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A B S T R A C T

Background: The magnitude of cognitive change before and after incident heart failure (HF) is unclear. We 
investigated whether incident HF is associated with changes in cognitive function at the time of diagnosis and 
accelerated trajectory in cognitive decline in the subsequent years.
Methods: We used data from the Health and Retirement Study, a nationally representative survey of US adults 
aged 50 years or older. Participants underwent a cognitive assessment at baseline (wave 5, 2000), and at least 1 
other time point (from wave 6 [2002] to wave 15 [2020]). The outcomes were change in global cognition, 
memory, and executive function. Outcomes were standardized into Z-scores, with higher scores indicating better 
cognitive performance. Linear mixed-effects models estimated changes in cognition at the time of HF (change in 
the intercept) and the rate of cognitive change over the years after HF (change in the slope), after adjusting for 
pre-HF cognitive trajectories and potential confounders.
Results: We included 12 850 adults (mean [SD] age, 66.1 [9.4] years; 61.8 % women). Over a median follow-up 
of 16 years (interquartile range: 8 to 20 years), 1457 participants had incident HF. The annual rate of cognitive 
decline before HF diagnosis among individuals with incident HF was similar to that of participants who remained 
HF-free throughout follow-up. However, incident HF was associated with subsequent decreases in global 
cognition (− 0.073 SD [95 % CI − 0.109 to − 0.038]), memory (− 0.070 SD [95 % CI − 0.108 to − 0.032]), and 
executive function (− 0.054 SD [95 % CI − 0.092 to − 0.016]) around the time of the HF diagnosis. Moreover, 
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individuals with incident HF vs those without HF demonstrated faster and long-term declines in global cognition 
(− 0.011 SD/year [95 % CI − 0.018 to − 0.004]) and executive function (− 0.008 SD/year [95 % CI − 0.015 to 
− 0.001]), but not in memory (− 0.006 SD/year [95 % CI − 0.013 to 0.001]) over the years after HF compared 
with pre-HF slopes.
Conclusions: Incident HF was associated with subsequent decreases in cognitive function at the time of diagnosis 
and accelerated cognitive decline over the following years.

1. Introduction

The global burden of heart failure (HF) has increased dramatically in 
the past several decades, with 56.5 million people worldwide affected in 
2021 [1–3]. The rising prevalence of HF can be attributed to both 
increasing population prevalence in certain cardiovascular risk factors, 
improved treatment and survival of coronary artery disease, and an 
overall aging population. A meta-analysis encompassing >300 000 
participants revealed that >40 % of HF patients exhibited cognitive 
impairment [4]. Moreover, several population-based prospective studies 
showed that HF was associated with cognitive decline [5–8]. However, 
the magnitude of subsequent changes in cognition around the time of 
initial HF diagnosis as well as long-term post-diagnostic cognitive tra
jectory after controlling for the individual’s pre-HF cognitive trajectory 
have not been well described in the existing literature [5–8]. Few studies 
had examined both the subsequent change in cognitive function at the 
time of the HF and the rate of cognitive decline over the years after HF 
simultaneously [9,10]. This association, however, yielded mixed results 
across different cognitive domains. It is also unclear whether the asso
ciation of incident HF with cognitive decline varied by sex, similar to 
what a previous study has shown for myocardial infarction [11].

Because cognitive function generally declines with aging, even in 
healthy elderly individuals, it is critical to measure pre-HF cognitive 
decline to accurately interpret the influence of HF on post-HF cognitive 
trajectories [12]. Therefore, we used longitudinal data from a large 
population-based cohort with multiple repeated cognitive assessment 
spanning 20 years to evaluate the trajectory of cognitive decline before 
and after incident HF. We hypothesized that HF is associated with 
subsequent decreases in cognitive function at the time of the event and 
faster cognitive decline during the years following the event.

