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Abstract

Background—Older adults with acute decompensated heart failure (ADHF) have persistently 

poor clinical outcomes. Cognitive impairment (CI) may be a contributing factor. However, the 

prevalence of CI and the relationship of cognition with other patient-centered factors such a 

physical function and quality-of-life (QOL) that also may contribute to poor outcomes are 

incompletely understood.
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Methods—Older (≥60 years) hospitalized patients with ADHF were assessed for cognition 

[Montreal Cognitive Assessment (MoCA)], physical function [(short physical performance battery 

(SPPB), 6-minute walk distance (6MWD)], and QOL [Kansas City Cardiomyopathy 

Questionnaire (KCCQ), Short Form-12 (SF-12)].

Results—Among patients (N=198, 72.1±7.6 years), 78% screened positive for CI (MoCA <26) 

despite rare medical record documentation (2%). Participants also had severely diminished 

physical function (SPPB 6.0±2.5 units, 6MWD 186±100m) and QOL (scores <50). MoCA 

positively related to SPPB (ß=0.47, p<0.001), 6MWD ß=0.01, p=0.006) and inversely related to 

KCCQ Overall Score (ß=−0.05, p<0.002) and SF-12 Physical Component Score (ß=−0.09, 

p=0.006). MoCA was a small but significant predictor of SPPB, 6MWD, and KCCQ.

Conclusion—Among older hospitalized patients with ADHF, CI is highly prevalent, is 

underrecognized clinically, and is associated with severe physical dysfunction and poor QOL. 

Formal screening may reduce adverse events by identifying patients who may require more 

tailored care.
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INTRODUCTION

Older adults often experience progressive tandem decrements in cognitive and physical 

functioning that threaten their independence and quality-of-life (QOL).1,2 The severity of 

loss in QOL and overall functional ability varies, depending on interactions between aging 

and comorbid disease processes. Heart failure (HF) is among the most common systemic 

comorbidities of older adulthood. Given the highly vascularized nature of the brain and 

systemic effects of HF, particularly on cerebral perfusion, cognitive impairment (CI), may be 

a key, but clinically underrecognized, feature of HF.3–5 In addition, for older adults with HF, 

CI may be more complex and intensify decrements in physical function and QOL; the 

relationships among these different factors are not well understood.

CI may be particularly salient for older adults with acute decompensated heart failure 

(ADHF), the most frequent cause of hospitalization in patients ≥ 65 years of age and a 

leading cause of 30-day readmissions.6,7 Given their older age and advanced disease, CI 

may be most pronounced in ADHF as compared with chronic ambulatory patients, 

contributing to their persistently poor outcomes. CI could interfere with self-care, treatment 

regimens, and symptom recognition and management, and thereby, increase the risk of 

unplanned hospitalizations and even death.4,8,9 We recently reported that older patients with 

ADHF have marked and global deficits across cognitive, physical, and QOL domains.10–12 

These deficits may interrelate to heighten the risk of functional disability and dependence. In 

order to develop tailored interventions to help prevent excess adverse outcomes, including 

re-hospitalizations, it is critical to understand the prevalence and nature of CI and its 

relationship with physical function and QOL in ADHF.
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Accordingly, we performed systematic baseline assessments of cognition, physical function, 

and QOL in older adult hospitalized patients with ADHF who were consecutively enrolled 

in the National Institutes of Aging (NIA)-sponsored multicenter Rehabilitation Therapy in 

Older Acute Heart Failure Patients trial (REHAB-HF, clinicaltrials.gov #NCT02196038).
13,14 We hypothesized that CI is highly prevalent in older adults with ADHF and that CI is 

associated with and is a predictor of physical dysfunction and reduced QOL. We examined: 

1) the prevalence of CI; 2) the cognitive subdomains affected; and 3) the relationship of 

cognitive function with physical function and QOL.

