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Abstract

Background—The etiology of cognitive impairment in heart failure (HF) is controversial and
likely multifactorial. Physicians may hesitate to prescribe evidence-based HF medication because
of concerns related to potential negative changes in cognition among a population that is already
frequently impaired. We conducted a study to determine if prescription of evidence-based HF
medications (specifically, beta-blockers, angiotensin-converting enzyme inhibitors, angiotensin-
receptor blocking agents, diuretics, and aldosterone inhibitors) was associated with cognition in a
large HF sample.

Methods—Six-hundred and twelve patients completed baseline data collection for the Rural
Education to improve OuTcomEs in Heart Failure clinical trial (REMOTE-HF), including
information about medications. Global cognition was evaluated using the Mini-Cog.

Results—The sample mean age was 66-years old (SD 13 years), 58% were male, 89%
Caucasian. Global cognitive impairment was identified in 206 (34%) of the 612 patients.
Prescription of evidence-based HF medications was not related to global cognitive impairment in
this sample. This relationship was maintained even after adjusting for potential confounders (e.g.
age, education, and comorbid burden).

Conclusion—Prescription of evidence-based HF medications is not related to low scores of a

measure of global cognitive function in rural patients with HF.
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Introduction

Health care costs related to heart failure (HF) are approximately $31 billion per year in the
United States®. According to current statistics, the number of hospital discharges for HF has
remained unchanged since 2000 with 68% of HF costs directly related to medical carel.
Inability to follow complex medication regimens and recognize worsening symptoms is
frequently identified as a reason for re-admission?=>. Cognitive impairment, often described
as difficulty with attention and memory among individuals with HF, likely contributes to the
inability to follow complex medication regimens and recognize worsening symptom
patterns.

Approximately 50% of individuals diagnosed with HF experience cognitive impairment5-9.
The etiology of cognitive impairment in HF is controversial and most likely multifactorial.
A leading hypothesis suggests that acute and chronic hypoperfusion related to the HF
disease process may affect areas of the brain that are sensitive to changes in blood flow.
These same areas of the brain that are sensitive to blood flow are also related to cognitive
processes, such as memory and attention1%-14, Evidence-based medications such as beta-
blockers (BBs), angiotensin-converting enzyme inhibitors (ACESs), the newer generation
angiotensin-receptor blocking agents (ARBSs), aldosterone antagonists, and diuretics were
created in part to improve cardiac output and blood flow to vital organs such as the brain.
Several of the evidence-based medications used in HF have demonstrated positive effects on
cognition, along with a decreased progression of dementia in non-HF samples!>-19,

The guidelines related to HF medications have been in place for over a decade and yet
practitioners’ prescription rates are still relatively low. Data from HF registries in the US,
Asia/Pacific and Europe report low utilization rates of BBs (< 85%) and ACEs or ARBs (<
8096)20-26, Utilization is even lower for medications that have more contraindications, such
as aldosterone inhibitors, with several authors reporting that fewer than 40% of eligible
patients receive these agents?0-23.26_ Further, even though prescription rates among some
evidence based medications are improving (e.g. BBs and ACE/ARB), the drugs are titrated
to dosages that are associated with improved clinical outcomes less than 50% of the
time20:21.23.26.27 Multiple factors contribute to low prescription rates, including patient age
and comorbid conditions (e.g. asthma, depression or cognitive impairment)22.23.28

