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Abstract

Background—Reduced physical activity (PA) may be one factor that contributes to cognitive 

decline and dementia in heart failure (HF). Yet, the longitudinal relationship between PA and 

cognition in HF is poorly understood due to limitations of past work, including single time 

assessments of PA. This is the first study to examine changes in objectively measured PA and 

cognition over time in HF.

Methods—At baseline and 12-weeks, 57 HF patients completed psychosocial self-report 

measures, a neuropsychological battery, and wore an accelerometer for seven days.

Results—At baseline, HF patients spent an average of 597.83 (SD = 75.91) minutes per day 

sedentary. Steps per day declined from baseline to the 12-week follow-up; there was also a trend 

for declines in moderate-vigorous PA. Regression analyses controlling for sex, HF severity, and 

depressive symptoms showed that decreases in light (p = 0.08) and moderate-vigorous (p = 0.04) 
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daily PA emerged as strong predictors of declines in attention/executive function over the 12-week 

period, but not memory or language.

Conclusions—Reductions in daily PA predicted acute decline in attention/executive function in 

HF, but not memory or language. Modifications to daily PA may attenuate cognitive decline and 

prospective studies are needed to test this possibility.
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Introduction

Heart failure (HF) affects >5 million American adults and leads to poor outcomes (e.g., 

premature death), including nearly a two-fold increased risk for Alzheimer’s disease.1,2 

Early onset cognitive impairment can also be found in approximately 80% of persons with 

HF. 3 In particular, cross-sectional work shows that HF participants exhibit greater cognitive 

impairments in domains such as executive function, episodic memory, and language. 4,5 In 

addition to these cross-sectional findings, growing longitudinal work now links HF with 

accelerated cognitive decline executive function and episodic memory.6,7 Indeed, the nature 

and trajectory of cognitive impairments are consistent with what is typically found in 

vascular and neurodegenerative (e.g., Alzheimer’s disease) populations. Cognitive 

deterioration in HF is concerning because it can result in early death, loss of functional 

independence, and decreased quality of life.8-10

Contrary to expectations, longitudinal work examining cognitive changes in HF is not 

entirely consistent and there is evidence for improvements over time in this population.11 

Based on these findings, it is likely that cognitive decline in HF is dependent on a wide 

range of factors. Supporting this notion is past work that shows HF severity, and co-existing 

medical (i.e., hypertension, diabetes) and clinical (i.e., depression) factors are all key 

modifiers of poor neurocognitive outcomes in older adults with HF.12

The high levels of daily physical inactivity in HF may represent an important and modifiable 

risk factor for cognitive decline in this population. Patients with HF rarely engage in any 

form of meaningful physical activity (PA), as this patient population has been shown to 

spend >550 minutes per day being sedentary13 and up to 44% of patients are active for <30 

minutes each day.14 Patients with HF often avoid physical activity as a result of exercise 

intolerance stemming from the inability of the heart to deliver sufficient blood to the 

peripheral muscles.15 Consequently, HF patients experience discomfort during physical 

exertion due to symptoms such as dyspnea and fatigue.15 Such discomfort can be negatively 

reinforcing and lead to avoidance of physical activity. Exercise intolerance is closely 

correlated with HF severity and participation in PA is thus likely to decline over time as HF 

severity worsens. This is concerning because physical inactivity is a sensitive indicator of 

traditional prognostic outcomes in HF (e.g., all-cause mortality, hospitalizations) 16 and 

these findings likely extend into the realm of cognitive function. For instance, recent work in 

HF patients demonstrates a cross-sectional relationship between reduced daily step count 

and cognitive dysfunction and also shows that lower baseline PA levels predict poorer 
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cognitive status at a later time point, with specific effects noted for attention/executive 

function.13,17 Yet, work in other older adult samples shows that low levels of PA predicts 

risk for cognitive decline and Alzheimer’s disease,18 suggesting that PA in HF may also 

affect domains such as memory and language, cognitive hallmarks of aging and Alzheimer’s 

disease.

