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Abstract

Background—Heart failure (HF) and obesity are associated with cognitive impairment.
However, few studies have investigated the relationship between adiposity and cognitive
functioning in HF for each sex, despite observed sex differences in HF prognosis. We tested the
hypothesis that greater body mass index (BMI) would be associated with poorer cognitive
functioning, especially in men, in sex-stratified analyses.

Methods and Results—Participants were 231 HF patients (34% female, 24% nonwhite, overall
age 68.7 £ 7.3 years). Height and weight were used to compute BMI. A neuropsychology battery
tested global cognitive function, memory, attention, and executive function. Composites were
created using averages of age-adjusted scaled scores. Regressions adjusting for demographic and
medical factors were conducted. The sample was predominantly overweight/obese (76.2%). For
men, greater BMI predicted poorer attention (AR? = 0.03; p = -0.18; P = .01) and executive
function (AR2 = 0.02; p = —0.13; P = .04); these effects were largely driven by men with severe
obesity (BMI 240 kg/m?). BMI did not predict memory (P = .69) or global cognitive functioning
(P =.08). In women, greater BMI was not associated with any cognitive variable (all P = .09).

Discussion—Higher BMI was associated with poorer attention and executive function in male
HF patients, especially those with severe obesity. These patients may therefore have more
difficulties with the HF treatment regimen and may have poorer outcomes.
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Heart failure (HF) affects an estimated 5.1 million individuals in the United States.!
Approximately 50% of these HF patients die within = years of diagnosis,! with men having
poorer prognosis than women.2:3 Most HF patients can expect to have decreased quality of
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life* and reduced functioning in their activities of daily living.® In addition to these medical
consequences, patients with HF are at increased risk for poor neurocognitive outcomes,
including development of Alzheimer disease and other dementias.® Less severe impairments
in cognitive function are also found in up to 80% of HF patients with deficits observed
across multiple cognitive domains, including attention, executive function, and memory.’:8

Another widespread disabling disease,19 obesity is prevalent in HF, with >40% of HF
patients defined as obese (body mass index [BMI] 230 kg/m?).11 Similarly, obese
individuals are 2 times more likely than their normal-weight peers to have HF.12 These high
rates of comorbidity—combined with evidence that obesity predicts cognitive impairment in
individuals without HF13-16_have encouraged researchers to explore how obesity and HF
may act together to affect cognitive function.

One recent review!’ posits that obesity likely contributes to the cognitive impairments
observed in HF via several potential mechanisms, including increased vascular dysfunction,
elevated adipokines, and inflammation. Unfortunately, few empirical studies have directly
investigated the relationship between obesity indicators and cognitive functioning in HF
populations. Of the available evidence, higher BMI has been found to predict poorer
processing speed in patients with HF,18 as well as reduced attention/executive functioning
and language.® These findings may appear to contradict those in which overweight/obese
persons with HF have been found to have lower risk for adverse outcomes than normal-
weight individuals (ie, the “obesity paradox”).3 However, some authors speculate that these
paradoxic findings are a statistical artifact resulting from the inadequacy of BMlI as a
measure of adiposity in older adults and/or HF patients as well as the failure of studies to
include severely obese individuals owing to their elevated rate of premature mortality.20.21
Together, these findings suggest that the relationship between cognition and BMI is
complex, especially with increasing age. However, the possibilities that obesity may confer
unique risk for cognitive impairment in patients with HF and that obese patients may have
even greater cognitive deficits than normal-weight patients should be fully explored.

A limitation of the extant obesity-HF-cognition literature is that sex-stratified analyses have
not been conducted. Such analyses are important because male HF patients have poorer
prognosis?3 and differ from female HF patients in a number of prognostic factors that are
potential confounders of the BMI—cognitive functioning relationship, such as age, ischemic
vs nonischemic HF etiology, left ventricular function, and rate of atrial fibrillation.22
Therefore, we conducted sex-stratified analyses to determine whether BMI predicts
cognitive functioning in HF patients by examining multiple cognitive domains, including
attention, executive functioning, memory, and global cognitive functioning. Based on the
literature, we hypothesized that greater BMI would be associated with poorer cognitive
functioning and that men may have greater cognitive deficits than women, owing to higher
rates of poor prognostic indicators in men.

