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ABSTRACT
Background: Cardiovascular fitness is associated with 
cognition in advanced age. Cardiovascular disease (CVD) 
is a risk factor for cognitive decline beyond the normal 
aging process, thus we investigated this association in 
CVD patients.

Method: Patients in phase III of cardiac rehabilitation 
were divided into high and low cardiovascular fitness 
groups based on their predicted peak VO2. Cognition 
was assessed by a battery of neuropsychological tests 
examining memory, attention, visual spatial function, 
executive function and global cognitive score.

Results: The two groups were similar on reported physical 
activity and on the Mini-Mental State Examination 
(MMSE). However, the high fitness group had significantly 
higher scores than the lower fitness group on attention 
and on the global cognitive score, and marginally 
significant scores on executive functioning. 

Limitation: Due to the small sample size no differentiation 
was made among the various CVD conditions. 

Conclusion: Higher cardiovascular fitness of CVD patients 
is associated with superior cognition – predominantly in 
attention and executive functioning.  

Address for Correspondence:  Yael Netz, PhD, The Wingate College of Physical Education and Sport Sciences, Wingate Institute 4290200, 
Israel   neyael@wincol.ac.il

relatively healthy older adults (1). In a previous study 
we were able to demonstrate an association between 
multidomain cognitive function and cardiovascular fit-
ness in healthy participants aged 77.54 (+5.28) years 
– older than those previously studied (2). In that study 
participants performed a graded maximal exercise test, 
and based on their peak VO2 scores were divided into 
a low-fitness and a high-fitness group. Their cognitive 
status was then assessed by means of a computerized 
neuropsychological battery. Although the two groups 
were very similar in terms of demographic, physical and 
clinical characteristics, the moderately-fit group achieved 
significantly better scores on a global cognitive score, 
and a significant correlation was found between peak 
VO2 and attention, executive function, and the global 
cognitive score. In the present study we explored this 
association in older cardiac patients. 

Cardiovascular disease (CVD) has long been known 
as a risk factor for cognitive decline above and beyond 
the normal aging process (3), ranging from minimal 
difficulties in memory, psychomotor speed and executive 
function (4-6), to dementia (6, 7). Impaired cognitive 
function is observed in persons with CVD even in the 
absence of major cardiac events (7).

Several mechanisms have been proposed as contribut-
ing to cognitive dysfunction in CVD patients. In addition 
to reduced cerebral blood flow (8) that is also attributed 
to old age in general, impaired cardiovascular reactivity 
to the autonomic nervous system signaling indicated by 
reduced heart rate recovery (9), elevated total plasma 
homocysteine and loss of cerebral grey matter (10), as 
well as poor cardiovascular fitness (11), all have been 
proposed as contributing to cognitive deterioration, 
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specifically in CVD.
In spite of the increased risk of cognitive decline 

beyond the normal aging process that occurs in CVD, 
there are relatively few studies exploring the association 
between cardiovascular fitness and cognitive performance 
in older adults with CVD. Three of them (11-13) reported 
on exercise intervention, albeit without a control group, 
in CVD patients with mixed clinical backgrounds (e.g., 
myocardial infarction, coronary artery disease, heart 
failure, cardiac surgery, etc.), assessing cognition and fit-
ness before and after 12 weeks.  All three studies reported 
on improvements in fitness as well as in attention and/or 
psychomotor abilities or executive functioning. 

Other studies found an association between cardio-
vascular fitness and executive functioning (14), executive 
function and language (9) and psychomotor processing 
speed and complex attention (15). Studies focusing spe-
cifically on heart failure patients reported an association 
between aerobic endurance and executive function and 
language (16), and between cardiovascular fitness and 
executive function, attention and memory (17).  All five 
studies also reported an association between cardiovas-
cular fitness and general mental status (assessed by the 
Mini Mental State Examination – MMSE; 18). 