A comprehensive literature review on PubMed using keywords such as “heart failure,” 

“physical activity,” “cognitive function,” “accelerometer,” “pedometer,” “longitudinal,” and 

“prospective” revealed that the literature on daily PA and cognition in HF is limited by 

single time assessments of PA. 13,17 Indeed, no study to date has simultaneously examined 

PA and cognitive function over time in patients with HF. The purpose of the current study 

was to examine whether changes in accelerometer measured PA predicted cognitive changes 

over a 12-week period in older adults with HF. Cognitive domains examined in this study 

included attention/executive function, memory, and language. As described above, these 

domains are commonly affected in HF, sensitive to PA outcomes, and dysfunction of these 

domains are also hallmarks of aging and neurological conditions (e.g., vascular cognitive 

impairment, mild cognitive impairment) that have been found to be associated with cardiac 

dysfunction.

Materials and Methods

Participants

The original sample consisted of 145 persons with HF that were recruited from a larger 

prospective National Institutes of Health (NIH)-fund study that examined the benefits of 

cardiac rehabilitation on neurocognitive function in patients with HF.19 The larger NIH-

funded study involved two groups of participants, including those that completed cardiac 

rehabilitation and those who did not. The current sample consisted of only those participants 

that did not complete the intervention. All participants were stable HF patients involved in 

routine cardiology care for cardiac dysfunction and recruited via flyers and/or face-to-face 

methods from outpatient cardiology clinics at Summa Health System, a mid-sized 

Midwestern hospital. Participants underwent identical assessments at baseline and follow-up 

time points, including, but not limited to, comprehension cognitive testing and 

accelerometer assessment. The current sample consisted of participants that had complete 

data at the baseline and the follow-up time point. In-turn, the original sample size of 145 

was reduced to 57 after factors such as participant attrition, missing data, and invalid 

accelerometer data due to invalid wear or mechanical issues were taken into consideration. 

Those participants excluded were not different from participants of this study in terms of 

age, sex, education, HF severity, depression, attention/executive function, memory, 

language, or accelerometer wear time (p > 0.05 for all). These findings suggest that those 

excluded had similar levels of cognitive function and were just as likely as the current 

sample to wear the accelerometer as instructed.

The larger NIH study implemented strict inclusion/exclusion criteria that also applied to the 

current sample. For inclusion, participants must have been between the ages of 50-85 years, 

English speaking, and had a diagnosis of New York Heart Association (NYHA) HF class II, 

III, or IV at the time of enrollment. Potential participants were excluded for a history or 
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current diagnosis of a significant neurological disorder (e.g. dementia, stroke), head injury 

with ≥10 minutes loss of consciousness, severe psychiatric disorder (e.g. schizophrenia, 

bipolar disorder), substance abuse/dependence, and/or stage 5 chronic kidney disease. The 

Kent State University and Summa Health System Institutional Review Boards (IRB) 

approved the study procedures and all participants provided written informed consent prior 

to study enrollment.

Procedures

At baseline and 12-week follow-up, participants completed demographic, medical history, 

and psychosocial self-report measures, followed by a brief neuropsychological test battery to 

examine attention/executive function, memory, and language. Participants then received an 

accelerometer and were instructed to wear the device each day for 7 days from the moment 

they wake until they go to sleep. Additional details are provided below.

Measures

Physical Activity—A GT1M accelerometer (Actigraph, Pensacola, FL) was used to assess 

PA over a 7-day period. Participants were instructed in how to wear the accelerometer and 

also provided with a set of instructions for wear over the 7 days. Specifically, participants 

were instructed to place the accelerometer over the right hip, affixed to an elastic belt, and 

preferably worn under their waistbands. Daily step count was calculated by the 

accelerometer, and for the current population a daily step count between 0 and 2,499 

represented sedentary, 2,500 to 4,999 as limited PA, and a 5,000 to 12,000 daily step count 

was considered to be physically active.20 Step count was analyzed in conjunction with a 

diary entry of daily routine. Daily step count served as a global indicator of PA and was 

used to characterize the PA status of the sample.

To more thoroughly examine the impact of PA in the sample, the number of minutes the 

participants engaged in different lifestyle intensity activity levels each day was calculated. 