The sample was 235 persons with HF enrolled in the larger ongoing Heart Failure
Adherence, Behavior, and Cognition Study (Heart ABC).23 Study eligibility requirements
were as follows: 1) age 50-85 years at enrollment; 2) documented systolic HF diagnosis
within 36 months of study enrollment; 3) New York Heart Association (NYHA) functional
class Il or 111 of =23 months duration; 4) no cardiac surgery within past 3 months; 5) no
history of neurologic disorder or injury (eg, Alzheimer disease, dementia, stroke, seizures);
6) no history of moderate or severe head injury; 7) no history of psychotic disorders, bipolar
disorder, learning disorder, developmental disability, renal failure requiring dialysis, or
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untreated sleep apnea; 8) no substance abuse within the past 5 years; and 9) no current use of
home tele-health monitoring program for HF. For the present study, 4 underweight
participants (BMI < 18.5 kg/m?) were also excluded, owing to the link between malnutrition
and cognitive impairment.24 Thus, the final sample was 231 participants (see Table 1 for
characteristics).

Body Mass Index—Participants’ BMI was calculated as kg/m? using weight and height.
For the Heart ABC study, all patients were given an electronic scale to use for home
weighing. For the purpose of the present study, baseline weights were obtained from the
electronic scale at visit 3. Patients” most recent heights were self-reported at visit 3 or
obtained from the medical record. For the present study, we used both continuous BMI as
well as the BMI categories endorsed by the World Health Organization,2® including normal
weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), obese class | (30.0-34.9 kg/m?),
obese class 11 (35.0-39.9 kg/m?2), and obese class 111 (=40 kg/m?).

Cognitive Functioning—Cognitive functioning across multiple domains was measured
employing commonly used neuropsychologic tests with strong psychometric properties. The
4 cognitive domains were as follows:

1. Attention: The ability to attend to and process information was measured with the Trail
Making Test A,26 Stoop Word and Color subtests,2” and Letter-Number Sequencing
(LNS).28

2. Executive Function: The ability to reason, plan, problem solve, and inhibit was assessed
with the Trail Making Test B26 and Stroop Color Word subtest.2’

3. Memory: The ability to retain and recall verbal and visuospatial information was
measured with the use of the Rey Auditory Verbal Learning Test Long Delay score?® and
Rey Complex Figure Long Delay score.30

4. Global Cognitive Function: A broad assessment of general cognitive function was
assessed with the use of the Modified Mini Mental State Examination.3!

Age-adjusted scaled scores were calculated for each neuropsychology test in each domain.
Scaled scores are standardized scores ranging from 1 to 19 with a mean of 10 and SD of 3.
Scores of 7-13 represent average performance, whereas lower scores represent borderline
(5-6), mild (4), moderate (3), and severe (<2) cognitive impairment. The relevant tests were
then averaged to create a composite score for the domains of attention, executive function,
and memory. Global cognitive function was measured by a single test, so no composite was
created. The composite scores and the global cognitive function score were used as the
outcome variables in separate regressions.

Covariates—The following variables were included as covariates and potential
confounders of any observed relationship between BMI and cognitive impairment: race (0 =
white; 1 = nonwhite), education (1 = no schooling; 2 = <8th grade; 3 = 9th-11th grade; 4 =
high school; 5 = technical or trade school; 6 = some college; 7 = bachelor’s degree; 8 =
master’s degree), estimated 1Q,32 socioeconomic status (SES), Charlson comorbidity index
score,33 heart failure severity (as estimated by the 4 functional class levels of the NYHA,34
and depressive symptoms as measured by the Patient Health Questionnaire-9 (PHQ-9).3°
The North American Adult Reading Test (NAART)32 was used to estimate participants’

1Qs, with higher scores indicating higher 1Q. SES was estimated with the use of subjects’ zip
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codes via a method similar to that described by Roux et al.3¢ Z-scores were calculated for
the SES scores with the use of indicators of income and education for each zip code. Higher
scores indicate higher SES. The Charlson comorbidity index is a summary score of several
medical conditions, including diabetes, peripheral vascular disease, myocardial infarction,
etc.33 Medical diagnoses are assigned points, with more severe conditions receiving higher
points; thus, higher Charlson scores indicate a higher number and greater severity of medical
comorbidities. The NYHA HF severity levels34 include the following: class | (mild), class 11
(mild), class Il (moderate), and class 1V (severe). The PHQ-9 assesses depressive symptom
severity, with higher scores indicating greater severity.