If data supporting minimal or even positive changes to cognition were available, prescription
rates of evidence-based medication might improve. However, there is a dearth of
information surrounding the impact of evidence-based HF medication on cognition among
individuals with HF2%-32, Consequently, physicians may hesitate to prescribe evidence-
based HF medication because of concerns related to potential negative changes in cognition
among a population that is already frequently impaired. Therefore, we conducted a study to
determine if prescription of evidence-based HF medication (specifically BBs, ACEs, ARBs,
aldosterone inhibitors, and diuretics) was associated with cognition in a large HF sample. In
addition, we explored potential inconsistencies in the prescription of evidence-based HF
medications based on the presence of cognitive impairment.
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This study was part of an ongoing multi-site randomized clinical trial, Rural Education to
iMprove OuTcomEs in Heart Failure (REMOTE-HF), that was designed to test an education
and counseling intervention to improve self-care in patients with HF who live in rural
areas33, Rural areas were defined as towns of <2,500, living in open country or a
metropolitan center of <50,00033. The methods used in the parent study have been described
elsewhere34, The Institutional Review Boards at each site approved all activities. Briefly,
inclusion criteria were age = 18 years old with stable HF, hospitalized for HF within the last
12 months, able to read and write English, and living independently with primary decision-
making ability (i.e., not institutionalized). Patients were excluded if they had a complicating
serious co-morbidity (disease or illness predicted to cause death within the next 12 months),
required dialysis, had a psychiatric illness or untreated malignancy, or were enrolled in a HF
disease management program. Trained research nurses assessed 636 individuals with HF
living in rural areas of California, Kentucky, and Nevada for eligibility and approached them
about the study during a regularly scheduled clinic visit. Of the 636, 10 refused to participate
and 12 were excluded for a score of <3 on the Mini-Cog assessment (scores <3 are
indicative of severe global cognitive impairment). Two patients did not complete baseline
data collection. All patients gave informed consent. The data reported here were collected on
612 patients at baseline prior to randomization.

Demographic information (i.e. age, gender, race/ethnicity, education, and income) was
collected through a simple self-administered form. Information pertaining to patients’
medical history (i.e. medication use and dosage) was collected by medical chart review by
trained study personnel. Co-morbidities were assessed using the Charlson Co-morbidity
Index (CCI)3.

Cognition was evaluated using the Mini-Cog which combines a three-item recall task
(memory) with a clock drawing task (executive function). The Mini-Cog has good
sensitivity and specificity across ethnically diverse populations and is not affected by
education or language, as more traditional measures of cognition, such as the Mini Mental
Status Exam36-38, Although the Mini-Cog was designed as a screening tool for dementia,
Kaufer et al, (2008) reported that the Mini-Cog had a 90% positive predictive value of
identifying cognitive impairment in a large sample of individuals residing in assisted living
facilities3®. Borson et al, (2005) documented that the Mini-Cog had an overall accuracy (true
positives+true negatives/true positive+true negatives+false positives+false negatives) of
83% classifying participants as cognitively impaired or normal cognition in a sample of 371
community dwelling, ethnically diverse participants. Finally, the Mini-Cog has documented
validity in HF samples*041. Most recently, Patel et al. (2014) reported that among patients
hospitalized with HF, Mini-Cog scores were associated with poor 30-day outcomes??. There
are a variety of administration and scoring methods for the Mini-Cog assessment. For this
study patients completed both the three-item recall and the clock draw task. The clock draw
tests were independently scored by a single researcher according to a three point scoring
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criteria®®42, Based on the scoring system developed by Steenland et al, (2008), the Mini-
Cog scores can range from 0 — 6 (3 points for the three-item recall and 3 points for the clock
draw task; a score of 0 — 2 suggests dementia, a score of 3 — 4 suggests mild impairment,
and a score > 4 suggests intact cognition). For this study cognitive impairment was defined
as a Mini-Cog assessment score of 3 or 4.

Statistical Methods

Results

Data were analyzed using SPSS® for Windows (version 19.0, SPSS, Inc., Chicago, IL).
Descriptive statistics, Chi-square analyses and independent sample t-tests were used to
characterize the samples and test for differences between those patients with cognitive
impairment and those patients who were cognitively intact. Chi-Square analyses were also
used to test for differences between the prescription of evidence-based medication (yes/no)
and cognitive impairment. The demographic variables that varied significantly between the
group of patients with cognitive impairment and those patients who were cognitively intact
and all five HF medications (i.e. BBs, ACEs, ARBs, aldosterone inhibitors, and diuretics)
were placed in a binary logistic regression with forced entry of all of the variables in a single
step was used to explore the contribution of various sociodemographic and each the five HF
medications to cognitive impairment with 2-sided significance set at 0.05.