The activity levels were based on cutoff values from counts per minute that was derived by 

dividing total activity counts by total wear time. The levels of activity used in this study 

were as follows: sedentary (<100 counts per minute), light intensity (100-760 counts per 

minute), free-living moderate intensity (760 -5,724 counts per minute), and vigorous 

intensity activity (> 5,724 counts per minute).21-23 A cut point of 760 counts per minute was 

used to capture free-living moderate intensity activities23and the cut point for vigorous 

activities was based on its correspondence to energy expenditures of greater than 6 METs.22 

Vigorous activities that correspond to >6METs include hiking, jogging, playing basketball 

or soccer. Light activity typically involves slow walking or standing while do light work, 

while more moderate intense activities include brisk walking, cleaning, and mowing the 

lawn.

A valid day of wear was considered greater than or equal to 10 hours per day and the 

activity data was restricted to participants with at least 3 valid days of accelerometer wear. 

Average number of minutes per waking hours of the day spent in each activity level was 

calculated for each participant, as well as average minutes per day of accelerometer wear. Of 
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note, bivariate correlations showed that cognitive function was not associated with 

accelerometer wear time in this sample (p > 0.05 for all).

Cognitive Function—A brief neuropsychological test battery was administered to assess 

cognitive function in multiple domains, including attention/executive function, memory, and 

language. All tests employed are commonly used in clinical settings and exhibit strong 

psychometric properties, including excellent validity and reliability. The domains and 

neuropsychological tests administered included:

Attention/Executive Function: Digit Symbol Coding, Letter Number Sequencing,24,25 and 

the Frontal Assessment Battery (FAB).26 These measures were combined into a single 

domain because they represent mental abilities mediated by similar brain regions (e.g., 

frontosubcortical) and for data reduction purposes in order to limit type 2 error.

Memory: The California Verbal Learning Test-Second Edition (CVLT-II).27 An alternate 

version of the CVLT-II was administered at the follow-up time point to limit practice 

effects.

Language: Boston Naming Test28and Animal Fluency Test.29

Demographic, Clinical, and Medical Characteristics—Demographic characteristics 

and medical history were ascertained through participant self-report and corroborated by 

medical record review. In particular, participants first self-reported demographic information 

(e.g., age, sex) and prevalent co-existing medical conditions (e.g., diagnostic history of 

hypertension, diabetes, sleep apnea, myocardial infarction, elevated total cholesterol) via a 

medical history questionnaire. The Beck Depression Inventory-II (BDI-II),30 a well-

validated self-report measure of affective and somatic depressive symptoms, was used to 

assess and control for depressive symptomatology. A trained research assistant then 

completed a medical chart review to corroborate and supplement participant self-report. Left 

ventricular ejection fraction (LVEF) and New York Heart Association (NYHA) were also 

ascertained through the medical record review and were used to operationalize HF severity.

Statistical Analyses

Neuropsychological raw scores were converted to T-scores (a mean of 50 and a standard 

deviation of 10) using normative data that takes into account age; memory indices were also 

corrected for sex. The normative data used included a combination of Halstead-Reitan 

norms and/or specific test developer manuals. T-score conversion was performed to 

maintain consistency across scales, facilitate clinical interpretation, and account for the 

influence of demographic variables on cognitive outcomes. To characterize the baseline and 

12-week cognitive status of the sample, a T-score 1.5 SD below the normative mean (i.e., 

<35) was reflective of cognitive impairment. To limit the number of analyses, composite 

scores were computed for attention/executive function, memory, and language that consisted 

of the mean of the T-scores of the neuropsychological measures that comprise their 

respective domains. There was one case with missing data on Digit Symbol Coding at the 

12-week follow-up and the attention/executive function composite score in this instance 
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consisted of the mean of the remaining measures that comprise this domain. For PA 

variables, essentially no time was spent in vigorous activity (i.e. mean of 0.05 minutes per 

day) and thus a summary composite between moderate and vigorous activity was computed 

at each time point.