The Heart ABC study is an ongoing observational study conducted at 2 separate health care
systems in northeastern Ohio. Patients with documented diagnoses of systolic HF were
recruited from the cardiac inpatient units and outpatient practices. Each of the patients gave
written informed consent to participate in the study. The Institutional Review Boards of
Kent State University, Summa Health Systems, and Case Western Reserve University
approved all study procedures. After recruitment and consent, a research assistant conducted
a series of self-report questionnaires and neuropsychologic testing (visit 1) either at the
medical center or at the patient’s home. The research assistant also arranged visits 2 and 3
within the next 2 weeks to drop off materials at the patient’s home for the larger study.
Visits 1-3 are considered to be the baseline period for this study and occurred within 2—4
weeks of study enrollment.

Statistical Analyses

Results

Independent t tests and chi-square analyses were used to assess differences between men and
women and between obese and non-obese patients in the study variables. To examine the
associations of BMI and cognitive function, 4 sets of multiple linear regression analyses
were performed for men and women separately. Each primary analysis was conducted with
the age-adjusted global cognitive function score or the attention, executive function, or
memory composite score as the criterion variable. The effects of BMI on cognitive function
were examined by entering estimated 1Q, education, SES, race, medical comorbidities, and
HF severity level in step 1 and BMI in step 2. Given the potential influence of depression on
cognition among patients with HF,37 we entered PHQ-9 scores in step 3 to determine
whether depressive symptoms eliminated or reduced the relationship between BMI and
cognitive function. Of note, age was not included as a covariate, given that the cognitive
domain variables were created with the use of test scores that already corrected for age using
normative data. If continuous BMI was related to a cognitive variable in the regression
model, an analysis of covariance (ANCOVA) was run to compare the variable across the
BMI categories, adjusting for the same covariates as the regression models. All analyses
were conducted with the use of IBM SPSS version 20.0 statistical software.

Demographic and Medical Differences Between HF Patients Across Sex and/or Obesity

Status

As presented in Table 1, the majority of the sample was overweight (28.6%) or obese
(47.6%), with no sex differences across the BMI categories: x2 (4; n = 231) = 4.16; P = .383.
Obese male HF patients did not differ from nonobese men in age (t(151) = 0.34; P =.735),
SES (t(147) = -0.27; P =.789), estimated 1Q (t(151) = 0.38; P = .703), Charlson score
(t(151) = 0.12; P = .892), NYHA functional classification (32 (3; n = 153) = 5.15; P = .161),
or PHQ-9 scores (t(151) = 0.67; P = .51). Obese female patients were younger than their
nonobese peers (t(76) = 4.28; P <.001), but did not differ in SES (t(75) = 1.31; P =.194),
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estimated 1Q (t(76) = 0.87; P = .387), Charlson score (t(76) = —.42; P = .676), NYHA
functional classification (x2 (3; n = 78) = 3.23; P = .358), or PHQ-9 scores ((76) = -.49; P
=.63. Of note, obese females were also younger than obese males, t(107) = 3.44; P = .001.

Compared with the total sample of men, women had significantly lower SES (t(224) = 2.86;
P =.005) and education (32 (6; n = 231) = 25.25; P < .001) and were more likely to be
nonwhite (2 (1; n = 231) = 22.38; P <.001). Women had higher PHQ-9 scores: t(229) =
2.31; P =.02. They also had higher verbal memory scores (t(229) = -3.89; P < .001) and
lower visuospatial memory scores (t(229) = 3.10; P < .001) than men.