Interestingly, the majority of the above-mentioned 
studies were conducted fairly close to the CVD event or 
to the condition diagnosis, during phase II of a cardiac 
rehabilitation program. The mean age of participants in 
all five studies did not go beyond 68, and in most of them 
the mean age was even younger than that. To the best of 
our knowledge, no studies have explored the relationship 
between cardiovascular fitness and cognition in phase 
III – the maintenance stage of cardiac rehabilitation. It 
is well evidenced that people live longer today, including 
people who are chronically ill (19). For example, the 
prevalence of chronic heart failure is estimated to be 
10% among those over the age of 75, rising to 15-20% 
among the population over the age of 80 (20). Given that 
cognitive functioning of CVD patients may deteriorate 
beyond the normal aging process (3), and that increased 
cardiovascular fitness may attenuate this deterioration 
(13), studying the relationship between fitness, cognition 
and aging may be more crucial in CVD patients than in 
healthy older adults. 

Our study aims to extend the knowledge of the associa-
tion between cardiovascular fitness and cognitive function 
among CVD patients enrolled in a cardiac rehabilitation 
center, in three aspects: 1. We extended the study of 
this association to stage III – the maintenance stage of 

cardiac rehabilitation; 2. Participants were older (mean 
age 72.9) than those previously reported on; and 3. We 
used a novel adaptation of traditional neuropsychological 
tests, providing an overall measure of cognitive function 
as well as an evaluation of specific cognitive domains. 

In this study we followed the same concept used in 
our previous study, conducted on older adults with no 
cardiovascular disease (see 2). Participants were divided 
into two fitness groups, and were compared first on 
demographic and clinical characteristics and then on 
the cognitive scores. Our previous study reported that 
the two fitness groups of older adults with no CVD did 
not differ demographically or clinically. Furthermore, 
they did not differ in terms of general mental status 
(assessed by the MMSE). However, they did differ on 
more specific neurocognitive measurements as assessed 
by the multidomain neuropsychological battery.  

METHODS

PARTICIPANTS
CVD patients aged 60 and over, who had participated in 
a cardiac rehabilitation program for at least nine months, 
were recruited from two cardiac rehabilitation centers: 
Wingate College Center (n=24) and Meir Medical Center 
(n=25). Individuals with a history of myocardial infarc-
tion, coronary artery bypass, hypertension, atrial fibril-
lation, diabetes, heart failure, ischemic heart disease, 
percutaneous transluminal coronary angioplasty, open 
heart surgery, or valve repair or replacement were eligible 
to participate. Exclusion criteria included current signs 
of dementia indicated by a score of below 24 on the 
MMSE (18), and/or a history of significant neurological 
(e.g., stroke) or psychiatric (e.g., schizophrenia, bipolar 
disorder) problems, to prevent confounding explanations 
for cognitive functioning.  Individuals who were unable 
to use a computer (due to difficulties in vision or motor 
function) and smokers were also excluded. 

Figure 1 describes the procedure for participation in 
the study. At the center located at Wingate College, a 
relatively small center, all eligible patients – 24 out of 44 
registered patients – signed the informed consent and 
completed the tests. At Meir Center, out of 160 eligible 
patients 35 were willing to participate and signed the 
informed consent. Seven withdrew consent later, without 
providing any explanation, and three could not find 
suitable time and thus did not complete the tests. Thus, 
49 individuals – 24 from the Wingate Center and 25 
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from Meir Center – with an average age of 72.9 (±7.57), 
participated in the study. 

Participants visited the cardiac rehabilitation center on 
a regular basis two or three times a week. Their routine 
in the center included a customized exercise plan devel-
oped for each patient. The individualized plan generally 
consisted of 30 to 60 minutes of treadmill walking, 15 
minutes of stationary cycle, and between 6 to 8 exercises 
(lasting 15 to 20 minutes) for developing muscle strength 
and endurance in the main muscle groups of abdominals, 
legs and arms. 

The study was approved by the Ethics Committee of 
the Meir Medical Center (Kfar Saba, Israel), and it con-
forms to the provisions of the Declaration of Helsinki. 
All participants provided written informed consent for 
participation in the study, including their permission to 
use information from their files. 