Patient characteristics and prescription of evidence-based HF medication

Six hundred and twelve HF patients completed baseline data collection and Mini-Cog
assessments. Forty-nine percent of patients were diagnosed with heart failure with reduced
ejection fraction (HFrEF). The patients had a mean age of 66 years old (SD 13 years), 58%
were male and 89% were Caucasian. Forty-nine percent of the sample had completed high
school, while only 17% had not. Complete demographic data are presented in Table 1.

Differences in age, gender, education, and LVEF among individuals who received
medication prescriptions for the evidence-based medications studied and those who did not
receive medication prescriptions were assessed by Chi-square analyses and independent
sample t-tests. Individuals who were prescribed diuretics were older (66 years old vs. 65
years old, p=0.025). More males received prescriptions for BBs and ACE inhibitors
compared to females (85% vs. 73%, p=0.001 and 59% vs. 51%, p=0.027, respectively).
Individuals who received aldosterone inhibitor prescriptions were more likely to be male
and to have a low LVEF than individuals who did not receive aldosterone inhibitors (27%
vs. 19%, p=0.032 and 35% vs. 41%, p=0.041, respectively). There were no differences in
gender, education, or LVEF between individuals who received prescriptions for ARBs
compared to those who did not. Finally, there were no group differences in LVEF based on
cognitive status.

Guideline-based medication usage and cognitive impairment

Cognitive impairment was identified in 34% of the sample. The cognitively impaired group
was older, less likely to have completed high school, and had more comorbid illnesses.
Other HF disease characteristics did not differ significantly between groups.
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Logistic regression modeling was conducted to examine the association between cognitive
impairment and common HF medications. After adjusting for age, education and Charlson
Comorbidity Index scores, none of the five commonly prescribed HF medications predicted
cognitive impairment (Table 2). Diuretics and BBs were the most frequently prescribed
medications, 84% and 80%, of the sample, respectively. ACE inhibitors or ARBSs were
prescribed to 75% of patients in the sample. Alternatively, aldosterone inhibitors (23%)
were prescribed less frequently. Cognitively impaired patients were more likely to have
ARBs prescribed and less likely to have BBs and diuretics prescribed than those patients
who were cognitively intact (Table 3). Prescription of evidence-based medications (i.e.,
BBs, ACE inhibitors, ARBs, diuretics, or aldosterone inhibitors) was not significantly
related to cognitive impairment in this sample (Table 4). With the exception of the
aldosterone inhibitors (p=0.019), the dose of medication did not differ significantly between
the groups (p values range = 0.187 to 0.752).

Discussion

The results of this study demonstrate that prescription of evidence-based HF medication -
specifically BBs, ACE-inhibitors, ARBs, aldosterone inhibitors, and diuretics is not related
to cognitive impairment in a large sample of rural community dwelling HF patients (n=612).
We found that approximately one-third of the patients met the criteria for cognitive
impairment. However, contrary to our expectations, the prescription of evidence-based HF
medication was not related to the presence of cognitive impairment. Further, among those
patients classified as cognitively impaired, the dose of evidence-based HF medication was
not significantly associated with cognitive impairment. Finally, our findings are the first to
suggest that presence of cognitive impairment is not related to prescription of evidence-
based HF medications regardless of HF classification (i.e. heart failure with preserved
(HFpEF) versus reduced ejection fraction (HFrEF)).

Findings related to the relationship between ACEs and cognition are equivocal. Our findings
extend the work of Hoth et al. (2008) who documented that 31 community-dwelling patients
with HF who were taking ACEs did not perform differently than patients not taking ACEs.
However, patients taking ACEs performed significantly worse on a measure of attention
than patients not taking ACEs*3.