BMI and Cognitive Functioning in Men

In the total sample of men, cognitive performance across the domains was in the average
range (Table 1). Regression results in this group revealed that higher BMI predicted poorer
attention (§ = -0.18; P =.009) and executive function (§ = —0.13; P =.043), but not memory
(B =-0.03; P =.687) or global cognitive functioning (f = 0.12; P =.080; Table 2). In men,
BMI accounted for 3% of the variance in attention beyond estimated 1Q, education, SES,
race, medical comorbidities, and HF severity level. The addition of PHQ-9 scores to the
model did not eliminate the effect of BMI on attention, as the association remained
significant and of similar magnitude (3 = -0.17; P =.016; Table 2, Step 3). Similarly, BMI
accounted for 2% of the variance in executive functioning after adjusting for the covariates.
Adding the PHQ-9 to the model reduced the significance of the effect to a trend but the
magnitude of the effect remained relatively unchanged (§ = -0.12; P = .067; Table 2, Step
3).

Given that BMI was negatively associated with attention and executive function in men, an
ANCOVA was conducted to determine whether attention (Fig. 1) and executive function
(Fig. 2) differed across BMI categories. The ANCOVA omnibus test adjusted for the same
covariates as the regression models and was significant for attention (F(4,138) =3.37; P =.
012; 2 = 0.09) but not for executive function (F(4,138) = 1.39; P = .240; 2 = 0.04).
Pairwise comparisons indicated that for men with BMI =40 kg/m? (obese class I11), average
attention scores (mean 6.13, SD 1.65) were significantly lower than for all other BMI groups
(means 8.07-8.94, SDs 1.93-2.48; P <.027) and were in the borderline impaired range. On
average, these patients’ attention scores were nearly 1 SD below their normal-weight peers’
scores. The attention scores of the other BMI categories did not differ from one another (P
> .23). For executive function, the only significant difference was between overweight
(mean 9.00, SD 2.52) and obese class I11 patients (mean 6.40, SD 2.38), such that obese
class 111 patient had lower scores (P = .036); the other BMI categories did not differ from
one another in executive function (means 7.82-8.72, SDs 2.52-3.25); however, male
patients with BMI =40 kg/m? had executive function scores that were w20% lower than
those with normal weight and fell into the borderline impaired range.

BMI and Cognitive Function in Women

In women, greater BMI was not associated with any cognitive variables (all P =.09) (See
Table 3). Specifically, BMI was not associated with attention ( = —0.05; P = .604),
executive functioning (§ = 0.15; P =.092), memory ( = 0.09; P = .365), or global cognitive
functioning (p = —-0.08; P = .358). Addition of the PHQ-9 to the models did not change the
pattern of results (Table 3).

Discussion

The objective of the present study was to examine whether BMI predicts cognitive
functioning in HF patients.
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To better define the relationship between adiposity and cognitive function and to explore the
potential influence of gender on this relationship, we conducted sex-stratified analyses.
Higher BMI was associated with poorer attention and executive function in men, even after
accounting for demographic and medical variables and depressive symptoms. This effect
was largely driven by men with severe obesity (BMI 240 kg/m?). Although the curves of
Figures 1 and 2 may visually suggest slightly better cognitive performance in overweight
versus normal-weight men, the scores in these groups were not statistically different and
consequently do not support an “obesity paradox” pattern. BMI was not associated with any
cognitive variables in women. Several aspects of these findings warrant discussion.

Our results are consistent with recent investigations that have implicated excess adiposity as
a contributor to cognitive impairment in HF populations.18:12 Similarly to our findings,
Alosco et all® found that elevated BMI was associated with poorer performance on tests of
attention/executive function, but not of memory. Riegel et al'8 also demonstrated that higher
BMI predicted poor cognitive function (ie, below-average processing speeds) in a group of
HF patients. Because those studies did not report sex-stratified analyses, it is unknown
whether sex differences in the BMI—cognitive function relationship existed. Addressing
this omission in the literature is important, given earlier evidence that male HF patients have
poorer prognosis 23 and differ from female HF patients in a number of demographic and
medical variables.?2 For example, male HF patients typically are older, are more likely to
have ischemic HF etiology, have poorer left ventricular function, and have higher rates of
atrial fibrillation than women with HF,22 all factors which have been associated with greater
adiposity38-41 and poorer cognition.#2-4> Sex differences in these prognostic factors may
not only explain why males have poorer HF survival outcomes,?? they may also explain why
BMI was unrelated to cognitive function in our sample female HF patients. Future studies
are needed to clarify whether gender differences also exist in long-term neurologic outcomes
in this population, including Alzheimer disease and stroke.