METHODS

Study Design and Participants

This study is a cross-sectional analysis of the baseline assessment of the first n=202 

consecutively enrolled participants in the ongoing, NIA-sponsored, multicenter physical 

intervention trial, REHAB-HF; 198 of whom had cognitive screening. The design of 

REHAB-HF, including eligibility criteria and ADHF diagnosis confirmation, have been 

previously described.13,14 Briefly, patients were ≥60 years old and hospitalized for ≥24 

hours for ADHF [regardless of ejection fraction (EF)]. Patients were required to be 

independent with activities of daily living and with ambulation ≥4m (assistive devices 

permitted) and had a planned discharged to home. The study excluded patients with severe 

valvular disease and significant comorbidities such as advanced dementia, end-stage renal 

disease, or terminal illnesses. Written informed consent was obtained from all patients and 

the study was approved by the Institution Review Boards of all participating centers. The 

study was conducted at academic and community hospitals across northwestern, north 

central, and southeastern North Carolina and southeastern Pennsylvania.

Study Variables

Assessments were collected during hospitalization, after successful initial treatment for 

ADHF and achievement of clinical stability and just prior to discharge home. A trained 

assessor using standardized protocols assessed all functional measures, which included the 

Montreal Cognitive Assessment (MoCA), short physical performance battery (SPPB), and 

six-minute walk distance (6MWD).

Cognitive function was assessed using the MoCA.15 The MoCA assesses 8 different 

cognitive domains (visuospatial/executive, naming, memory, attention, language, 

abstraction, delayed recall, and orientation) and averages less than 10 minutes to administer, 

minimizing respondent burden and making it an ideal screening instrument for 

cardiovascular patients in the hospital setting.15,16 In the initial MoCA validation study by 

Nasreddine et al.,15 scores from patients with mild CI ranged from 19 to 25.2 out of total 

possible score of 30 and scores <19 were associated with dementia. A cut-off score of 26 

had a 90% sensitivity and a 78% specificity for at least mild CI. Thus, a positive screen in 

this study was defined as a total score of <26.

The SPPB is an established, standardized, reproducible measure of physical function in 

older patients that strongly predicts clinical outcomes including hospitalization, death, and 
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nursing facility placement.17,18 Each of the three components, balance, leg strength, and gait 

speed, is scored from 0–4, for a total score of 0–12; patients with a score of <10 are 

considered at high risk for mobility disability with lower scores identifying progressively 

higher risk. The 6MWD was assessed in an unobstructed hallway and patients were allowed 

to use an assistive device if needed. A distance of ≤300m identifies patients with severe 

functional impairment.19

Disease-specific QOL was assessed using the Kansas City Cardiomyopathy Questionnaire 

(KCCQ), a 23-item self-report questionnaire that addresses specific health domains 

pertaining to HF: physical limitation, symptoms, QOL, social limitation, symptom stability, 

and self-efficacy — all of which, except for self-efficacy, are aggregated into an Overall 

Summary Score (OSS).20 Values for the domains range from 0 to 100 with higher scores 

indicating better health status, lower symptom burden, and greater disease-specific QOL. 

General QOL was assessed using the common surveys, Short Form-12 (SF-12) physical and 

mental composite scores (PCS and MCS) and EuroQol-5D-5L (EQ-5D-5L).21,22

Statistical Analyses

Baseline sample characteristics are reported using frequencies (percentages) for categorical 

variables and means and standard deviations for continuous variables. Classification of 

cognitive impairment was based on a MoCA score of <26; a correction for education was 

used wherein one point was added for patients with ≤12 years of education or high school 

graduate equivalence.15 Relationships between MoCA score with physical function and 

QOL measures were analyzed using unadjusted and multivariate-adjusted regression. For 

adjusted analysis, raw MoCA score was the independent variable and was adjusted for sex, 

non-white race, and education, which have been shown a priori to affect cognition measures.
23 Regression parameter estimates were reported. Potential predictors of physical function 

and QOL, including raw MoCA score, sex, non-white race, and education, were entered into 

a multiple linear regression model using stepwise selection with p<0.05 significance level. 

Additionally, the MoCA subdomain scores were entered into a multiple linear regression 

model with stepwise selection to explore potential predictors of physical function and QOL. 

All analyses were performed using SAS Enterprise Guide 7.1 (Cary, NC).