Repeated measures analyses of variance (ANOVA) examined longitudinal changes (i.e., 

baseline to 12-weeks) across the PA indices. Repeated measures analyses require significant 

power to detect medium size changes and thus no covariates were included in these analyses 

in order to preserve statistical power in the context of the relatively modest sample size. A 

series of multivariable hierarchical regression analyses were then performed to investigate 

the longitudinal relationship between each PA intensity level (i.e., light intensity, moderate-

vigorous intensity) and cognitive function. The dependent variables included 12-week 

attention/executive function, memory, and language. Covariates were carefully selected in 

order to preserve statistical power. For all analyses, sex, LVEF and baseline and 12-week 

BDI-II total score were included as covariates. Sex and depression are sensitive to PA and 

cognitive outcomes and we sought to account for their variance.31-33 HF severity was also 

included as a covariate because cognitive function worsens with increasing HF severity and 

as cardiac function deteriorates physical capacity becomes limited. 12-week BDI-II score 

was also included as a covariate given the tendency for depression to worsen over time in 

HF patients.34 Because less is known about the effects of other medical variables on PA in 

HF, independent samples t-tests were performed between daily step count and diagnostic 

status of the most prevalent medical conditions (i.e., diabetes, hypertension, sleep apnea) in 

HF in order to determine other relevant medical covariates. For all models, covariates were 

entered in block 1. Block 1 also included baseline performance of the dependent cognitive 

variable. A difference score for each accelerometer intensity level was then calculated (i.e., 

12-week PA – baseline PA) and individually entered in block 2. A single block with all PA 

indices included was not conducted due to statistical concerns that may arise and affect the 

reliability of the results, including multicollinearity.

Results

Sample Descriptives

The average age of the sample was 69.67 (SD = 10.34) years and 40.4% were female. A 

medical chart review showed that the average baseline LVEF of the sample was 41.52 (SD = 

16.24) and 40.4% of the sample had an LVEF < 40. In addition, 19.5% of the sample also 

had an LVEF >55%, raising the possibility that a proportion of the sample had HF with 

preserved ejection fraction. Of the sample, 84.2% were NYHA class II, 14.0% class III, and 

1.8% class IV. Of note, we included LVEF as a covariate (as opposed to NYHA) because it 

is a direct and more objective assessment of cardiac function. Comorbid medical conditions 

were common in the sample at baseline and these conditions remained prevalent at the 12-

week follow-up. See Table 1. Independent samples t-tests revealed that baseline daily step 

count was not associated with diagnostic history of diabetes, hypertension, sleep apnea, 

myocardial infarction, or elevated total cholesterol (p > 0.05 for all). In terms of baseline 

cognitive function, elevated total cholesterol demonstrated a significant association with 

attention/executive function (t(55) = −2.16, p = 0.04), but no other domain. All other 
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medical comorbidities were not associated with baseline cognitive function in any domain (p 

> 0.05 for all). Taken together, given the overall lack of correlation between medical 

comorbidities and PA and cognitive function, medical comorbidities were not included as 

covariates.

Depressive Symptoms

The current sample had a mean baseline BDI-II of 7.81 (SD = 7.54) with a range of 0 to 34. 

According to standing BDI-II symptom cutoffs (i.e., 0-13 = minimal symptoms; 14-19 = 

mild depression; 20-28 = moderate depression; and 29-63 = severe depression), a majority 

of the participants (78.9%) exhibited minimal symptoms and only 2 participants reported 

severe depressive symptoms. However, bivariate correlations showed that decreased 

baseline daily steps was correlated with greater baseline depressive symptoms (r(55) = 

−0.35, p = 0.01) and there was a trend between 12-week daily step count and 12-week BDI-

II total score (r(55) = −0.24, p = 0.075). These analyses justified inclusion of baseline and 

12-week BDI-II as a covariate in the primary analyses.

Baseline and 12-Week Physical Activity

Table 2 presents baseline and 12-week descriptive statistics of PA in the current sample. At 

baseline, participants exhibited high rates of physical inactivity and spent, on average, 

597.83 (SD = 75.91) minutes per day being sedentary. According to the daily step count 

cutoffs, 36.8% of the sample exhibited a daily step count considered to be sedentary, 43.9% 

demonstrated limited PA, and only 19.3% were physically active. Most time was spent in 

light activity with nearly all participants (with the exception of 1) spending >60 minutes per 

day in this category. Participants spent an average of 46.01 (SD = 34.58) minutes per day in 

moderate-vigorous activity with 24 participants spending < 30 minutes per day in this 

activity level. Of note, time spent in vigorous activity was almost absent, as 51 of the 57 

participants spent no time at all in vigorous activity.