CLINICAL ASSESSMENT
Demographic information, including exercise routine 
(minutes per week) in the cardiac rehabilitation center 
and at home, was collected via a face-to-face interview. 
Medical history and health details were obtained from 
the participants’ files. The MMSE (18) was used as a 
preliminary tool for cognitive screening, the 15-item 
Geriatric Depression Scale (GDS; 21) was utilized for 
detecting depression, and the Lawton and Brody Scale 
(22) was administered for assessing functional status for 
instrumental activities (IADL). For the purpose of the 
study, a score of 0-2 on the GDS was considered to be 
no depression, and >3 partial depression. A score of 1 on 

the Lawton IADL was considered high functioning, and 
>1 below normal functioning. Medications were coded 
according to therapeutic categories (e.g., antihyperten-
sives, anticoagulants, lipid lowering). 
ASSESSMENT OF CARDIOVASCULAR FITNESS 

Participants performed a graded, progressive, maxi-
mal exercise test on a motorized treadmill (Woodway, 
Germany) for assessing their estimated peak VO2 and 
maximal heart rate (HRmax). Estimated peak VO2 pro-
vides a reasonably accurate reflection of an individual’s 
fitness at a reduced risk (23), and thus is widely used in 
older adults in general (24) as well as in CVD patients 
(9, 11, 13). The method of testing was identical to that 
used in our previous study (see 2). For the duration of the 
test the electrocardiogram (ECG), heart rate (HR), blood 
pressure, and rating of perceived exertion were monitored 
continuously, using a 12-lead ECG, a sphygmomanom-
eter, and the Borg scale (25), respectively. Participants 
with abnormal cardiac signs or symptoms were excluded 
from the study. The test commenced with 2-5 minutes 
of practice and adaptation. Based on the modified Balke 
protocol (23), an initial speed of 3.2 km/hr with a gradient 
of zero was determined. The gradient was increased by 
2.5% every 2 minutes until a symptom appeared (e.g., 
dizziness, breathlessness, changes in ECG, etc.), limited 
max was reached, or until the subject reached exhaustion. 
The test lasted 6-13 minutes (mean 9.75±1.6).   

Prediction of peak VO2: Peak VO2 was estimated from 
the last stage of the graded maximal treadmill exercise 
challenge. The following equation was used to estimate 
peak VO2 for each subject: VO2 (ml*kg-1*min-1) = 0.1 
(final speed) + 1.8 (final speed) (final fractional grade) 
+ 3.5 ml*kg-1*min-1 (23). 

COMPUTERIZED BATTERY OF  
NEUROCOGNITIVE TESTS
Computerized cognitive tests were performed using the 
NeuroTrax (NeuroTrax Cognitive Assessment System, 
Modiin, Israel), which provides an overall measure of 
cognitive function as well as an evaluation of specific 
cognitive domains. It consists of software that resides 
on a local testing computer and serves as the platform 
for interactive cognitive tests (26). The battery, which is 
simple to use and requires no previous computer expe-
rience, is comprised of the following tests: Go-NoGo 
Response Inhibition, Verbal Memory, Stroop Interference, 
Nonverbal Memory, Catch Game and Visual Spatial 
Orientation. The scoring procedure has been described 
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in detail elsewhere (e.g., 26). Briefly, scores for 
the Go-NoGo and Stroop include accuracy 
and reaction time (RT); in order to capture 
performance both in terms of accuracy and RT, 
a performance index is computed as (accuracy/
RT) x 100. Scores for Memory (Verbal and 
Nonverbal) include accuracy of four repeti-
tions, mean accuracy of the four repetitions, 
and delayed memory accuracy. Scores for 
Catch Game include time of first move, first 
move response time standard deviation, aver-
age number of direction changes per trial, and a 
total score – summed accuracy across sublevels 
weighted by difficulty (range 0-1000). Scores 
for Visual Spatial Orientation were calculated 
as total accuracy. 

To permit summarizing the performance in each out-
come parameter across different types of scores (e.g., 
accuracy, RT), each score was normalized and applied to 
a standard score scale (mean, 100; SD, 15) in an age- and 
education-specific fashion. Normalized scores were aver-
aged to produce four summary subtests, each indexing a 
different cognitive domain, as follows: Memory – mean 
accuracies for learning and delayed recognition phases 
of the Verbal and Nonverbal Memory tests; Attention –  
mean RT for the Go-NoGo test and the no interference 
(meaning) phase of the Stroop test and mean standard 
deviation of RT for the Go-NoGo test; Visual-spatial – 
mean accuracy for the Visual-Spatial processing test; 
Executive function – performance indices for the Stroop 
test and Go-NoGo test and mean weighted accuracy for 
Catch Game. These cognitive domains, and a Global 
Cognitive Score computed as the average of these cogni-
tive domains, provided a measure of cognitive function 
(2, 26). 

