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Abstract

Background—Cognitive impairment in persons with heart failure is common. Theories of 

cognitive reserve suggest that premorbid factors, such as intellectual ability, may provide a buffer 

against cognitive impairment due to neuropathological insult. No study has examined the influence 

of cognitive reserve on cognitive functioning in older adults with heart failure.

Aim—This study examined whether cognitive reserve moderates the relationship between heart 

failure severity and cognitive function.

Methods—A total of 157 persons with heart failure (69.26 ± 9.26 years; 39% female) completed 

neuropsychological testing and a brief fitness assessment. Cognitive reserve was operationalized 

using estimated premorbid intellect on American National Adult Reading Test (AMNART).

Results—A moderation analysis was performed using a hierarchical regression models for each 

cognitive domain. An interaction term between the AMNART and 2-minute step test was created 

and entered into the final block of the model, with demographic, psychosocial, and heart failure 

severity entered in the previous blocks. The interaction term was significant for attention (t(155) = 

−2.54, p = .012), executive function (t(155) = −3.30, p = .001), and language (t(155) = −2.83, p = .

005) domains.
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Conclusion—The current findings suggest that cognitive reserve moderates the association 

between heart failure severity and cognitive function in multiple cognitive domains. Further work 

is needed to clarify the mechanisms by which cognitive reserve attenuates cognitive impairment in 

this population.
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1. Introduction

Recent research has demonstrated the adverse impact of cardiovascular disease on cognitive 

function, and vascular disease is now recognized as the second largest risk factor for 

dementia (Bowler, 2005). Among the cardiovascular diseases, heart failure already affects 

more than 5.7 million Americans in the United States alone (Lloyed-Jones et al., 2009) and 

it has become the most common reason for rehospitalization, accounting for an estimated 

$17.4 billion in Medicare costs per year (Jencks, Williams, & Coleman, 2009). 

Cardiovascular disease is the leading cause of morbidity, and mortality in the United States, 

and will likely remain so, as 78% of the United States population currently exhibits one or 

more cardiovascular disease risk factor (Kahn, Robertson, Smith, & Eddy, 2008; Lloyd-

Jones et al., 2009; National Heart, Lung, and Blood Institute, 2007). Furthermore, a future 

trend of increased burden of cardiovascular disease seems inevitable due to recent increases 

in obesity, hypertension, and type 2 diabetes mellitus (Lloyd-Jones et al., 2009),

A likely contributor to elevated rates of hospital readmissions in persons with heart failure is 

cognitive impairment. Cognitive dysfunction secondary to vascular disease, often termed 

vascular cognitive impairment (VCI) (Hachinski et al., 2006), impacts both quality of life 

and functional independence (Leblanc, Meschia, Stuss, & Hachinski, 2006; Cohen et al., 

1999; Rockwood et al., 2000; Bennett, Cordes, Westmoreland, Castro, & Donnelly, 2000). 

Past research examining adults with heart failure demonstrates that cognitive impairment 

negatively impacts instrumental activities of daily living, including poor medication 

compliance (Zuccala et al., 2001; Sloan & Pressler, 2009), and increases risk of mortality 

(Putzke, Williams, Daniel, Bourge, & Boll, 2000; Zuccala et al., 2003). This is perhaps not 

surprising, as up to 75% of persons with heart failure exhibit cognitive dysfunction on 

testing (Vogels, Scheltens, Schroeder-Tanka, & Weinstein, 2007).

Models of cognitive reserve suggest that premorbid factors, such as greater intellectual 

ability, may provide a buffer against cognitive impairment and thus contribute to the 

observed cognitive variability in individuals with the same neuropathological insult (Stern, 

2009). Cognitive reserve is known to moderate cognitive impairment in a wide range of 

conditions, including Alzheimer’s disease (Stern, 2009), traumatic brain injury (Kesler, 

Adams, Blasey, & Bigler, 2003), HIV (Farinpour et al., 2003), and neuropsychiatric 

disorders (Barnett, Salmond, Jone, & Sahakian, 2006). Similarly, cognitive reserve also 

moderates cognitive impairment seen in populations with significant white matter 

involvement, including multiple sclerosis, and stroke (Brickman et al., 2009; Elkins et al., 

2006; Sumowski, Chiaravalloti, & DeLuca, 2009). These findings are noteworthy, as white 
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matter ischemia is common in persons with HF, and likely contributes to the cognitive 

dysfunction seen in this population (Almeida et al., 2005; Paul et al., 2005). Regardless of 

the medical population, the above findings are consistent with the notion that cognitive 

reserve may moderate cognitive function in almost any disorder with neurocognitive 

impairment (Stern, 2009).