2. Methods

2.1. Study population

The Health and Retirement Study (HRS) is a nationally representa
tive, longitudinal cohort study of US community-dwelling adults aged 
≥50 years [13]. Participants in the HRS have been interviewed bienni
ally about their cognition, health conditions, and health behaviors until 
death or dropout since 1992 [14]. The HRS was approved by the Uni
versity of Michigan Institutional Review Board (IRB Protocol: 
HUM00061128), and all participants gave written informed consent. 
The Strengthening the Reporting of Observational Studies in Epidemi
ology (STROBE) reporting guideline for cohort studies was followed in 
the present study.

In the present study, we combined the 20-year HRS data from waves 
5 (2000) to 15 (2020). The flowchart of participant selection is pre
sented in Supplemental Figure 1. The baseline survey (wave 5) 
recruited 19 578 participants, of which 5595 individuals were excluded 
from the current study for the following reasons: age <50 years (n =
556), history of heart failure (n = 899), history of stroke (n = 1310), 
history of myocardial infarction (n = 888), had a confirmed diagnosis of 
memory-related disease (i.e., dementia) (n = 389), did not complete all 
the cognitive tests at baseline (n = 1165), or had missing covariate data 
(n = 388). We excluded those with stroke or myocardial infarction at 
baseline since they represent a clinically distinct group with a different 
pathogenesis of cognitive decline [11,15,16]. Furthermore, we also 

excluded participants who had no follow-up cognitive data from waves 6 
to 15 (n = 1133). Therefore, the analytical sample of this study 
comprised 12 850 participants (4904 male and 7946 female) with 
complete baseline data and at least 1 reassessment of cognitive function.

2.2. Assessments of cognition

The primary outcome measure was change in global cognition. 
Secondary outcomes were change in memory and change in executive 
function. Details of cognitive assessments in HRS have been previously 
published [17,18]. Briefly, cognitive function was assessed at each wave 
with the modified Telephone Interview for Cognitive Status, which 
included a battery of 3 cognitive tests. First, memory function was 
measured by testing immediate and delayed recall of 10 unrelated 
words. A composite memory score (0–20 points) was calculated by 
summing the immediate and delayed recall scores. The memory test’s 
validity and consistency are well-documented [19]. Second, executive 
function was evaluated using backward counting (0–2 points) and the 
Serial Sevens test (0–5 points), with a composite score (0–7 points) 
calculated by summing the scores from both tests. Higher scores indicate 
a better cognitive performance.

To allow for direct comparisons to be made across cognitive tests, Z 
score (i.e., mean of 0, SD of 1) for each of the 2 cognitive domains was 
calculated by subtracting the mean and dividing by the SD of cognition 
scores at wave 5. Then, we generated a composite global cognitive Z 
score for each participant by averaging the Z scores of the 2 cognitive 
domains and re-standardizing to wave 5 using the mean and SD of the 
global cognitive Z score at wave 5. A cognitive Z score of − 1 at any given 
wave indicated that the score was 1 SD lower than the mean cognitive 
score at wave 5. This approach to processing cognitive test scores has 
been used and validated in previous studies [15,18].

2.3. Assessment of incident heart failure

In the HRS, the question used to assess incident HF was consistently 
administered, inquiring whether the survey participant had received a 
diagnosis of HF from a medical doctor within the past 2 years or since 
the time of their previous interview, in line with previous study [20,21]. 
The details of HF assessment have been provided in the Supplemental 
Methods. The agreement between self-report of HF and Medicare claims 
for HF diagnosis was 87.7 % (κ=0.34) [21]. We identified self-reported 
physician-diagnosed incident HF after wave 5 from HF diagnosis newly 
reported at waves 6 through 15. The HF diagnosis date was recorded as 
being between the date of the last interview and that of the interview 
reporting an incident HF (i.e., the midpoint between the 2 interviews).