At the 12-week assessment, participants continued to exhibit high levels of sedentary 

behaviors [mean (SD) = 583.32 (62.91) minutes per day]. Repeated measures ANOVA 

revealed daily step count declined over the 12-week period [F(1, 56) = 8.02, p = 0.01]. 

Although not significant at the p = 0.05 level, there were also a trend for decline in 

moderate-vigorous PA [F(1, 56) = 2.72, p = 0.105]; slightly more participants (n = 25) fell 

below 30 minutes per day in this category at the follow-up. Light intensity PA also declined 

over time, but this did not approach significance [F(1, 56) = 0.70, p = 0.41]; similarly, all 

participants spent >60 minutes per day in this activity level at 12-weeks.

Baseline and 12-week Cognitive Function

See Table 1 for mean baseline cognitive test performance. At baseline, 14.0% of the sample 

exhibited a T-score < 35 on the attention/executive function composite, 10.5% on the 

memory composite, and only 5.3% on the language composite. Examination of the 

individual cognitive measures showed a greater prevalence of impairment, including 22.8% 

of participants with performances that were >1.5 SD below the normative mean on the 

Frontal Assessment Battery and 17.5% on the CVLT-II recognition task. Less than 10% of 

participants exhibited cognitive impairments (i.e., T-score < 35) on the other measures of 
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attention/executive function and memory. Likewise, no participants exhibited impairments 

on the Animal Fluency Test and only 8.8% of the sample performed below a T-score of 35 

of the Boston Naming Test.

At the 12-week follow-up, impairments in cognitive function remained common. 

Specifically, 10.5% of the sample exhibited a T-score <35 on the attention/executive 

function composite, 12.3% on the memory domain, and 3.5% were below 35 on the 

language composite. Impairments were again most prevalent on the Frontal Assessment 

Battery (21.1%) and the CVLT-II recognition task (19.3%).

Directionality of overall cognitive change in this sample was variable, but there was 

evidence that a significant proportion of the sample exhibited decline. In terms of attention/

executive function, 33.3% of the sample declined, 5.3% remained stable (e.g., <1 unit 

change), and 61.4% exhibited improvements. For memory, 47.4% declined, 10.5% remained 

stable, and 42.1% demonstrated improvements. In regards to language, 35.1% declined, 

14.0% were stable, and 50.9% improved.

Physical Activity and Cognitive Function

Hierarchical regression analyses controlling for baseline attention/executive function, sex, 

baseline LVEF, and baseline and 12-week BDI-II revealed that the difference score for 

moderate-vigorous intensity PA (β = 0.22, p = 0.04) predicted changes in 12-week attention/

executive function; there was also a trend for the difference score in light intensity PA (β = 

0.19, p = 0.08). Specifically, decreases in PA from baseline to 12-weeks later predicted 

declines in attention/executive function. See Table 3. There were no other longitudinal 

associations between any of the actigraphy intensity indices with memory or language (p > 

0.05 for all).

Discussion

Cognitive impairment and physical inactivity were prevalent in this sample of HF patients. 

Although growing attention has been paid to daily PA as a contributor to cognitive function 

in HF, the longitudinal relationship between these variables has been poorly understood due 

to limitations of past work. The current study extends the literature by showing that daily PA 

levels decreased over time in HF and such reductions predicted reduced attention/executive 

function in this population. Surprisingly, there was no longitudinal association between PA 

and memory and language abilities. Several aspects of these findings warrant further 

discussion.

We found that reductions in PA predicted acute decreases in attention/executive function in 

older adults with HF. Attention/executive dysfunction is indeed a cognitive hallmark in 

vascular populations and it is possible that declines in PA and accompanying physiological 

deficits in HF may be more sensitive to brain regions that mediate attention/executive 

functions (e.g., frontal lobes). For instance, the mechanisms for the adverse effects of 

reductions in PA on attention/executive worsening likely involve deterioration in health-

related factors closely linked with disease status such as cardiovascular fitness levels. Lower 

daily PA is correlated with reduced physical fitness in HF13 and fitness is a key modifier of 
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vascular health, including cerebral hemodyanmic function.35,36 This is noteworthy, as 

cerebral blood flow is reduced in HF37 and believed to be the primary culprit of cognitive 

impairment (via structural brain alterations) in this population, including heightened 

sensitivity to attention/executive function. 13, 38 In fact, declines in cerebral blood flow with 

increasing HF severity39 may help explain past work that provides evidence for cognitive 

worsening in this population, including in executive function.6,34 Reductions in PA may 

exacerbate the relationship between cerebral hypoperfusion and attention/executive function 

and further longitudinal work is much needed to determine the exact mechanisms by which 

physical inactivity contributes to cognitive changes in patients with HF.