The current study examined whether cognitive reserve, operationalized by an estimate of 

permorbid intelligence, moderates the relationship between heart failure severity and 

cognitive function. Based on findings in other populations, we expected that greater 

cognitive reserve would attenuate the cognitive deficits typically found in patients with heart 

failure.

2. Methods

2.1 Participants

The current sample included 157 consecutive persons with heart failure selected from a 

database of a large-scale NIH-funded research study examining cognitive function in 

persons with heart failure. Participants were recruited from Summa Health System in Akron, 

Ohio and reflect the heart failure population receiving treatment at that facility. For 

inclusion, participants were between the ages of 50-85 years of age, English-speaking, and 

had a previous diagnosis of New York Heart Association (NYHA) class II or III at the time 

of enrollment. Potential participants were excluded for history of significant neurological 

disorder (e.g. dementia, stroke), head injury with >10 minutes loss of consciousness, severe 

psychiatric disorder (e.g. schizophrenia, bipolar disorder), substance use, renal failure, and 

sleep apnea. Participants averaged 69.26 ± 9.26 years of age, were 38.9% female, 11.8% 

African-American, and 2.6% Native American. See Table 1 for participant demographic and 

medical information.

2.2 Measures

2.2.1 Cognitive Reserve—The current study used an estimate of premorbid intelligence 

to measure cognitive reserve. Premorbid intelligence is well documented as a robust measure 

of cognitive reserve (Albert & Teresi, 1999; Alexander et al., 1997). To assess premorbid 

intelligence, the American National Adult Reading Test (AMNART) was administered to all 

participants. The AMNART asks individuals to read a list of irregularly pronounced words. 

The AMNART is a reliable estimate of intelligence in medical populations (Blair & Spreen, 

1989; Friend & Grattan, 1998; Uttl, 2002).

2.2.2 HF Severity—The 2-minute step test (2MST) is an assessment of cardiovascular 

endurance and was used to serve as an estimate of heart failure severity (Jones & Rikli, 

2002). The 2MST requires the patient to march in place for 2 minutes. The patient is asked 

to bring each knee up to a marked target set on the wall at the individual’s own midpoint 

between the kneecap and crest of the iliac. The number of times the right knee met the 

marked target was counted. Increased step count within the 2-minutes was reflective of 

greater cardiovascular fitness. The 2-minute step test has been suggested to be an alternative 

to the more cumbersome 6-minute walk test, which has been shown to be associated with 
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functional work capacity (r = .64), maximal oxygen uptake (r = .70) (Nixon, Joswiak, & 

Fricker, 1996), and is a known predictor of poor prognosis in persons with HF (Bittner et al., 

1993).

2.2.2 Neuropsychological Measures—All neuropsychological tests used in the current 

study demonstrate strong psychometric properties including reliability and discriminant and 

construct validity. The domains and neuropsychological tests administered are as follows:

• Attention: Trail Making Test A (Spreen & Strauss, 1991), Digit Symbol 

Coding (Smith, 1983), and Letter Number Sequencing (LNS) (Wechsler, 

1997), and the Adaptive Rate Continuous Performance Test Inter Stimulus 

Interval score (the average interval between stimulus items) (Cohen, 

1993).

• Executive function: Trail Making Test B (Dikmen, Heaton, Gran & 

Temkin, 1999), and the Frontal Assessment Battery (FAB) (Dubois, 

Slachevsky, Litvan, & Pillon, 2000)

• Memory: The California Verbal Learning Test-II (CVLT-II) total learning, 

short delay free recall, long delay free recall, and total hits (Delis, Kramer, 

Kaplan & Ober, 2000).

• Language: Boston Naming Test (BNT) (Hawkins et al., 1993), and Animal 

Fluency (Morris et al., 1989)

2.2.3 Depressive Symptoms—The BDI-II is a commonly used measure of depressive 

symptoms with excellent psychometric properties in persons with medical conditions 

(Amau, Meagher, Norris, & Bramson, 2001). Higher scores on the BDI-II reflect more 

severe depressive symptomatology.

2.3 Procedures

The local Institutional Review Board (IRB) approved the study procedures and all 

participants provided written informed consent prior to study enrollment. Participants 

completed demographic, medical and psychosocial self-report measures. A brief 

neuropsychological examination was then administered to all heart failure participants to 

assess attention, executive function, memory, and language. Individuals then completed the 

2MST under supervision.