PROCEDURE
Participants in both cardiac rehabilitation centers were 
invited to take part in the study. Possible candidates were 
interviewed by trained research assistants, were provided 
with general demographic and medical data, and received 
an outline of the proposed study. Those who expressed 
an interest in participating in the study provided written 
informed consent following a detailed explanation of the 
study. Participants completed the cardiac and cognitive 
evaluation on separate occasions, each in his/her reha-
bilitation center (at Wingate College Center or at Meir 
Medical Center). The clinical assessment was performed 

prior to the cognitive evaluation. As participants in both 
centers routinely undergo the cardiac evaluation every 
six months, we used the data from their last evaluation 
prior to the cognitive evaluation. The time between the 
cardiac and cognitive evaluations was therefore no more 
than six months.

DATA ANALYSIS
Following the concept used in our previous study (see 
2), we divided the participants into two fitness groups, 
and compared them first on demographic and clinical 
characteristics and then on the cognitive scores. The two 
fitness groups were created as follows: participants were 
first divided into three age groups: 60-69.9 (N=19, 15 
men), 70-79.9 (N=21, 17 men) and 80+ (N=9, all men), 
and we then used the median value for differentiating 
between high and low fitness for each age and gender 
group separately.  We did not use the official American 
College of Sports Medicine (23) age and gender norms of 
peak VO2 (which are based on percentile values for each 
age decade) for two reasons: 1. No norms were provided 
for age 80 and above; and 2. Had we chosen the 50th 
percentile as a cutoff point for the other two age groups 
(60-69.9 and 70-79.9), we would have had only a small 
number of people in the high fitness group.  

Table 1 presents the age and gender distribution within 
the fitness groups and the median values for each group. 
If a person had a peak VO2 score identical to the median 
value, we placed him or her in the group where the next 
person had a score similar to his or her score. For example, 
if a man in the 70-79.9 age group had a score of 25.20 
ml*kg-1*min-1 (the median value for this group), the next 
person in the high fitness group had a score of 28.00 and 

Table 1.  Age and gender distribution within the low and high fitness groups 
based on median scores

Age range Low fitness 
 (N)

High fitness
(N)

Median value of predicted 
peak VO2 (ml*kg-1*min-1)

60-69.9 

men 6 9 31.85

women 2 2 21.18

70-79.9 

men 9 8 25.20

women 2 2 18.03

80+ 

men 4 5 23.10

Total=23 Total=26
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the next person in the low fitness group had a score of 
24.85, then we placed the person with the median value in 
the low fitness group. Among the men in the 60-69.9 age 
group, there were two with a score of 31.85 ml*kg-1*min-1 
(identical to the median value), which was closer to the 
high fitness group. Both men were therefore placed in 
the high fitness group. 

RESULTS
Demographic, physical and clinical characteristics of the 
two groups are presented in Table 2. No differences were 
found on these variables except for height differences 
among the women. The two groups had similar clinical 
characteristics in terms of cardiovascular diseases, medi-
cations and the time since the cardiac event. However, 
a significantly (Fisher’s Exact Test) greater number of 
participants in the low-fitness group were more limited 
in IADL (p=0.04), and suffered more from hypertension 
(p=0.04), than those in the highly fit group. 

Table 3 presents the detailed scores of the neuropsy-
chological tests for the two fitness groups. In terms of 
absolute values, the higher cardiovascular fitness group 
demonstrated better scores on virtually all the parameters, 
in terms of both accuracy and RT, than the low-fitness 
group. Although in most cases differences were not sig-
nificant, the pattern of scores consistently favored the 
high fitness group. 