2.4. Covariates

Covariates were factors that could influence HF and cognition and 
were measured at baseline. Demographics included sex (male or fe
male), race and ethnicity (non-Hispanic White, non-Hispanic Black, non- 
Hispanic other, or Hispanic), education (less than high school or GED 
[General Educational Development], high-school graduate, some col
lege, or college and above), and marital status (married/partnered or 
divorced/separate/widowed/single). Behavioral factors included 
smoking status (current, former, or never), alcohol consumption (yes or 
no) and engaging in vigorous physical activity (defined as exercising at 
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least 3 times per week). Biological factors included age in years, and 
body mass index (BMI), calculated as weight in kilograms divided by 
height in meters squared. Other biological factors included self-report of 
a physician diagnosis of diabetes, hypertension, lung disease, and can
cer, with each categorized as a dichotomous variable (yes or no). In 
addition, depressive symptoms were defined a score of 3 or greater on 
the revised 8-item Center for Epidemiologic Studies Depression scale 
[22]. Functional limitation was defined as limitations in any of the five 
activities of daily living (dressing, bathing, eating, getting in/out of bed, 
and walking across a room) [23].

2.5. Statistical analysis

Data were summarized as n ( %) for categorical variables and mean 
(SD) for continuous variables. Characteristics between individuals with 
and without incident HF were compared using a two-sample indepen
dent t-test or a χ2 test as appropriate.

We used linear mixed-effects models with unstructured covariance to 
estimate the association of incident HF with changes in cognitive func
tion. Random effects for intercept and slope were included to accom
modate correlation of cognitive measures within participants over time 
and to allow participant-specific rates of cognitive change. We reported 
the coefficients and 95 % confidence intervals (CIs) derived using 
restricted maximum likelihood estimation. We analyzed each domain of 
cognitive function separately. Models were adjusted for age at baseline, 
sex, race/ethnicity, education, marital status, smoking status, alcohol 
consumption, participation in vigorous physical activity, body mass 
index, hypertension, diabetes, lung disease, cancer, depressive symp
toms, and functional limitation.

To evaluate the pre-HF-diagnosis mean difference in the rate of 
change in cognitive function (SD/year) between participants who did 
and those who did not have an incident HF, Model A included incident 
HF (yes or no), time (years since baseline to incident HF or the end of 
follow-up), time × HF interaction, and covariates [15]. The time × HF 
interaction term was used to examine differential change associated 
with incident HF from baseline to incident HF or the end of follow-up (i. 
e., HF-free controls). To estimate the association of incident HF with 
cognitive function around the time of the HF diagnosis, Model B 
included a time-varying incident HF variable (changed from 0 to 1 on 
the date of incident HF), and time (years since baseline to the end of 
follow-up), and covariates [11,16]. The subsequent change in cognitive 
function around incident HF diagnosis (not observed) was estimated 
based on the fitted model [11,16]. To assess whether incident HF was 
associated with a faster rate of cognitive decline in the years following 
the HF event, Model C included the variables from Model B and added a 
time-after-HF covariate (years since an incident HF; 0 = before or at the 
time of HF) [11,16]. This variable indicates the rate of change in 
cognitive function (slope) after incident HF (i.e., post-HF-diagnosis).

Finally, cognitive trajectories before and after incident HF were 
described graphically. We calculated participant-specific (conditional) 
predicted values for each cognitive score over time for a 70-year-old 
White female with the average values of all covariates at baseline 
(high school education, married/partnered, never smoker, no alcohol 
use, no vigorous physical activity, BMI of 27.2 kg/m2, without history of 
diabetes, hypertension, lung disease, cancer, and depressive symptoms, 
and no functional limitation) conditional on her experiencing or not 
experiencing an incident HF through the follow-up period (i.e., at year 
5).