2.4 Statistical Analyses

To facilitate clinical interpretation all raw scores of the neuropsychological measures 

assessing cognitive function were transformed to t-scores (a distribution with a mean of 50, 

and a standard deviation of 10) using existing normative data correcting for age. Gender was 

also corrected for on measures of memory functioning. An average composite score for the 

cognitive domains of attention, executive function, memory, and language were calculated 

by averaging the t-scores of the measures within each domain. Consistent with clinical 

interpretation, impairment in these domains for the current study was defined as a t-score of 

1.5 standard deviations below the mean (t < 35).
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Moderation analyses using a multiple linear hierarchical regression model was performed 

for each cognitive domain. All continuous predictor variables were transformed to z-scores, 

and gender was dummy coded as 1 for females, and 0 for males. For analyses examining 

attention, executive function, and language as the dependent variable, demographic and 

psychosocial predictors, which include participant gender, and depressive symptomatology 

(as assessed by the BDI-II) were entered into the first block of the model. Only depressive 

symptomatology was entered in the first block of the model that examined memory as the 

dependent variable. For all analyses, the 2MST was entered into the second block and 

AMNART in the third block. The cross product of the AMNART (moderator) and 2MST 

(independent variable) was generated and entered into the fourth block.

3. Results

Cognitive Impairment is Prevalent in an Older Adult HF population

Cognitive impairment in the domains of attention and executive function was prevalent in 

the sample, with many participants exhibiting t-scores <35 on composite scores for these 

domains. Specifically, 27.4% showed significant impairments in attention, and 21.7% of the 

sample showed impairments in executive function. Impairment in memory (10.2%) and 

language functioning (8.3%) were less common. See Table 2.

The 2MST is an Independent Predictor of Cognitive Function

We conducted a series of hierarchical regressions to identify predictors of cognitive function. 

In the model examining the main effects of gender and depression (as assessed by the BDI-II 

total score) were unrelated to cognitive function in attention, executive function, and 

language (all p > .05). Depression was also unrelated to memory functioning (p > .05). 

However, when the index of heart failure severity (2MST) was introduced into the models, it 

showed significant association with attention (ΔF(1,153) = 18.78, ΔR2 = .11, p < .001), 

executive function (ΔF (1, 153) = 19.32, ΔR2 = .11, p < .001), and language (ΔF(1,153) = 

25.96, ΔR2 = .14, p < .001), after accounting for gender and depression. Better fitness (i.e. 

greater step count on the 2MST) was associated with better cognitive function in these 

domains. No such pattern emerged for memory (ΔF (1, 154) = 1.62, ΔR2 = .01, p = .221) 

after accounting for depression.

Premorbid intelligence is an independent predictor of performance in specific cognitive 
domains

The current sample exhibited a high estimated premorbid intelligence with a mean of 111.19 

± 10.85 on the AMNART. Hierarchical regression analyses revealed that after accounting for 

demographic variables and the 2MST performance, the AMNART showed significant 

association with attention (ΔF(1,152) = 25.43, ΔR2 = .13, p < .001), executive function (ΔF 
(1,152) = 35.84, ΔR2 = .17, p < .001), memory (ΔF(1,152) = 5.56, ΔR2 = .03, p = .020), and 

language (ΔF(1,152) = 90.27, ΔR2 = .31, p < .001). In each case, higher score on the 

AMNART was associated with better performance in a specific cognitive domain. See Table 

3.
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Premorbid Intelligence Moderates the Relationship between HF Severity and Cognitive 
Function

The interaction between the AMNART and the 2MST was significant, after controlling for 

the demographic variables, the 2MST, and the AMNART, in the domains of attention 

(ΔF(1,151) = 6.45, ΔR2 = .03, p = .012), executive function (ΔF(1,151) = 10.89, ΔR2 = .05, p 
= .001), and language (ΔF(1,151) = 7.98, ΔR2 = .03, p = .005), but not memory (ΔF(1,151) 

= .820, ΔR2 = .005, p = .367). Furthermore, the AMNART moderated the relationship 

between the 2MST, and cognitive function as the interaction term was a significant predictor 

in the model for attention (t(155) = −2.54, p = .012), executive function (t(155) = −3.30, p =.

001), and language (t(155) = −2.83, p = .005). In each case, higher estimated premorbid 

intelligence attenuated the adverse impact of heart failure on cognitive function. See Figures 

1-3.