Our study contradicts the findings of Zuccala et al. (2005). They studied over 1,200
hospitalized patients with HF. They found that patients who were started on ACE-inhibitors
experienced improved scores on measures of global cognitive function during their hospital
stay. Further, they found that higher doses and longer duration of ACE-inhibitors were
associated with greater improvement of cognition across hospitalization. The significant
association between higher doses of ACE-inhibitors and improved global cognition
remained even after controlling for multiple confounders in linear regression models**. Our
findings suggest that if initiating ACE-inhibitor therapy leads to improved cognitive
function, these improvements dissipate over time. A study by Sink et al. (2012) supports our
hypothesis. They analyzed data from the Cardiovascular Health Study (CHS) and reported
that individuals exposed to ACEs that did not cross the blood-brain barrier were at a 20%
greater risk of dementia than individuals who used other anti-hypertension medications3.
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Because our study was cross sectional in design it was not possible to explore the effects of
ACEs over time, therefore prospective studies are needed to validate our findings.

Athilingam et al. (2012) also explored the effects of ACEs using a sample of community
dwelling adults with HF. The authors noted that ACEs and dose of ACEs were associated
with significantly higher cognitive scores using the Montreal Cognitive Assessment
(MoCA\) tool?®. Our findings suggest that ACEs, regardless of dose were not associated with
cognition. Reasons for this discrepancy may be related to sample size differences
(Athilingam et al. n=90) and sample cognitive status. Mean cognitive scores for both groups
(ACE-inhibitors vs. No ACE-inhibitors) in the Athilingam study were considered impaired
(i.e. Montreal Cognitive Assessment score <26) whereas two-thirds of participants in our
study were cognitively intact. More studies are needed to clarify the relationship between
evidence-based medications and cognition in this population.

Age, education, and Charlson Comorbidity Index scores were significant predictors of
cognitive impairment in our sample. It is widely accepted in neuropsychological literature
that age and education affect measures of cognition. However, our findings extend the
literature by exploring the effect of comorbid burden on cognition, as measured by the
Charlson Comorbidity Index. The concept of comorbid burden has not been widely reported
in the literature, but bears further exploration because individuals do not suffer from HF in
isolation. Data related to comorbid burden is necessary In order to move forward with
interventions to ameliorate or compensate for cognitive changes in the HF population.
Therefore, findings related to comorbid burden from this study will need to be validated in
future studies.

Decline in global cognition is a common precursor to dementia; therefore, the findings of
our study may have long-term implications related to risk of dementia and Alzheimer’s
disease (AD). Specifically, taking evidence-based HF medications does not lead to
dementia. In a community-based cohort study, Qui et al. (2006) examined the presence of
HF as a risk for dementia and AD and found that the presence of HF was associated with a
significantly higher risk of dementia and AD (OR 1.70, 95% CI 1.24 — 2.34 and OR 1.61,
95% CI 1.11 — 2.34, respectively). However, the use of antihypertensive medication (either
BBs or ACE-inhibitors) was associated with a non-significant decrease in risk of dementia
and AD (OR 1.38, 95% CI 0.99 — 1.94 and OR 1.39, 95% CI 0.93 — 2.07, respectively)*>. A
decreased risk of the incidence or progression of dementia related to BBs and ACE-
inhibitors has also been documented in samples of older adults with
hypertension16.18.19.30.46.47 |t js possible that the use of evidence-based HF medication may
decrease the risk of Mild Cognitive Impairment, dementia and AD. Prospectively designed
studies that examine the use of evidence-based HF medications that utilize a comprehensive
evaluation of Mild Cognitive Impairment and dementia are warranted. Such studies should
include both individuals with HFpEF and HRrEF as the two groups differ in treatment
regimens and cognitive impairment patterns8,

Study Limitations

Several limitations of this study should be considered. First, the observational, cross-
sectional study design does not allow extrapolation of cause and effect. However, it is not
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ethically feasible to carry out a randomized control trial that would withhold evidence-based
HF medications from a control group. Second, we could not ascertain whether patients were
taking their prescribed medications. Third, the sample was composed of rural individuals
and 25% had less than a high school education; therefore the results we report may not apply
to all patients with HF. Fourth, the Mini-Cog was designed as a screening instrument for
dementia; therefore, its sensitivity to mild cognitive changes may be limited. Finally, the
prescription numbers for this sample are low, with only 75% of patients being prescribed
and ACE or ARB and only 80% of patients being prescribed a beta-blocker. These low rates
of medication prescription may account for the negative findings. Nevertheless, in spite
these methodological limitations, the evidence we present in this study supports the
conclusion that there is no relationship between prescription of evidence-based HF
medication and cognitive impairment.