The cognitive domains scores for the two groups 
are demonstrated in Figure 2. A clear pattern for bet-
ter scores in the highly fit compared to the low-fitness 
group was present for all scores. Significantly bet-

Table 2. Demographic, physical, and clinical characteristics of 
the low and high fitness (predicted peak VO2) groups

Variables Low fitness, 
 (N=23) 

High fitness,
  (N=26)

Age, mean years (SD) 73.71 (8.00) 72.17 (7.28)

Height, mean cm (SD)

Men 175.47 (6.12) 173.68 (7.05)   
Women 153.00 (2.16) 160.50 (3.32)*    

Weight, mean kg (SD)

Men 86.61 (9.16) 81.05 (10.67)    
Women 67.50 (12.16) 74.75 (14.48)    

BMI, mean (SD)

Men 28.21 (3.45) 26.80 (2.51) 
Women 28.90 (5.54) 28.96 (5.69)    

Education, mean years (SD) 14.83 (2.84) 14.81(2.65)

Physical activity per week,  
mean min. (SD) 284.43 (230.21) 368.77 (272.48)

Handedness, left-handed (N) 3 1
Computer experience (N)
Frequently 17 15
Seldom 6 11
MMSE, mean score (SD) 28.26 (1.57) 28.85 (1.22)

Geriatric Depression Scale (N)

No depression (score 0-2) 15 19 
Partial depression (score 3-7)˟ 8  7
Lawton (IADL) (N)
Normal (score 1) 14 23†
Below normal (score >1) 7 3
Months since cardiac event (SD) 96.22 (82.76) 85.88 (65.50)
Medication Groups (N)**
Antihypertensives 22 22
Anticoagulants 18 23
 Lipid lowering 18 23
Other 14 14

Heart Disease Groups (N)**

Myocardial infarction 10 14
Coronary artery bypass 11 11
Hypertension 18 12†
Atrial fibrillation 8 3
Diabetes 12 7
Heart failure 4 2
Ischemic heart disease 2 3

Percutaneous transluminal 
Coronary angioplasty 1 1

Open heart surgery 1 0
Valve repair or replacement 1 1

BMI = Body Mass Index, MMSE= Mini-Mental State Examination 
IADL= Instrumental Activities of Daily Living 
* t test p<0.05
˟ One person in the low fitness group had a score of 11
† Fisher’s Exact Test p<0.05
** Participants may belong to more than one group 

Figure 2.  Cognitive domain scores of the two  
fitness groups normalized (mean 100; SD 15) in an age- 
and education-specific fashion
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ter scores for the high VO2 group were observed for 
Attention (Cohen’s d=0.61) and the Global Cognitive 
Score (d=0.58), and were marginally significant (p=0.06; 
d=0.53) for Executive Function. Pearson correlations 
assessing the relationship between the scores on each 
cognitive domain and the predicted peak VO2 scores 
were significant for Attention (r=0.35, p=0.01), Executive 
Function (r=0.32, p=0.02) and the Global Cognitive 
Score (r=0.30, p=0.03). 

Pearson correlations between the cognitive domains 
and amount of physical activity per week were non-
significant (range: -0.25 to 0.11). Pearson correlation 
between the amount of physical activity per week and 

the predicted peak VO2 scores was also non-significant 
(r=0.08; p=0.59).

 Since the predicted peak VO2 groups differed with 
regard to the Lawton IADL and hypertension, t-tests 
were performed for assessing differences in the Global 
Cognitive Score between normal and below-normal 
Lawton scores, and between participants suffering from 
hypertension and those not suffering from hyperten-
sion. No differences on the Global Cognitive scores were 
detected between participants having normal and below 
normal Lawton IADL (t47=1.23, p=0.2), or between par-
ticipants suffering or not suffering from hypertension 
(t47=0.91, p=0.37).  

Table 3. Detailed scores of the neurocognitive tests for the low and high fitness (predicted peak VO2) groups* 
t-test
p value

High fitness,
 (N=26)