The lack of PA effects on memory and language is a bit surprising, particularly given that 

memory test performance has been linked with cerebral blood flow in past studies among 

HF patients. 31 Our null findings are also inconsistent with past work that demonstrates an 

association between PA and memory function in older adults with mild cognitive 

impairment and Alzheimer’s disease risk,40 as well as with word fluency in older Latinos. 41 

It is possible that the cognitive effects of PA may be distinct across participant populations. 

Alternatively, most of past work examining PA and cognition is cross-sectional and the 

longitudinal associations among PA, memory, and language may present with a different 

pattern. Memory and language changes in this study may have also lacked sensitivity to the 

short time period employed and longer time intervals may be necessary for these domains to 

be affected. Methodological limitations may also partially explain our lack of findings such 

as the relatively small sample size and/or insensitivity of the memory and language tests 

employed to PA. Clearly, prospective work is needed to clarify the differential effects of PA 

across the cognitive domains in HF.

There is reason to believe that increases in daily PA may lead to improved neurological 

outcomes in HF. There is already some support for this notion in past work that shows 

exercise training and cardiac rehabilitation (a combination of exercise training and 

psychoeducation on HF management) confers cognitive benefits in older adults with HF, 

including in attention/executive function.42,43 Yet, the literature on exercise training and 

cognitive outcomes in HF remains in its infancy and limited by small sample sizes, lack of 

control groups, and relatively short follow-up periods. While exercise training is known to 

contribute to healthy brain aging to yield better cognitive outcomes (for a review, see Hayes 

et al., 2013),44 it is also possible that simply being non-sedentary may be sufficient to 

promote cognition in HF. For instance, increases in moderate PA has been shown to 

improve endothelial function, a known correlate of cerebral blood flow levels, among a 

sample of sedentary older adults.45 Likewise, fitness-derived benefits from just walking 

predict better brain outcomes in sedentary older adults, including increases in white matter 

integrity.46 Prospective studies with extended follow-ups (e.g., 2-5 years) are much needed 

to determine whether increases in daily PA can attenuate the known risk for brain atrophy,34 

cognitive decline,6,7 and severe neurological conditions such as Alzheimer’s disease in HF.2

The current findings are limited in several ways. First, the current study lacked a control 

group. Moreover, the current sample was relatively modest in size and required judicious 

selection of covariates and therefore precluded inclusion of important medical (e.g., 

comorbidities, orthopedic problems) and/or demographic factors that may have been 
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potential confounds to our results. In particular, cardiac medications such as ACE inhibitors 

can improve cognitive outcomes and medication therapy (or lack thereof) may have 

interacted with PA to affect cognitive changes in this sample. Taken together, case-

controlled prospective studies with longer follow-ups are much needed to account for 

extraneous variables, confirm the directionality of our findings, attenuate concerns regarding 

practice effects as a possible confound, and determine the long-term benefits of regular PA 

on cognitive function in HF.

Several other limitations deserve further discussion. Deterioration in cardiac function over 

time may also underpin the longitudinal association between PA and cognition in HF and 

larger studies that employ pre- and post-echocardiography to better characterize cardiac 

status and changes in HF severity (including examination of factors such as ICD placement) 

are needed to test this possibility. In addition, nearly no time was spent in vigorous PA and 

thus this domain was combined with moderate vigorous activity to avoid limited variability 

and range restriction. Higher levels of PA would be expected to yield greater cognitive 

benefits and larger studies in non-HF populations with control groups are needed to clarify 

the dose-response relationship between physical activity and cognitive function. 