RESULTS

Participant Characteristics

A total of 198 consecutively enrolled patients with cognitive data were included in this 

analysis. Patients averaged 72.1±7.6 years of age, were mildly obese (BMI 33.2 kg/m2), and 

represented nearly equal proportions of males and females (46% vs. 54%) and whites and 

non-whites (52% vs. 48%). The majority (81%) had 12 years or more of formal education 

and 33% lived alone (Table 1).

Comorbidity burden was high with the majority of patients having hypertension (92%) and 

diabetes mellitus (55%). Also, nearly half had atrial fibrillation (46%) and nearly a third had 

chronic kidney disease (33%). Those with reduced EF (HFrEF) or HF with preserved EF 

(HFpEF) were similarly distributed (52% vs. 48%). In the prior 6 months, the majority of 
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patients (62%) had a HF-associated hospitalization and HF accounted for 50% of the total 

hospitalizations. Nearly 75% of patients were classified as either New York Heart 

Association Functional Class (NYHA) III (52%) or IV (22%).

Patients had severely reduced endurance (6MWD 186±100 m) and markedly impaired 

physical function (SPPB 6.0±2.5 units). HF-specific QOL (KCCQ) and general QOL 

(SF-12; EQ-5D-5L) were also severely diminished. Overall, QOL deficits were global, with 

self-reports of problems across mobility, self-care, usual activities, pain/discomfort, and 

anxiety/depression domains. Patients’ self-reported walking difficulty was consistent with 

the objective assessments demonstrating impaired physical function.

Cognitive Function Profile

The total raw and education-corrected MoCA scores were 21.2±4.4 and 21.8±4.3, 

respectively (Table 2). The score distribution indicate that 155 of 199 (78%) of patients 

screened positive for CI (Figure 1). Of the 155 patients, 72% (N=111) of patients had a score 

of 19–25, an accepted range for mild CI, and 28% (N=43) of patients had a score less than 

18, suggestive of dementia.15 However, only 2% of patients had dementia or CI documented 

in their medical record. Patients had global deficits across multiple cognitive subdomains; 

visuospatial/executive function and delayed recall were the most affected subdomains while 

orientation was the least affected subdomain (Table 2).

Relationships of Cognitive Function with Physical Function and QOL

There were small but significant positive relationships between the education-corrected 

MoCA score and objective measures of physical function (SPPB ß=0.47, p=<0.001; 6MWD 

ß=0.01, p=0.006; Table 3, Figure 2A and 2B). There was a significant yet small inverse 

relationship between the education-corrected MoCA score and the HF-specific QOL KCCQ 

OSS (ß= –0.05, p<0.002; Table 3, Figure 2C) and the general QOL SF-12 PCS (ß= –0.09, 

p=0.006; Table 3, Figure 2D).

In contrast, there was also a significant positive relationship between the education-corrected 

MoCA score and self-reported performance of Usual Activities (e.g., work, study, 

housework, family or leisure activities) in the EQ-5D-5L, (ß=0.55, p=0.031); Table 3). With 

the exception of age, adjusting for sociodemographic variables (sex, race, and education) on 

the raw MoCA score did not meaningfully change the aforementioned relationships (Table 

3).

Predictors of Physical Function and Quality of Life

Raw MoCA score was a small yet significant independent predictor of the SPPB and 6MWD 

as well as QOL KCCQ (Supplemental Table 1). The predictive power of the MoCA score 

was similar in magnitude to that of age for KCCQ and SPPB, but less to that of sex for 

SPPB and 6MWD, and of EF for KCCQ, SPPB, and 6MWD. MoCA subdomains that were 

significant predictors included the following: visuospatial/executive function (ß= –2.70) and 

abstraction (ß= –0.48) for KCCQ, visuospatial/executive function (ß=0.48) for SPPB, and 

attention (ß=11.30) of 6MWD (Supplemental Table 2).
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DISCUSSION

This study systematically assessed cognitive dysfunction and examined its relationships with 

multiple measures of other important patient outcomes, including physical function and 

QOL, across multiple academic and community sites in an older, diverse ADHF population. 