Low fitness, 
(N=23)Outcome parameterNeurocognitive test

0.1199.31 (8.35)92.78 (17.57)AccuracyGo-NoGo

0.09105.38 (11.19)96.62 (21.30)Reaction time

0.08103.14 (12.60)95.39 (17.79)Performance Index 

0.3294.63 (14.15)90.17 (17.15)Accuracy, 1st repetition Verbal Memory

0.3297.01 (15.30)92.45 (16.11)Accuracy, 2nd repetition 

0.8894.14 (18.63)93.40 (16.32)Accuracy, 3rd repetition 

0.4196.49 (17.60)92.46 (16.37)Accuracy, 4th repetition 

0.4394.83 (16.82)91.05(16.72)Accuracy, all repetitions 

0.3195.76 (16.85)90.62 (18.03)Delayed verbal memory

Stroop Test

0.57100.47 (10.12)98.20 (16.99)AccuracyNo interference letter color  

0.06105.22 (9.82)96.02 (19.85)Reaction time

0.32104.40 (14.76)99.38 (19.51)Performance Index 

0.3997.97 (13.77)93.38 (22.26)AccuracyNo interference word meaning 
(choice reaction time test)Stroop Test (cont’d)

0.05105.53 (12.02)94.23 (23.03)Reaction time

0.05104.19 (12.55)95.38 (18.00)Performance Index 

0.6295.14 (17.52)92.77 (15.20)AccuracyInterference color vs meaning 

0.9496.97 (18.22)97.36 (14.53)Reaction time

0.5897.28 (16.64)94.65 (15.83)Performance Index 

0.8197.43 (17.22)96.30 (15.82)Accuracy, 1st repetition Non Verbal Memory

0.66100.15 (15.66)98.24 (14.00)Accuracy, 2nd repetition 

0.6298.61(14.67)96.43 (15.92)Accuracy, 3rd repetition 

0.9997.15 (15.75)97.11 (15.92)Accuracy, 4th repetition 

0.7698.08 (16.16)96.73 (14.95)Accuracy, all repetitions 

0.8199.03 (16.36)100.17 (15.92)Delayed non-verbal memory Non Verbal Memory (cont’d)

0.20105.88 (16.82)98.99 (20.31)Time to make first moveCatch Game

0.51102.70 (15.26)99.53 (18.01)First move response time SD

0.75101.06 (15.96)99.43 (19.04)Average number of direction 
changes per trial

0.15104.35 (17.44)96.84 (18.27)Total score

0.14105.96 (15.92)98.20 (19.10)Total accuracy Visual Spatial Orientation

*NOTE: Scores have been normalized and applied to a standard score scale (mean, 100; SD, 15) in an age - and education-specific fashion.



61

YAEL NETZ ET AL.

DISCUSSION
CVD is a risk factor for cognitive decline above and 
beyond the normal aging process (3), however there are 
relatively few studies exploring the association between 
cardiovascular fitness and cognitive performance in 
CVD patients. The present study extends the evident 
relationship between cardiovascular fitness and cogni-
tive functioning in advanced age (1, 2) to older CVD 
patients participating in cardiac rehabilitation programs. 
Our findings indicate that higher cardiovascular fitness 
is associated with enhanced cognitive functioning, in 
particular with attention and executive functioning. 
While these results support previous studies reporting 
such a relationship fairly close to the CVD event or to the 
condition diagnosis (phase II of the cardiac rehabilitation 
program) (9, 14, 15), the present study is innovative in 
examining this relationship in the maintenance stage 
(phase III) of cardiac rehabilitation – an average of 90 
months after the condition diagnosis, as well as in ages 
older than previously reported, when the CVD patients 
have been exposed to the aging process for a longer 
period of time. 

Although participants visited the cardiac rehabilitation 
center on a permanent basis – two to three times a week, 
and maintained a routine of physical activity, their cardiac 
fitness relative to their age norms (23) was low. The two 
fitness groups were quite similar in all demographic and 
clinical aspects, including in reported physical activ-
ity, but differed in cognitive functioning. This finding 
supports our previous study suggesting that physical 
fitness and not physical activity is related to cognition 
(2). The methodological limitation of a self-report mea-
surement may explain these findings. Staying in the 
cardiac rehabilitation center 90 minutes or more twice 
or three times a week does not necessarily mean being 
active all that time. The visits to the center also involve 
social interactions, including chatting, drinking coffee, 
etc. Yet the participants tended to report all this time as 
physical activity. 