We conducted several sensitivity analyses to evaluate the robustness 
of our findings. First, to evaluate the modifying effects of sex on the 
association between incident HF and cognitive change, we used Z-test to 
compare the difference between the two regression coefficients from 
subgroup analysis [24]. Second, we restricted analyses of the subsequent 
cognitive change around incident HF diagnosis and post-HF-diagnosis 
cognitive decline to 1457 participants with an incident HF. Third, in 
parallel to the models fit to the entire study sample, we analyzed a subset 

of 9913 participants with at least 5 cognitive assessments. Fourth, to 
better understand the impact on each cognitive test’s original scores, we 
replicated the analyses using the original cognitive scores. Finally, to 
investigate the potential impact of excluding patients with a history of 
myocardial infarction on our findings, we re-analyzed the data including 
the 667 participants with myocardial infarction at baseline, given the 
observed higher incidence of HF in this subgroup.

Data were analyzed from December 2024 to January 2025. Statisti
cal analyses were performed using Stata, version 17.0 (StataCorp). Two- 
sided P < 0.05 were deemed to be statistically significant, unless 
otherwise specified.

3. Results

3.1. Baseline characteristics

A total of 12 850 participants (mean [SD] age, 66.1 [9.4] years) 
without HF, stroke, myocardial infarction, or memory-related disease at 
baseline were included in the analysis. Of these individuals, 77.9 % were 
White, 12.9 % were Black, 7.3 % were Hispanic, 38.2 % were men, and 
61.8 % were women. Characteristics of included and excluded partici
pants are summarized in Supplemental Table 1. During a median 
follow-up of 16 years (interquartile range: 8 to 20 years), 1457 (11.3 %) 
individuals developed incident HF. Table 1 presents baseline charac
teristics of study participants according to incident HF status. The 
participation patterns and sample size of this study population from 
wave 5 to 15 are shown in Supplemental Table 2 to 4. The median 
number of cognitive assessments were 8 (interquartile range: 5 to 11).

3.2. Trajectories of cognitive decline before HF diagnosis

The annual rate of cognitive decline before HF diagnosis in in
dividuals experiencing a HF event was comparable to those in partici
pants who remained HF-free throughout follow-up after multivariable 
adjustment (Table 2).

3.3. Subsequent change in cognition around HF diagnosis

As shown in the Table 3, incident HF was associated with subsequent 
decreases in global cognition (− 0.102 SD; 95 % CI: − 0.132 to − 0.071 
SD), memory (− 0.088 SD; 95 % CI: − 0.120 to − 0.057 SD), and execu
tive function (− 0.076 SD; 95 % CI: − 0.108 to − 0.044 SD) around the HF 
event (Model B). Moreover, the association persisted after adjusting for 
the decline in cognition in the years following the HF event (Model C) 
(Table 3).

3.4. Long-term cognitive decline after HF diagnosis

In the years following HF diagnosis (Model C), global cognitive 
function declined significantly faster than it did before the HF event 
(decrease in slope after incident HF, − 0.011 SD/year; 95 % CI: − 0.018 
to − 0.004; P = 0.002), resulting in a net negative slope after incident HF 
(pre-HF slope: − 0.044 SD/year; post-HF slope: − 0.055 SD/year), after 
adjustment for follow-up time, the subsequent decrease in cognition 
around the time of the HF diagnosis, and baseline covariates (Table 3). 
Likewise, the rates of declines in executive function (− 0.008 SD/year; 
95 % CI: − 0.015 to − 0.001) were accelerated after HF diagnosis. The 
post-HF-diagnosis slope of memory also declined faster than its pre-HF 
diagnosis slope, although this difference did not achieve statistical sig
nificance. Fig. 1 presents the estimated trajectories of cognitive scores 
for an exemplar participant based on estimated parameters of Model C.