We found that 1) CI was highly prevalent; 2) CI involved predominantly visuospatial, 

executive function, and recall domains; and 3) CI was associated with severe physical 

dysfunction and poor QOL. Each of these impairments is clinically meaningful with 

prognostic implications despite not being typically addressed in current care models or 

disease management pathways. Concomitant cognitive and physical impairment implies 

coordinated, systemic dysfunction, which, subsequently, can jeopardize patient self-care, 

safety and independence (Figure 3).

CI Prevalence

Even though 78% of older patients with ADHF had MoCA scores suggesting the presence 

of mild CI or dementia, CI was only recognized clinically in a mere 2% of patients. Because 

patients with known severe CI or dementia were excluded from the present study, the actual 

prevalence of CI in the clinical setting is likely even greater. The high prevalence may also 

reflect the sensitivity of the MoCA, demonstrating its potential usefulness as screening tool 

for cognitive function in routine cardiovascular care. These results along with others indicate 

cognitive assessment using a standardized rapid screening instrument is feasible and can 

detect deficits not readily apparent through informal clinical assessment.4,9,16,24–26

CI and Self-Management

Successful HF management requires a high level of patient self-care management, including 

the ability to recognize symptoms and adhere to recommended self-monitoring and complex 

pharmaceutical and behavioral (diet, activity, mood, sleep) regimens. This in turn requires 

intact cognitive function.8,27 However, we found that older patients with ADHF performed 

poorly on items with executive, verbal recall, and visuospatial demands, extending emerging 

evidence in older patients with HF assessed with MoCA16,28 and in hospitalized patients 

with ADHF.24,25 Deficits in these domains suggest that older patients with ADHF are 

particularly challenged with reasoning, planning, problem-solving, short-term memory, and 

spatial relationships in the environment, thus jeopardizing their capacity for self-care 

management, instructional adherence, and safety upon hospital discharge to their home and 

community, respectively. Orientation was least affected, signifying that reliance on 

orientation alone to gauge cognitive capacity may be misplaced in this HF population.

Coordinated Dysfunction and Potential Mechanisms

Our results demonstrated that CI had a small yet significant and predictive relationship with 

physical impairments and poor QOL. Multiple cognitive subdomains were independent 

predictors including: visuospatial and executive function for SPPB, a multicomponent 

physical function test; attention for 6MWD, a physical endurance test; and visuospatial, 

executive function and abstraction for KCCQ, a multicomponent HF-specific QOL survey. 

These data imply that patients with ADHF may be especially challenged with 

multicomponent activities across both physical and psychological realms and with lengthy 
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activities. Also, in this older, frail, population with multiple comorbidities, it is important to 

note that one of the domains (cognition, physical function, quality of life) does not fully 

capture the effects of HF disease burden and highlights the importance that all domains be 

assessed as potential targets for therapeutic intervention in patients with ADHF.

Interestingly, cognitive function was inversely correlated with HF-specific QOL KCCQ and 

general QOL SF-12 PCS. This suggests that patients with relatively preserved cognitive 

function may have either increased sensitivity to symptoms or a negative perception of their 

actual physical capability, while patients with lower cognitive function may lack insight into 

their actual physical deficits. Those who lack insight into physical deficits may be at more 

risk for untoward events such as falling or not recognizing warning signs associated with 

worsening HF, which is consistent with studies showing higher clinical events in patients 

with HF with CI.4,25 The potential applicability to clinical care could be that for those with 

relatively higher MOCA and lower QOL scores care could be directed toward improving 

QOL through emotional or psychological support strategies while for those with relatively 

lower MOCA and higher QOL scores care could be directed toward improving their physical 

function and safety through physical rehabilitation strategies.

Tandem declines in cognitive function and physical function imply that both may be 

connected by systemic signals. Potential pathophysiological links include HF-associated 

chronic hypoperfusion, systemic inflammation, and immune dysregulation.5,29–31 The 

inadequate delivery of nutrients and oxygen and the release of pro-inflammatory mediators 

elicit structural and functional changes in the brain and skeletal muscle to precipitate 

cognitive and physical decline. Moreover, as HF progresses and sedentary time increases, CI 

can worsen.32,33 This increased severity of CI can, in turn, affect motor pathways to 

accelerate physical decline, resulting in a vicious cycle of worsening.