 Another explanation may be that one of the patho-
physiological mechanisms associated with CVD may 
contribute to the observed cognitive deterioration or to 
the reduced cardiovascular fitness in this population. 
For example, CVD is associated with elevated plasma 
homocysteine and loss of cerebral gray matter volume 
(10), which may not be related to physical activity; alter-
natively, a greater amount of physical activity is needed 
to increase cardiovascular fitness as well as to alter this 

mechanism. A previous nine-year longitudinal study 
(27) showed that walking at least 72 blocks (roughly 6-9 
miles) per week was necessary to detect increased gray 
matter volume of the frontal, occipital, entorhinal and 
hippocampal regions, and that greater gray matter vol-
ume reduced the risk for cognitive impairment twofold.  
It is questionable whether CVD patients are able and/
or allowed to perform such a large amount of physical 
activity. The lack of an association between physical 
activity and physical fitness (peak VO2) may therefore be 
attributed either to a tendency to exaggerate the amount 
of reported physical activity, or to the inability to perform 
physical activity effectively due to the CVD limitations.

Intervention studies reporting improved cardiovas-
cular fitness and cognitive functioning in CVD patients 
following a 12-week cardiac rehabilitation program were 
conducted fairly close to the condition diagnosed, and 
applied aerobic activity as well as educational interven-
tion (11, 13). These studies, however, were performed 
without a control group, and it is possible that improve-
ments immediately after the cardiac event may have been 
observed even without the intervention. 

One interesting explanation for the relationship 
between limited gains in cardiovascular fitness and 
poor cognitive functioning is that patients with poorer 
cognitive functioning may derive reduced benefit from 
cardiac rehabilitation (12). Based on this hypothesis, it 
is suggested that cardiac rehabilitation programs con-
sider screening patients at baseline for low cognitive 
functioning to help identify those patients at greater 
risk for poor outcome.

A meaningful finding of the present study is that the 
two fitness groups had similar scores on the general 
cognitive test – the MMSE. Although this test usually 
serves as a screening tool for differentiating between 
normal and cognitively impaired individuals, it is rather 
limited in its ability to detect subtle or specific scores. 
Apparently, both groups were functioning within the 
normal cognitive scores, although the more specific 
cognitive variations were revealed in the distinctive cogni-
tive tests of the NeuroTrax battery. These more sensitive 
tests showed distinctive differences on attention and 
executive functioning between the two fitness groups. 
In that sense our study does not corroborate previous 
studies that indicated an association between the MMSE 
and physical fitness in addition to other more sensitive 
cognitive measures (e.g., 9, 14-17). On the other hand, 
while we studied CVD patients in phase III of cardiac 
rehabilitation, these studies examined CVD patients in 
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phase II. It is possible that close to the traumatic cardiac 
event people deteriorate cognitively below their normal 
cognitive functioning, but recuperate after a while. For 
example, patients with acute transient ischemic attack 
and minor stroke experienced cognitive deficits which 
gradually improved after 7, 30 and 90 days (28). Another 
example is the temporary cognitive decline demonstrated 
in women following the death of their partner (29). It 
is likely that maintaining or improving cardiovascular 
fitness in CVD patients may further delay cognitive dete-
rioration and prevent cognitive impairment. The finding 
that CVD is a risk factor for dementia (6, 7) may support 
this idea, but interventional, well-controlled studies are 
needed to confirm this cause-effect relationship.

The pattern of cognitive differences observed in the 
present study are comparable to that found in our previ-
ous study assessing two fitness groups of residents of a 
sheltered housing facility with a mean age of 77 years 
(see 2). In both studies we found a significant difference 
in the Global Cognitive Score, which is based on the 
collective results of all cognitive domains tested. While 
the differences in the individual tests comprising the 
Mindstreams battery did not reach significance in most 
cases, the trend for better cognitive scores in the high-
fitness compared to the low-fitness groups was clear (the 
direction of scores was consistently in favor of the high 
VO2). This was demonstrated in almost all cognitive 
measures, reflecting both accuracy and RT (Table 3) and 
indices of cognitive domains (Figure 2). 

The present study is also in line with our previous 
study demonstrating significant group differences on 
Attention. These differences and the association between 
fitness and attention conform to the findings of a review 
reporting on the effects of increased cardiorespiratory 
fitness, particularly on cognitive speed (Attention in the 
Mindstreams was evaluated by means of a combination 
of choice RT measurements) and on auditory and visual 
attention (30). In the present study marginally significant 
differences were also observed in Executive Functioning. 
These differences and the relationship between fitness 
and executive functions are in line with another review 
(1), and with other studies emphasizing the beneficial 
effect of exercise and fitness predominantly on executive 
functions (e.g., 31). 