3.5. Sensitivity analyses

Stratified analysis by sex was shown in Table 2 (Model A), Supple
mental Table 5 (Model B), and Supplemental Table 6 (Model C). 
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There was no difference by sex in the association between incident HF 
and the subsequent decrease in cognition around the time of the HF 
diagnosis or post-HF slope change in cognition (P for interaction >0.05). 
When we restricted the analyses to the 1457 participants with incident 
HF, individuals with HF experienced an subsequent decrease in global 
cognition after the index HF event (− 0.084 SD; 95 % CI: − 0.122 to 
− 0.046), and demonstrated faster declines over the years after the 

diagnosis of HF (− 0.013 SD/year; 95 % CI: − 0.021 to − 0.005) (Fig. 2
and Supplemental Table 7). Results with a subset of participants who 
completed at least five cognitive assessments (n = 9913) were similar 
(Supplemental Table 8 and 9). Results using the original cognitive 
scores were directionally similar to those based on Z scores (Supple
mental Table 10 and 11). In the analyses that included patients with 
history of myocardial infarction (n = 13 517), the results were consistent 
with our main analyses and the post-HF-diagnosis annual decline in 
memory became significant (− 0.008 SD/year; 95 % CI: − 0.015 to 
− 0.001), after adjusting for baseline covariates and history of myocar
dial infarction (Supplemental Table 12 and 13).

3.6. Nonresponse analyses

Of the 13 983 participants who had complete data at baseline, 1133 
(8.1 %) were excluded from this study because they had no follow-up 
cognitive data. These 1133 participants had poorer cognitive scores 
than those included in this study. Moreover, participants excluded from 
the study exhibited a higher prevalence of comorbidities, such as dia
betes, hypertension, lung disease, depressive symptoms, and functional 
limitations (Supplemental Table 14).

4. Discussion

In this large, nationally representative cohort of individuals ≥50 
years from the US, incident HF was associated with subsequent de
creases in global cognition, memory, and executive function cognition at 
the time of the event, after accounting for individuals’ cognitive tra
jectory before and after the event. Moreover, we found that incident HF 
was associated with accelerated and persistent declines in global 
cognition and executive function over the years after HF diagnosis, in
dependent of established sociodemographic, behavioral, and vascular 

Table 1 
Baseline Characteristics Between Participants Who Did and Did Not Have an 
Incident Heart Failure During Follow-up: Health and Retirement Study (HRS), 
2000–2020.

Total 
(n =
12,850)

Heart Failure, No. ( %)

Characteristic No 
Incident 
(n =
11,393)

Incident 
(n = 1457)

P value

Demographics

Age, mean (SD), y 66.1 (9.4) 65.8 (9.4) 68.1 (9.2) <0.001
Sex ​ ​ ​ 0.230

Male 4904 (38.2) 4327 
(38.0)

577 (39.6) ​

Female 7946 (61.8) 7066 
(62.0)

880 (60.4) ​

Race/ethnicity ​ ​ ​ 0.210
Non-Hispanic White 10,012 

(77.9)
8874 
(77.9)

1138 
(78.1)

​

Non-Hispanic Black 1658 (12.9) 1454 
(12.8)

204 (14.0) ​

Non-Hispanic other* 237 (1.8) 214 (1.9) 23 (1.6) ​
Hispanic 943 (7.3) 851 (7.5) 92 (6.3) ​

Education ​ ​ ​ <0.001
Less than high school or 
GED

3418 (26.6) 2965 
(26.0)

453 (31.1) ​

High-school graduate 4222 (32.9) 3737 
(32.8)

485 (33.3) ​

Some college 2621 (20.4) 2331 
(20.5)

290 (19.9) ​

College and above 2589 (20.1) 2360 
(20.7)

229 (15.7) ​

Married/partnered 8737 (68.0) 7789 
(68.4)

948 (65.1) 0.011

Health covariates ​ ​ ​ ​
Smoking status ​ ​ ​ <0.001

Current 5511 (42.9) 4951 
(43.5)

560 (38.4) ​

Former 5407 (42.1) 4737 
(41.6)

670 (46.0) ​

Never 1932 (15.0) 1705 
(15.0)

227 (15.6) ​

Alcohol consumption 6361 (49.5) 5746 
(50.4)

615 (42.2) <0.001

Vigorous physical activity 6079 (47.3) 5471 
(48.0)