Putative mechanisms for cerebral hypoperfusion include low cardiac output34 and cerebral 

microemboli35. It had been assumed that infarcts from conditions often accompanying HF 

such as atrial fibrillation and cardiomyopathy were the predominant causal factor of CI. 

Recently, however, the rigorously designed Cognition.Matters-HF trial demonstrated that 

older patients with HF had a greater risk for brain atrophy, especially in the medial temporal 

lobe that is critical for memory, compared with silent lacunae and brain infarctions, even 

after adjusting for comorbidities including atrial fibrillation.36 Also, greater atrophy 

associated with more severe CI, principally in memory and attention domains. Deficit in 

attention, in particular, was associated with higher NYHA classification and shorter 6MWD, 

substantiating our subdomain prediction results. Subsequently, identifying the specific 

pathways linking CI and physical dysfunction will inform the tailoring of interventions 

based on pathophysiology and functional capacity.

Given that successful pharmaceutical treatments for declines in cognitive and physical 

function are lacking, identifying alternative treatment strategies that mitigate concomitant 

cognitive and physical deficits in HF is central to comprehensive care. Physical 

rehabilitation holds promise as a widely accessible, low-cost intervention that may slow, 

reverse, or prevent cognitive decline in HF.37–39 Exercise is documented to increase cerebral 

perfusion and oxygenation by promoting neuroplasticity and neurogenesis and, in turn, 
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cognitive functioning.40 This is particularly important given that neurons in the 

hippocampus of the medial temporal lobe, the main neural substrate for memory, have 

demonstrated neurogenesis and neuroplasticity.41,42 A recent study primarily in moderate to 

severe HF (NYHA II and III) found that baseline physical capacity (6MWD) was associated 

with lower MoCA scores.28 To date only one small study has examined the effects of 

aerobic exercise training on cognitive function specifically in severe HF (NYHA III) and 

found promising results.43 However, a much larger base of literature, including randomized 

controlled trials, suggests that exercise training improves cognitive function in other 

populations susceptible to cognitive decline, including older adults and those with stroke and 

dementia.44–46 The effects of exercise may also be examined in the REHAB-HF trial.

Strengths and Limitations

This study has several key strengths including a large, diverse representation of older 

patients hospitalized across academic and community settings with ADHF, use of multiple 

standardized instruments amenable to bedside administration, and acquisition of the patient-

centered outcomes of cognition, physical function, and QOL within a multicenter trial. 

Assessment of cognitive subdomains and their relationships with physical function and QOL 

is also unique. The study also has some limitations. QOL is a multidimensional concept that 

requires the capacity to make complex judgements about life and involves several cognitive 

subdomains, such as attention, memory, language, and abstract thinking. Thus, the QOL 

surveys may not be as valid in patients with those subdomain deficits. Rigorous 

psychometric studies on QOL assessments in older patients with ADHF may be necessary. 

Although the MoCA was the single cognitive evaluation performed, the results are highly 

novel in this older hospitalized population and lays the groundwork for future studies of 

more detailed assessments. However, the recommended “normal” cutoff for the MoCA 

might be too high for the older hospitalized ADHF population; resolution would require 

comparison of the MoCA with neuropsychological testing and matched control data. In 

addition, although cognitive function in hospitalized patients with ADHF may improve after 

compensation,25 the accuracy of the MoCA could still be impacted by several factors, 

including acute illness recovery, reduced cerebral perfusion due to ADHF itself, poor sleep 

quality, medications, and delirium. Delirium was not assessed with a specific test (e.g., 

Confusion Assessment Method), however, patients were examined by the clinical team and 

study HF cardiologist. Patients deemed to have clinical delirium were not approached. 

Patients who were enrolled were deemed medically stable, cleared for discharge directly to 

their home, and capable of consent. Lastly, given the cross-sectional study design, we cannot 

assess the relative importance of the identified impairments to subsequent outcomes, 

although prior research indicates these impairments strongly predict subsequent clinical 

events.