It should be noted that the classification of cognitive 
functions is not uniform in the literature. Although there 
is agreement that executive function refers to the ability 
to plan and perform goal-directed activities (32), and 
that it involves planning, scheduling, working memory, 

interference control and task coordination, it has also 
been proposed that executive function is closely linked to 
the ability to focus on a given task necessitating attention 
(32). The variability in classifying cognitive tasks into 
categories has been demonstrated in the two aforemen-
tioned reviews examining the same type of studies and/
or cognitive tasks (i.e., 1, 30). The methodology used 
in these reviews was not uniform, in that they com-
pared different population groups evaluated by the use 
of various cognitive tasks. Our study, therefore, has the 
clear advantage of using a uniform computerized battery 
assessing multiple cognitive domains within a specific 
population. Furthermore, to the best of our knowledge, it 
is the first time a uniform multidomain battery for assess-
ing cognitive capacity has been used in CVD patients 
in relation to their cardiovascular fitness. On the other 
hand, CVD patients are a diverse group in terms of the 
various CVD conditions, and no attempt was made in the 
present study to differentiate among these conditions. It 
is recommended that the findings be extended to more 
narrowly-defined CVD patient samples. 

It may be argued that the estimated (predicted) peak 
VO2 is not as precise as the measured VO2. Furthermore, 
the error in estimating exercise capacity from prediction 
equations is more significant in advanced-age adults with 
chronic diseases than in young individuals (23). On the 
other hand, while this error may result in the spurious 
elevation of the estimated peak VO2 (33), the estimated 
scores in the present study were quite low and it is ques-
tionable whether the real scores were much lower than 
these. It is unnecessary to point out the risk involved 
in a maximal stress test (HRmax) measuring the real 
peak VO2 in CVD patients, just as it is in older adults in 
general. On the other hand estimated peak VO2 provides 
a reasonably accurate reflection of an individual’s fitness 
(23), and thus is widely used in older adults in general 
(24) as well as in CVD patients in particular (9, 11, 13).

The present study, like our previous study conducted 
on relatively healthy older adults (2), suffers from the 
limitation of being based on only a small group of people 
who were willing to participate in the study. On the other 
hand, it may be concluded in both studies that higher 
cardiovascular fitness is associated with superior global 
cognitive functioning among these volunteers. This trend 
should be examined in a larger number of individuals – in 
healthy people as well as CVD patients.

The main unresolved issue derived from our cur-
rent study is the cause-effect relationship. Future well-
controlled studies are needed  for examining whether 



63

YAEL NETZ ET AL.

an increased physical activity level and/or the increased 
aerobic fitness of CVD patients in stage III of rehabilita-
tion may improve cognitive functioning level.  Future 
studies should also inquire whether,  in light of the CVD 
limitations, it is possible to increase physical activity 
and/or cardiovascular fitness in the first place.  More 
studies are also needed to explore whether potential 
mechanisms, for example the autonomous nervous sys-
tem, may mediate both cardiovascular functioning and 
cognition independently of cardiovascular fitness.  It 
is also recommended that other potential mechanisms 
mediating between cognitive training and cardiovascular 
functioning, such as improved integrity of white matter 
pathways or a better-functioning autonomic nervous 
system, be studied.  

In summary, the current study extends the knowledge 
on the association between cardiovascular fitness and 
cognitive function among CVD patients enrolled in 
a cardiac rehabilitation center, in three aspects: these 
patients were in stage III – the maintenance stage of 
cardiac rehabilitation, they were older than previously 
reported, and a novel adaptation of traditional neuropsy-
chological tests was used, providing an overall measure 
of cognitive function as well as an evaluation of specific 
cognitive domains. The findings clearly indicate that 
higher cardiovascular fitness is associated with better 
global cognitive functioning, specifically with enhanced 
attention and executive functioning. Further studies are 
recommended to clarify possible mechanisms for these 
findings, to examine a cause-effect relationship, and to 
extend the findings to more narrowly-defined CVD 
patient samples.
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