Although we could not examine ischemic versus nonischemic HF etiology, left ventricular
function, or rates of atrial fibrillation, because these variables were not assessed in Heart
ABC, we did explore potential age differences across obesity status and sex. We found that,
although nonobese men and women in our sample did not significantly differ in age, obese
women were, on average, 5.7 years younger than obese males and 8.2 years younger than
nonobese females. The significantly younger age of obese females may have mitigated, to
some degree, any cognitive deficits associated with a higher BMI in this group. Future
studies should conduct sex-stratified analyses to assess this possibility as well as to explore
the role that ischemic heart disease and atrial fibrillation may play in the relationship
between BMI and cognitive function in male and female HF patients.

Several mechanisms might explain why greater BMI predicts poorer attention and executive
function in male HF patients. One potential reason is that greater BMI is associated with
elevated risk for vascular diseases (eg, diabetes and hypertension)*6:47 and vascular
dysfunction (eg, hypoperfusion and endothelial dysfunction),1948 which in turn confer
greater risk for cognitive impairment.#%-5! Reduced vascular functioning ultimately results
in cognitive deficits through structural and functional damage to the brain, including tissue
atrophy, white matter hyperintensities, and reduced neuroactivation.>2-55 Of note, obesity’s
effect on cognitive function in the present sample was detected after adjusting for medical
comorbidities, suggesting that BMI confers unique risk for cognitive impairment beyond
that of other diseases such as diabetes and peripheral vascular disease. The effect of BMI on
tests of attention and executive function (but not memory) is also consistent with the
vascular cognitive impairment literature which indicates that these cognitive domains are
often more impaired by vascular dysfunction and disease than are memory or language
domains.56:57
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Other physiologic mechanisms of the BMI—cognitive function relationship include elevated
circulating adipokines (eg, leptin)®® and systemic inflammation,>® both of which are linked
to poorer neurocognitive outcomes.50:61 Behavioral mechanisms may also be implicated,
because individuals with elevated BMI are typically more sedentary than their normal-
weight peers.52 Given the strong association between physical activity and cognitive
function,%3:64 higher BMI may reflect patients with reduced physical fitness. Prospective
studies are needed which assess these potential mechanisms of the BMI—cognitive function
relationship in patients with HF.

Study Limitations

The present findings are limited in several ways. First, the cross-sectional nature of the study
precludes the opportunity to determine the directionality of the BMI—cognitive function
relationship. Therefore, we do not know whether excess adiposity was a predictor or
consequence of cognitive deficits, as studies have shown that poorer cognitive abilities
earlier in life also predict higher risk of becoming obese.?® Second, the use of BMI as a
measure of adiposity is not optimal, because BMI can not distinguish between changes in fat
mass and other factors causing weight changes in an HF population (eg, water retention,
sarcopenia). Future studies with the use of more precise measures of adiposity would clarify
the possible mechanisms linking obesity and cognitive impairment in persons with HF.
Third, although we speculate that ischemic versus nonischemic HF etiology, left ventricular
function, and/or rates of atrial fibrillation are factors that could explain the potential sex
differences in our study, these variables were not collected in the Heart ABC study. Future
studies should assess these and other potential variables (eg, medication dosing and
duration, documented hypertension diagnosis) that may be associated with BMI and/or
cognitive function. Finally, although earlier work indicates that deficits in attention and
executive function are related to functional impairment,%6:67 future studies should directly
examine whether obesity-related cognitive deficits are associated with impaired decision
making or self-care abilities.