Conclusion

Although the overwhelming majority of older hospitalized patients with ADHF had MoCA 

scores suggestive of CI, it was nearly always unrecognized clinically. Moreover, CI was 

global, affecting most domains of cognitive function, and was associated with severe 

impairments in physical function and QOL. Concomitant cognitive and physical impairment 

implies coordinated, systemic dysfunction, which has high potential to jeopardize patient HF 
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self-management, safety, and functional independence. These findings suggest the potential 

utility of formal screening for CI and development of novel interventions to improve these 

important patient-centered outcomes (Figure 3).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

ADHF acute decompensated heart failure

CI cognitive impairment

MoCA Montreal Cognitive Assessment

HFpEF heart failure with preserved ejection fraction

HFrEF heart failure with reduced ejection fraction

SPPB short physical performance battery

6MWD six-minute walk distance

QOL quality of life

KCCQ Kansas City Cardiomyopathy Questionnaire

SF-12 12-item short form health survey

MCS SF-12 mental composite score

PCS SF-12 physical composite score

EQ-5D-5L EuroQol-5D-5L questionnaire

VAS Visual Analog Scale
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HIGHLIGHTS

• In older hospitalized ADHF patients, cognitive dysfunction is prevalent.

• Cognitive dysfunction is associated with severe physical function deficits.

• Concomitant impairment can jeopardize HF management strategies and 

patient safety.

• Screening may reduce adverse events by identifying those who need tailored 

care.
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Figure 1. MoCA Score Distribution.
Distribution of education-corrected MoCA scores in patients ≥60 years of age hospitalized 

with acute decompensated heart failure with <26 cutoff marked. MoCA, Montreal Cognitive 
Assessment
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Figure 2. Relationship Between Cognition and Physical Function and QOL.
Relationship between cognitive function and physical function and QOL in patients ≥60 

years of age hospitalized with acute decompensated heart failure. There was a significant 

positive association between the total MoCA score and SPPB score (A) and 6MWD (B). 

There was a significant inverse association between the total MoCA score and KCCQ 

Overall Summary Score (C) and SF-12 Physical Composite Score. MoCA – Montreal 
Cognitive Assessment; SPPB, Short Physical Performance Battery; 6MWD, six-minute walk 
distance; KCCQ, Kansas City Cardiomyopathy Questionnaire; SF-12, Short Form.
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Figure 3: Conceptual Model.
Among older patients hospitalized with acute decompensated heart failure, cognitive 

impairment is highly prevalent, is underrecognized clinically, and is a predictor of severe and 

widespread physical dysfunction and poor quality of life. Concomitant cognitive and 

physical impairment implies coordinated, systemic dysfunction, which has high potential to 

jeopardize adherence to heart failure management strategies, safety, and independent living. 

Screening for cognitive and physical dysfunction delivers crucial details regarding 

performance in daily life activities and health management, identifying those who may 

require more support and tailored care to reduce the risk of untoward adverse events and 

unnecessary hospitalizations.
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Table 1:

Baseline Characteristics, Comorbidities, Medications of Older Hospitalized Patients with ADHF

Characteristics N=199

Age, years 72.1 ± 7.6

Women 108 (54%)

Non-white 104 (52%)

Ejection Fraction <45% 104 (52%)

BMI, kg/m2 33.2 ± 8.8

NYHA Class

II 31 (15%)

III 104 (52%)

IV 44 (22%)

Patients with previous hospitalization within 6 months 86 (43%)

Patients with previous heart failure hospitalizations within 6 months 53 (32%)

All-cause hospitalizations within 6 months, total 165

Heart Failure hospitalizations in last 6 months, total 82 (50%)

Less than high school education 37 (19%)

Live alone 66 (33%)

Comorbidities

Hypertension 184 (92%)

Diabetes mellitus 110 (55%)

Atrial fibrillation 92 (46%)

Chronic kidney disease 65 (33%)

Depression 33 (17%)

Stroke 31 (16%)

Dementia/Cognitive impairment 4 (2%)

Current medications

Loop diuretic 186 (94%)

Beta blocker 166 (84%)

ACE or ARB 125 (63%)

Aldosterone antagonist 36 (18%)

Digoxin 13 (13%)