4. Discussion

The main finding of this study is that although older adults with heart failure exhibited 

deficits in multiple cognitive domains, cognitive reserve moderated the negative impact of 

heart failure on cognitive function. The observed cognitive deficits are commonly reported 

in the extant studies of heart failure and are linked to elevated risk for Alzheimer’s disease 

(Qiu et al., 2006; Acanfora et al., 1996; Tilvis et al., 2004; Almeida et al., 2005). Such 

pattern of poor performance on tests of attention, executive function, and memory may 

reflect adverse impact of cerebral hypoperfusion and inadequate oxygenation, particularly 

on frontal and temporal regions (Vogels, et al., 2007; Woo, Macey, Fonarow, Hamilton, & 

Harper, 2003; Rains, 2002; Pressler et al., 2010). Moreover, in various patient populations, 

the described pattern of deficits is associated with significant personal burden, including 

reduced day-to-day functions and poorer quality of life (Cahn-Weiner, Boyle, & Malloy, 

2002; Kalmar, Gaudino, Moore, Halper, & DeLuca, 2008; Pressler et al., 2010). Recent 

work shows that cognitive impairment is an independent predictor of instrumental activities 

of daily living and self-care behaviors in persons with heart failure (Alosco et al., in press; 

Pressler et al., 2010) and it is important to clarify the contribution of cognitive dysfunction 

to mortality and disability in this population (Zuccala et al., 2003; Zuccala et al., 2001). Past 

work has suggested that exercise may improve cognitive function in persons with heart 

failure (Stanek et al., 2011; Tanne et al., 2005; Stern, 2009), and future studies should 

explore a possibility that the extent of such benefits may depend on cognitive reserve.

The current findings indicate that cognitive reserve moderates the relationship between heart 

failure severity and performance on tests of attention, executive function, and language. 

Cognitive reserve moderates cognitive declines in Alzheimer’s disease (Stern, 2009), as 

patients with high cognitive reserve reveal more advanced brain pathology than their low-

reserve counterparts, while displaying no differences in symptoms severity (Stern, 

Alexander, Prohovnik, & Mayeux, 1992; Stern, 2009). A growing literature demonstrates 

cognitive reserve provides benefits across various neurological populations. Work in 

Alzheimer disease patients has found cognitive reserve to attenuate the impact of pathology 

including β-amyloid (Roe et al., 2008), neuritic plaques, and diffuse plaques (Bennett et al., 

2003) on cognitive function. Similar findings emerge in patients with multiple sclerosis, a 
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disease known to predominately affect the white matter of the brain (Benedict et al., 2010; 

Sumowski, Chiaravalloti, & DeLuca, 2009; Sepulcre et al., 2009). Perhaps more directly 

related to the current sample, increased cognitive reserve mitigates the adverse effect of 

white matter hyperintensities on cognitive function in a sample of neurologically healthy 

older adults (Brickman et al., 2009). Future studies should determine the degree to which 

cognitive reserve moderates different mechanisms for cognitive impairment in persons with 

HF, including white matter hyperintensities.

The current study identifies cognitive reserve as an important contributor to cognitive 

function in older adults with HF. However, it may also be possible that psychosocial and 

medical interventions may provide cognitive benefits in this population. Physical activity 

(Stanek et al., 2011; Tanne et al., 2005; Stern, 2009), cognitive stimulation (Jedrziewski, 

Ewbank, Wang & Trojanowski, 2010), and environmental enrichment (Brown et al., 2003), 

have been proposed as interventions that could alleviate the effects of neuropathology on 

cognitive performance and daily functions in a variety of patient samples. Whether cognitive 

deficits due to heart failure can be alleviated by the same techniques awaits empirical test.

Interestingly, in this study, cognitive reserve did not moderate the association between heart 

failure and memory performance, despite its beneficial influence on other cognitive 

domains. A likely explanation for this finding is the low rates of impairments in the memory 

domain among the current sample. Despite these low rates, assessment of memory 

functioning in this population remains important, as HF patients have been shown to have 

poorer memory when compared to a healthy population (Pressler et al., 2010). Future studies 

should examine cognitive function in HF persons longitudinally, as HF patients are at risk 

for developing Alzheimer’s disease over time (Qiu et al., 2006). Another potential 

explanation for this finding may involve pathology threshold effects. Past work in persons 

with AD shows that patients with higher education levels receive the diagnosis later but 

decline more rapidly than persons with lower educational attainment (Stern et al., 1995; 

Stern, Albert, Tang & Tsai, 1999). Thus, it is possible that in heart failure, the high level of 

cognitive reserve is protective until much later in the disease process, at which time 

cognitive impairment rapidly declined due to the high level of pathology, as proposed in the 

case of AD (Stern et al., 1995; Stern et al., 1999).