Unexpectedly, daily step count declined over time, but did not predict cognitive worsening, 

and there were non-meaningful decreases in sedentary behaviors. It is possible that 

differences in wear time across the time points may help to explain these conflicting 

findings, as participants at the 12-week follow-up wore the accelerometer for significantly 

less time relative to baseline; although, it is noted that the derivation of each PA intensity 

level factored in wear time. Alternatively, daily step count may lack sensitivity to cognitive 

outcomes and light to moderate PA may be optimal. Future work in larger samples is needed 

to elucidate the differential effects of intensity varying PA on cognitive outcomes in HF. 

Lastly, it is possible that a small subset (19.5%) of the current sample had HF with 

preserved ejection fraction and further work is needed to determine the differential effects of 

PA on cognitive function across the varying cardiac subtypes.

Conclusions

In brief summary, HF patients exhibited low levels of PA and further decreases in PA over 

time predicted acute decline in attention/executive function in this population, but no 

association was noted for memory or language abilities. Prospective studies that employ 

extended follow-ups are needed to confirm these findings, elucidate mechanisms, and 

determine whether increases in daily PA can attenuate risk for cognitive decline and/or 

dementia in patients with HF.
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Highlights

• Physical inactivity was common and worsened over time in persons with heart 

failure

• Decreases in physical activity predicted declines in attention/executive function

• Physical activity interventions may attenuate cognitive decline in heart failure
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Table 1

Baseline Sample Characteristics

Demographic Characteristics % or mean (SD)

Age, mean (SD) years 69.67 (10.34)

Sex (% Women) 40.4

Race (% Caucasian) 84.2

Education, mean (SD) years 13.35 (2.53)

Medical and Clinical
Characteristics % or Mean (SD)

Ejection Fraction (% mean (SD)) 41.52 (.24)

New York Heart Association Class
(%II, III, IV) 84.2%, 14.0%, 1.8%

Hypertension (%) 64.9

Diabetes (%) 22.8

Sleep Apnea (%) 21.1

Elevated Total Cholesterol (%) 63.1

Myocardial Infarction (%) 54.4

Beck Depression Inventory-II 7.81 (7.54)

Cognitive Function Mean (SD) raw score; T-score

Digit Symbol Coding 49.23 (13.82); 47.51 (8.73)

Frontal Assessment Battery 15.79 (2.31); 43.41 (21.73)

Letter Number Sequencing 8.77 (2.30); 50.65 (8.93)

CVLT-II Long Delayed Free Recall 8.07 (3.63); 47.19 (10.57)

CVLT-II Recognition 13.40 (2.79); 44.04 (13.41)

Boston Naming Test 54.05 (4.75); 50.36 (12.21)

Animal Fluency 19.61 (5.14); 55.53 (11.57)
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Table 2

Physical Activity Descriptives

Activity Level Baseline Mean
(SD)

12-Weeks Mean
(SD)

F-
statistic

p

Wear Time 831.43 (71.18) 807.24 (75.39) 6.26 0.02

Daily Step Count 3461.12 (1821.05) 3118.38 (1702.58) 8.02 0.01

Sedentary Time 597.83 (75.91) 583.32 (62.91) 2.44 0.12

Time in Light Intensity 187.59 (55.70) 182.78 (57.88) 0.70 0.41

Time in Moderate-Vigorous Intensity 46.01 (34.58) 41.14 (29.85) 2.72 0.11

Note. Values for intensity levels are minutes per day.
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Table 3

Reductions in Physical Activity Predict Cognitive Decline

12-Week
Attention/Executive

Function

12-Week
Memory

12-Week
Language

β SE b B SE b β SE b

Block 2 Model 1

Moderate-vigorous Intensity 0.22* 0.04 −0.04 0.11 0.05 0.07

Adjusted R2 0.52 0.38 0.68

F for ΔR2 4.30* 0.11 0.43

Block 2 Model 2

Light Intensity 0.19 0.02 −0.11 0.03 −0.05 0.02

Adjusted R2 0.51 0.39 0.68

F for ΔR2 3.13 (p = 0.08) 0.87 0.31

Note.

** p < 0.01; Moderate-vigorous intensity and light intensity are difference scores between the time points; for all models, block 1 included sex, left 
ventricular ejection fraction, baseline Beck Depression Inventory-II, 12-week Beck Depression Inventory-II, and baselineperformance of the 
respective cognitive domain.

*
p < 0.05;
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