Conclusion

The current findings reveal that elevated BMI is associated with poorer attention and
executive functioning in male HF patients, especially those with BMI 240 kg/m2. BMI was
not associated with cognitive functioning among women. These findings highlight the
importance of conducting sex-stratified analyses and exploring demographic and medical
moderators of the BMI—cognitive function relationship. Regarding clinical implications, it
is possible that obese male HF patients have more difficulty adhering to the complex HF
treatment regimen and ultimately experience poorer clinical outcomes, given the association
between mental abilities and daily function.66:87 Future studies are needed to clarify this
possibility and to determine whether tailored interventions are needed to promote optimal
adherence in this group.
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Characteristics of Participants

Table 1

Total Sample(n=231) Men(n=153) Women (n=78)
Demographic factors
Age 68.7+9.4 69.3+9.4 67.5+9.3
Female gender 78 (33.8) — —
Nonwhite race/ethnicity 121 (23.8) 23 (15.0) 32 (41_0)*
Education Level
8th Grade or Less 2(.9 2(1.3) 0(0.0)
9th-11th Grade 17 (7.4) 6(3.9) 11 (14.0)"
High school 64 (27.7) 40 (26.1) 24 (30.8)
Technical or trade school 25(10.8) 15 (9.8) 10 (12.8)
Some college 66 (28.6) 39 (25.5) 27 (34.6)
Bachelor’s degree 32 (13.9) 27 (17.6) 5 (6.4)*
Master’s degree 25 (10.8) 24 (15.7) 1 (1_3)*
SES z-score 032+4.4 91+44 —81+41"
Medical and psychologic factors
Charlson comorbidity score? 332+19 3419 31x14
NYHA functional class
1 28 (12.1) 23 (15.0) 5 (6.4)
1l 53 (22.9) 36 (23.5) 17 (21.8)
11 140 (60.6) 87 (56.9) 53 (67.9)
v 10 (4.3) 7(4.6) 3(3.8)
Patient Health Questionnaire-9 46+£5.1 41+49 5.7 +54"
BMI categoryb
Normal weight (BMI 18.5-24.9 kg/m?) 56 (24.2) 35 (22.9) 21(26.9)
Overweight (BMI 25.0-29.9 kg/m?) 66 (28.6) 47 (30.7) 19 (24.4)
Obese class | (BMI 30-34.9 kg/m?) 61 (26.4) 44 (28.8) 17 (21.8)
Obese class I (BMI 35-39.9 kg/m?) 30 (13.0) 17 (11.1) 13 (16.7)
Obese class |11 (BMI 240.0 kg/m?) 18 (7.8) 10 (6.5) 8(10.3)
BMI (kg/m2) 30.3+6.7 30264 306+7.0
Cognitive factors
Global cognitive function 92.3+64 92.1+6.5 92.6+6.4
Estimated 1Q from NAART 1109 +10.5 111.8+10.0 109.3+11.2
Attention Composite Score 85+23 85+22 86+24
Trails A scaled score 8.0+3.1 8.0+3.0 79+32
Stroop Color scaled score 81+29 85+28 9.0+29
Stroop Word scaled score 87+28 8028 83+3.0
Letter-Number Sequencing scaled score 95+3.1 9.6+3.0 9.2+31
Executive function composite score 8.4+3.0 85+29 81+3.1
Trails B scaled score 79+36 8.0+35 7.7+38
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Total Sample(n=231) Men (n=153) Women (n=78)

Stroop Color-Word scaled score 88+3.1 9.0+3.0 8.6+3.3
Memory composite score 84+20 83+21 85+20

RAVLT Long Delay scaled score 9.4+27 89+26 103+28"

Complex Figure Long Delay scaled score 74£25 78+25 6.7+22"

Continuous variables represented as mean + SD, categoric variables as n (%). SES, socioeconomic status; NYHA, New York Heart Association;
BMI, body mass index; NAART, North American Adult Reading Test; RAVLT, Rey Auditory Verbal Learning Test.

aPercentage of participants who reported having diabetes (45%), myocardial infarction (52%), peripheral vascular disease (13%).
bUnderweight participants (n = 4) were excluded from analyses.

*
P < .05 for independent t test or chi-square test comparing men and women.
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