Limitations of the current findings warrant brief review. No gold standard for assessing 

cognitive reserve exists in the literature and future studies might benefit from comparing 

different operational definitions of that construct. Specifically, studies should examine the 

potential influence of occupational attainment, as previous work has shown it to be a 

contributor to cognitive reserve in patients with Alzheimer’s disease (Stern et al., 1994). 

Prospective studies examining the influence of cognitive reserve on cognitive decline in 

heart failure are also much needed, particularly those employing neuroimaging. For 

example, brain reserve, which includes neural compensatory processes, could be an alternate 

explanation of our findings, as it is known to mitigate impairment in persons with 

Alzheimer’s disease (Serra et al., 2011). Prospective studies should examine the possible 

contribution of neural reserve and neural compensation, as research suggests that higher 

cognitive reserve may be associated with increased neural networks and pathways (Stern, 

2009).

Alosco et al. Page 7

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2016 August 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In summary, the current findings indicate that cognitive reserve moderates cognitive function 

in older adults with heart failure. Future studies are needed to clarify the physiological 

mechanisms for this phenomenon and potential clinical benefits of assessing premorbid 

ability levels.
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Figure 1. Cognitive Reserve moderates the Association between Heart Failure Severity and 
Attention
Note. Lower scores on the x-axis is reflective of worse heart failure severity and higher 

scores on the y-axis represents better test performance
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Figure 2. Cognitive Reserve moderates the association between Heart Failure Severity and 
Executive Function
Note. Lower scores on the x-axis is reflective of worse heart failure severity and higher 

scores on the y-axis represents better test performance
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Figure 3. Cognitive Reserve moderates the association between Heart Failure Severity and 
Language
Note. Lower scores on the x-axis is reflective of worse heart failure severity and higher 

scores on the y-axis represents better test performance
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Table 1

Demographic and Clinical Characteristics of 157 Older Adults with Heart Failure.

Demographic Characteristics

N 157

Age, mean (SD) 69.26 (9.26)

Sex (% Women) 38.8

Race (% Caucasian) 85.6

Education, mean (SD) 13.35 (2.77)

Medical Characteristics (%)

CABG/Bypass Surgery 34.4

Diabetes 35.0

Hypertension 72.0

Elevated Total Cholesterol 67.5

MI 55.4

Note. Means and Standard Deviations of Test Performance Scores are Raw Scores CABG = Coronary artery bypass graft; MI = Myocardial 
Infarction
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Table 2

Descriptive statistics of cognitive tests (means ± standard deviations)

ESTIMATED PREMORBID INTELLIGENCE

AMNART 111.19(10.85)

ATTENTION

Digit-Symbol Substitution 49.11(14.82)

TMTA 42.79(17.94)

LNS 8.75(2.58)

ARCPT ISI 126.43(105.88)

EXECUTIVE FUNCTION

FAB 15.64(2.59)

TMTB 114.09(56.58)

MEMORY

CVLT Total 39.15(11.09)

CVLT SDFR 7.41(3.43)

CVLT LDFR 7.91(3.46)

CVLT Hits 13.41(2.41)

LANGUAGE

Boston Naming Test 53.25(6.39)

Animals 19.17(5.06)

DEPRESSION

Beck Depression Inventory-II 8.22(7.83)

PHYSICAL FITNESS

2 Minute Step-test 58.83(22.80)

TMTA = Trail Making Test A; LNS = Letter Number Sequencing; ARCPT = Adaptive Rate Continuous Performance Test; FAB = Frontal 
Assessment Battery; TMTB = Trail Making Test B; CVLT = California Verbal Learning Test; SDFR = Short Delay Free Recall; LDFR = Long 
Delay Free Recall;
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Table 3

Association of the AMNART with Cognitive Functions in Older Adults with Heart Failure (N = 157): A 

summary of hierarchical regressions.

Variable
Attention
b(SE b)

Executive Function
b(SE b)

Memory
b(SE b)

Language
b(SE b)

Gender .34 (3.20) −1.87 (2.84) . _ −.53 (1.38)

BDI-II −.44 (1.51) −.93 (1.34) −.82 (.72) −1.36 (.65)*

2MST 3.96 (1.66)* 3.26 (1.47)* .22 (.80) 1.65 (.72)*

AMNART 8.21 (1.63)** 8.64 (1.44)** 1.85 (.79)* 6.70 (.71)**

R2 .24** .29** .05* .47**

F for ΔR2 25.43** 35.84** 5.56* 90.27**

Note.

Abbreviations: b – unstandardized regression coefficients, SE – standard error, BDI-II = Beck Depression Inventory-II; 2MST = 2-minute step test; 
AMNART = American National Adult Reading Test

*
denotes p < 0.05;

**
denotes p < .001
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