Conclusions

In summary, our study presents evidence in a large sample of community dwelling, rural HF
patients that prescription of evidence-based HF medication is not related to the presence of
cognitive impairment in patients with HFpEF or HFrEF. These findings suggest that the use
of evidence-based HF medications does not contribute to the cognitive decline commonly
found in this population. The results warrant prospective cohort studies designed to
document the incidence and progression of cognitive impairment and dementia over time
among patients with HF.
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What’s New?

e Prescription of evidence-based heart failure medications does not contribute to
cognitive impairment among individuals with heart failure, regardless of LV
dysfunction type (i.e. HFpEF or HFrEF)

e Presence of cognitive impairment is not related to evidence-based heart failure
medication dosage

»  Comorbid burden contributes to cognitive impairment among individuals with
HF
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Table 1

Comparison of Demographic Characteristics Based on Cognitive Status

Characteristic Cognitive impairment ~ Cognitively intact p
(n=207) (n=405
Mean (SD) Mean (SD)
Age (years) 69 (13) 64 (13) <0.001
LVEF (%) 38 (15) 40 (15) 0.155
BNP (pg/ml) 507 (1142) 363 (859) 0.090
Creatinine (mg/dl) 1.23 (0.700) 1.22 (0.563) 0.281
Frequency (%) Frequency (%)
Gender 0.921
* Male 122 (59%) 237 (59%)
« Female 85 (41%) 168 (41%)
Education 0.024
e <HS 52 (25%) 65 (16%)
«HS 94 (45%) 199 (49%)
«>HS 61 (30%) 141 (35%)
NYHA 0.054
.l 12 (6%) 52 (13%)
.l 116 (56%) 216 (53%)
e 11l 69 (33%) 121 (30%)
2\ 10 (5%) 15 (4%)
Charlson Comorbidity Index Score 0.003
e1-2 56 (27%) 164 (41%)
«3-4 101 (49%) 151 (37%)
o5+ 50 (24%) 90 (22%)
Cause of HF 0.663
« Ischemic 107 (52%) 183 (45%)
* Hypertension 47 (23%) 101 (25%)
« Cardiomyopathy 37 (18%) 74 (18%)
« Idiopathic 7 (3%) 18 (4%)
« Other 9 (4%) 27 (8%)

LVEF=left ventricular ejection fraction; BNP=brain natriuretic peptide; HS=high school; NYHA=New York Heart Association
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Predictors of Cognitive Impairment among Rural HF Patients (n=611)

Table 2

Variable B SE p OR 95% ClI

Age 0.032 0.007 0.000 1.033 1.018,1.048
Education -0.271 0.124 0.029 0.762 0.598,0.973
Charlson Comorbidity Index 0.260 0.118 0.027 1.297 1.030, 1.633
BB 0.242 0229 0.290 1.274 0.814,1.99%
ACE Inhibitor 0.194 0.211 0.359 1.214 0.803,1.835
ARB 0.187 0.255 0.464 1206 0.731,1.989
Diuretic -0.045 0.246 0.854 0.956 0.591, 1.547
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Table 3

Comparison of Evidence-Based Medication Prescription Rates

Medication Total Sample  Cognitive Impairment  Cognitively Intact
n=611 n=206 n=405

BB 489 (80%) 38 (18%) 321 (79%)

ACE inhibitor 341 (56%) 92 (45%) 227 (56%)

ARB 116 (19%) 165 (80%) 75 (19%)

Diuretic 515 (84%) 31 (15%) 340 (84%)

Aldosterone Inhibitor 143 (23%) 53 (26%) 90 (22%)
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Comparison of Cognitive Impairment and Medication Prescription Rates (n=206)

Table 4

2

Medication Medication prescribed  Medication not prescribed p

(n) ()
BB 38 168 0.450 0.502
ACE Inhibitor 92 114 0.070 0.791
ARB 165 41 0.170 0.680
Diuretic 31 175 0.103 0.748
Aldosterone Inhibitor 53 153 0.905 0.341
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