Physical Function

SPPB 6.0 ± 2.5

 Balance score 2.7 ± 1.3

 4-meter walk score 2.3 ± 1.0

 Chair stand score 1.1 ± 1.1

6MWD, meters 186 ± 100

Quality of Life

KCCQ OSS 41 ± 21
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Characteristics N=199

SF-12 PCS 28 ± 9

SF-12 MCS 44 ± 14

EQ5D-5L

Mobility 2.5 ± 1.0

Self Care 1.7 ± 0.9

Usual Activities 2.6 ± 1.2

Pain/Discomfort 2.4 ± 1.1

Anxiety/Depression 1.8 ± 1.0

Thermometer/VAS (0–100) 57 ± 22

Values presented as frequency (%) or mean ± standard deviation unless otherwise indicated.

Abbreviations: BMI, body mass index; ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; SPPB, Short Physical 
Performance Battery; 6MWD, six-minute walk distance; KCCQ, Kansas City Cardiomyopathy Questionnaire; OSS, Overall Summary Score; SF, 
Short Form; PCS, physical composite score; MCS, mental composite score; EQ-5D-5L, EuroQol-5D-5L; VAS, visual analog scale.
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Table 2.

MoCA Total Score and Subdomain Scores of Older Hospitalized Patients with ADHF

Cognitive Function Variable Mean ± SD % of Possible Score

MoCA score (30) 21.2 ± 4.4 71%

MoCA score corrected for education* (30) 21.8 ± 4.3 73%

MoCA Subdomains

 Visuospatial/executive function score (5) 2.9 ± 1.4 58%

 Naming (3) 2.6 ± 0.7 87%

 Attention (6) 4.5 ± 1.6 75%

 Language (3) 1.9 ± 0.9 63%

 Abstraction (2) 1.4 ± 0.8 70%

 Delayed recall (5) 2.2 ± 1.7 44%

 Orientation (6) 5.6 ± 0.8 93%

*
1 point added for education ≤12 years or equivalence.

Abbreviations: MoCA, Montreal Cognitive Assessment
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Table 3.

Unadjusted and Adjusted Relationships of MoCA Score with Participant Characteristics, Physical Function, 

and QOL

Variable Unadjusted*
Adjusted

†

Estimate p-value Estimate p-value

Age −0.06 ± 0.04 0.11 −0.12 ± 0.04 0.005

SPPB 0.42 ± 0.12 <0.001 0.47 ± 0.12 <0.001

 Balance score 0.77 ± 0.23 0.001 0.82 ± 0.23 <0.001

 4-meter walk score 0.94 ± 0.30 0.002 0.95 ± 0.31 0.003

 Chair stand score 0.45 ± 0.28 0.12 0.57 ± 0.28 0.046

6MWD 0.01 ± 0.00 0.003 0.01 ± 0.00 0.006

KCCQ OSS −0.05 ± 0.01 <0.001 −0.05 ± 0.01 0.002

SF-12 PCS −0.09 ± 0.03 0.008 −0.09 ± 0.03 0.006

SF-12 MCS −0.02 ± 0.02 0.34 −0.02 ± 0.02 0.26

EQ-5D-5L

 Mobility 0.29 ± 0.31 0.34 0.14 ± 0.32 0.66

 Self Care 0.01 ± 0.35 0.97 −0.05 ± 0.35 0.89

 Usual Activities 0.65 ± 0.25 0.011 0.55 ± 0.25 0.031

 Pain/Discomfort 0.12 ± 0.28 0.67 0.25 ± 0.28 0.38

 Anxiety/Depression 0.13 ± 0.31 0.67 0.03 ± 0.31 0.93

 Thermometer/VAS (0–100) −0.02 ± 0.01 0.09 −0.02 ± 0.01 0.16

*
Education-corrected MoCA total score.

†
Raw MoCA total score and adjusted for sex, race, and education.

Abbreviations: MoCA, Montreal Cognitive Assessment; SPPB, Short Physical Performance Battery; 6MWD, six-minute walk distance; KCCQ, 
Kansas City Cardiomyopathy Questionnaire; OSS, Overall Summary Score; SF, Short Form; PCS, physical composite score; MCS, mental 
composite score; EQ-5D-5L, EuroQol-5D-5L; VAS, visual analog scale.
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