608 (41.7) <0.001

BMI, mean (SD), Kg/m2 27.2 (5.2) 27.0 (5.1) 28.6 (6.0) <0.001
Diabetes 1501 (11.7) 1212 

(10.6)
289 (19.8) <0.001

Hypertension 5384 (41.9) 4583 
(40.2)

801 (55.0) <0.001

Lung disease 659 (5.1) 545 (4.8) 114 (7.8) <0.001
Cancer 1277 (9.9) 1105 (9.7) 172 (11.8) 0.011
Depressive symptoms 2619 (20.4) 2253 

(19.8)
366 (25.1) <0.001

Functional limitation 1397 (10.9) 1160 
(10.2)

237 (16.3) <0.001

Baseline cognitive scores ​ ​ ​ ​
Global cognition, mean 
(SD)

15.8 (4.4) 15.9 (4.4) 15.3 (4.4) <0.001

Memory, mean (SD) 10.3 (3.6) 10.3 (3.6) 9.9 (3.5) <0.001
Executive function, 
mean (SD)

5.5 (1.8) 5.5 (1.8) 5.4 (1.8) 0.019

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided 
by height in meters squared); GED, general educational development.

* Other race is a composite of Asian, Pacific Islander, American Indian, and 
Alaska Native.

Table 2 
Pre-HF-Diagnosis Mean Difference in Rate of Change in Cognitive Z Score (SD/ 
Year) Between Participants Who Did and Did Not Have an Incident HF (Model 
A).

Mean Difference (95 % 
CI) 
in Rate of Change*

P 
value

P value for 
Interaction#

Global cognitive Z 
score

Male 0.004 (− 0.003 to 
0.011)

0.245 0.273

Female − 0.001 (− 0.007 to 
0.005)

0.733 Ref.

Total 0.001 (− 0.004 to 
0.006)

0.650 ​

Memory Z score ​ ​ ​
Male − 0.0001 (− 0.007 to 

0.007)
0.972 0.699

Female − 0.002 (− 0.008 to 
0.004)

0.529 Ref.

Total − 0.001 (− 0.006 to 
0.004)

0.642 ​

Executive function Z 
score

​ ​ ​

Male 0.005 (− 0.002 to 
0.012)

0.161 0.161

Female − 0.002 (− 0.007 to 
0.004)

0.601 Ref.

Total 0.001 (− 0.004 to 
0.005)

0.675 ​

Abbreviations: HF, heart failure.
* Using participants who did not have an incident HF as the reference group, 

after adjusting for baseline age, sex (when analyzing total data), race/ethnicity, 
education, marital status, smoking status, alcohol consumption, vigorous 
physical activity, body mass index, hypertension, diabetes, lung disease, cancer, 
depression symptoms, and functional limitation.

# P value for interaction was calculated using Z test.
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risk factors.
The impact of incident HF on cognitive trajectory before the event 

has not been previously investigated. Compared with individuals who 
remained free of HF, we did not observe a significant change in the slope 
of pre-HF-diagnosis cognitive decline in participants who later had an 
incident HF, suggesting potential adaptive or compensatory mechanisms 
for cerebral and/or vascular protection prior to apparent clinical man
ifestations of HF, and in turn not manifesting with a degree of cognitive 
impairment that can be detected using the methods applied in the cur
rent study. Another potential explanation is that the cognitive assess
ments employed in this study lacked the sensitivity required to detect 
the subtle cognitive deficits present prior to the HF event. More research 
is needed on this, particularly leveraging imaging approaches to assess 
for subclinical cerebral ischemia and injury.

The present study added to previous research by describing the 
subsequent change in cognitive function around the time of the HF 
diagnosis. We observed significant subsequent decreases in global 
cognition, memory, and executive function among participants with HF 
diagnosis. This suggests that a new HF diagnosis and the associated 
hemodynamic changes and vascular injury may be sufficient to cause 
cognitive changes in the short-term [25]. Findings from the ASPREE 
(ASPirin in Reducing Events in the Elderly) study also suggested that 
hospitalization for HF was associated with an subsequent decrease in 
processing speed but not global cognition [9]. Differences in our results 
may be attributable to discrepancies in the ascertainment and clinical 
severity of HF, the cognitive measures used, and length of follow-up.

