by the Portuguese Version of the 
Manual of the Beck Scales.22 These data demonstrated that 
as many CG individuals as those with HF presented mild 
mood impairments (anxiety and depression), despite not 
showing statistical differences between them.
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information and actions. It was observed that patients 
with HF had a worse performance in copying the Rey 
Complex Figure when compared to CG due to a change 
in executive performance (specifically in planning). Thus, 
the poor performance presented in memory is related to 
executive impairment. Oliveira and Rigoni20 confirm this 
information by stating that the better the organization 
and planning during the execution of the copy of the 
figure, the better its recall.

Working memory, which refers to the temporary 
storage and manipulation of information in a short period 
of time38 was also evaluated in this study through the 
performance in the Reverse Order Digits subtest. The 
number of numbers that individuals can repeat in reverse 
order (UDIOI) was also evaluated. The working memory 
ability differed between the evaluated groups, differing 
from the data found by Pressler et al.30 in their study.

The data found in this study clashes with some 
previously conducted studies when evaluating the 
memory capacity in patients with HF. This can occur 
due to the different instruments used and the fact that 
most studies refer only to the total performance value in 
the memory test, not considering the different types of 
memory and stages of this process, which are: encoding, 
consolidation, storage, and recovery.7,23,38

Another factor that can justify the discrepancy found 
refers to the fact that, in the elderly, the decrease in 
mnemonic performance may not be attributed to a 
memory alteration itself. It is known that, in elderly 
persons, other factors interfere in the mnemonic process, 
such as a slow processing speed (which can directly or 
indirectly interfere with the processing time of complex 
sequences/operations), as well as the reduction of 
attentional resources available for cognitive processing 
(the reduction of attention associated with age interferes 
with the elderly person's ability to carry out cognitively 
demanding processes, such as coding operations and 
the elaboration of information retrieval strategies, which 
are important in the learning process). Furthermore, 
the elderly have deficits in inhibitory control associated 
with age. Inhibitory control is important for memory, 
as it controls access to working memory by delimiting 
access to relevant information, as well as supporting 
the inhibition of information overload and controlling 
possible situationally inappropriate responses. Allied 
to these factors are impairments in the executive control 
of the elderly. In this case, we are referring to automatic 
processes (which require little attention span and occur 
without intention) and controlled processes (which 

despite demonstrating benefits in terms of repetition for 
learning, qualitatively observed by an increasing learning 
curve. The low performance presented by the HF group 
may have suffered interference from the mental fatigue 
presented throughout the testing situation. Thus, it can 
be stated that short-term auditory memory in patients 
with HF differed from the control group, corroborating 
Sauvé’s study.31

Still analyzing the auditory mnemonic performance, 
the IC group showed a worse performance than did 
the CG when a new list of words to be memorized was 
presented (RAVLT B1) and when they should evoke 
the previously memorized words after the interference 
(RAVLT A6). The presentation of a new list (B1) assesses 
the individual's ability to resist the effect of proactive 
distractors, that is, the interference of previously learned 
content on the learning of new content.35 The impairment 
presented between the groups can be explained by 
the difficulty in alternating, which is characteristic of 
impairment in the executive function. The difficulty of 
switching was observed in this study in individuals with 
HF and has been highlighted above. This means that 
when faced with a new list (List B), individuals with HF 
demonstrated difficulty in returning to the first list (List 
A), which had been previously presented.

Long-term auditory memory (RAVLT A7) was also 
worse in patients with HF, as well as in the face of cues 
for recollection (RAVLT Rec). Data analysis allowed 
us to identify that the two studied groups showed 
impairment in information retrieval, which refers to 
impairment associated with frontal alterations (related 
to executive functions). It is known that many memory 
changes in the elderly are related to the loss of frontal lobe 
functions, a region that is extremely vulnerable to aging, 
both structurally and functionally.36 This means that the 
HF group, as well as the CG, can store the information 
presented, but cannot retrieve it spontaneously, needing 
clues and tips due to predominantly frontal alterations.

For the short-term visual memory assessment, the 
Rey's Complex Figure test was used, which is one of 
the most commonly used neuropsychological tests in 
clinical practice to assess visual memory and some 
functions of planning and executing actions.37 The HF 
group performed worse than the CG in this skill. The 
low impairment of visual memory occurred as a result 
of the difficulty in planning during copying, which 
interfered with its subsequent recall. Executive functions, 
which are associated with frontal areas, have, among 
other functions, the function of planning and organizing 
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this study and was aware of which group each elderly 
person belonged to during the application of the tests.

Conclusions

The present study showed evidence of the differences 
between the cognitive performance of elderly individuals 
with heart failure and elderly individuals who are free of 
this pathology. The main identified changes were in the 
so-called executive functions and attention, these brain 
functions being associated with the prefrontal and frontal 
regions. The changes in memory previously shown in 
other studies have also been noted in this research. 
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are those that require focused attention as well as the 
intention to carry out the activity). Automatic processing 
is unaltered in the aging process, while the controlled 
processing declines with age.11 Thus, it can be concluded 
that in individuals with HF, memory and learning 
capacity were impaired; however, other cognitive 
impairments (attention and executive functions) interfere 
in the process of consolidation, acquisition, and recall of 
short-term and long-term information.

Considering all the data discussed in this study, 
the importance of neuropsychological assessment in 
elderly patients with HF was noted. The assessment 
becomes important since cognitive impairment in these 
individuals can compromise the ability to recognize 
the worsening of HF symptoms and the ability to make 
appropriate decisions about their own health. In addition, 
cognitive impairments generate difficulty in drug 
management, which increases the risk of decompensation 
of HF, hospitalizations, and even death. It is also known 
that the association between cognitive deficits in HF 
directly interferes with one’s quality of life.8,13-14

As regards the limitations of the study, it should 
be highlighted that this study did not compare the 
presence of brain alterations measured through imaging 
exams with the identified cognitive alterations. Such a 
comparison could explain which factors could be related 
to cognitive alterations, allowing for a better prognosis 
of the condition. Another limitation of the study was 
that it did not compare the HF functional class in the HF 
group, the presence of fragility, the presence of Chronic 
Obstructive Pulmonary Disease (COPD), and which 
drugs were being used in this same group (HF). Thus, 
it was not possible to verify whether there is a direct 
relationship between greater severity of the disease 
and worse cognitive impairment. Another key limiting 
factor is the fact that the evaluator was not blinded in 
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