We quantified the magnitude of post-HF cognitive decline after 
controlling for an individual’s pre-HF cognitive decline. Among partic
ipants with an incident HF diagnosis, decline in global cognition was 
faster compared with before HF by 0.013 SD per year, and that global 
cognition declined by 0.084 SD after HF, and this was consistent across 
all cognitive measures. While a change of − 0.013 SD over 1 year appears 
small, the cumulative effect was more substantial. The combined sub
sequent decreases and long-term effect of HF on cognition was 0.097 SD 
after 1-year post-HF, equivalent to 2.2 years of cognitive aging in in
dividuals without HF. Prior studies indicated that a decline of 0.5 SD or 
more from baseline has been defined as clinically meaningful decline 
[26,27]. Therefore, for the significantly accelerated cognitive decline 
observed in the years following HF, the global cognition in approxi
mately 14 years would correspond to a decline of 0.5 SD. Taken 
together, our findings suggest that careful monitoring for cognitive 
function in participants with an incident HF diagnosis is warranted in 
the years following their diagnosis, particularly given the increasing 
incidence and prevalence of heart failure.

Following a HF diagnosis, we observed a significant acceleration in 
executive function decline, in contrast to memory, which has been 
observed in prior studies [10,28]. This difference is likely because 
memory, which relies on the hippocampus, is more resilient to 
HF-related pathophysiological changes such as cerebral hypoperfusion, 
oxidative stress, and inflammation. Executive function, on the other 
hand, is dependent on the prefrontal cortex, an area with high metabolic 
needs and a particular susceptibility to hypoperfusion and cerebral 
microemboli [29]. It is possible that interventions for HF, such as 
medication adjustments and lifestyle modifications, may help protect 
memory function. Furthermore, the decline in memory might necessi
tate a longer exposure to the underlying HF disease processes than what 
was captured in our study’s follow-up period. It is conceivable that our 
study may have been underpowered to detect changes in the memory 
domain alone, and larger prospective studies with longer follow-up are 
warranted. Additionally, the assessment tools used for memory may be 
less adept at detecting subtle, early changes compared to those used for 
executive function.

We also found that male, on average, had less of a decline in global 
cognition and executive function than female over the years after HF, 
although this difference was not statistically significant. Previous studies 
have shown significant disparities in the incidence of HF and cognitive 

Table 3 
Adjusted Changes in Cognitive Function After Incident HF Diagnosis Among All 
12 850 Individuals.

Model B Model C
Variable Coefficient (95 

% CI)
P value Coefficient (95 

% CI)
P value

Global cognitive Z 
score

​ ​ ​ ​

Baseline slope 
without incident 
HF, per y

− 0.044 
(− 0.045 to 
− 0.043)

<0.001 − 0.044 
(− 0.045 to 
− 0.043)

<0.001

Subsequent change in 
cognitive score 
around incident HF 
diagnosis

− 0.102 
(− 0.132 to 
− 0.071)

<0.001 − 0.073 
(− 0.109 to 
− 0.038)

<0.001

Change in cognitive 
slope after incident 
HF, per y

Not included ​ − 0.011 
(− 0.018 to 
− 0.004)

0.002

Age, per y − 0.034 
(− 0.036 to 
− 0.033)

<0.001 − 0.034 
(− 0.036 to 
− 0.033)

<0.001

Intercept 1.615 (1.464 to 
1.765)

<0.001 1.612 (1.462 to 
1.763)

<0.001

Log restricted- 
likelihood

− 100,728.16 ​ − 100,728.18 ​

Memory Z score ​ ​ ​ ​
Baseline slope 

without incident 
HF, per y

− 0.045 
(− 0.046 to 
− 0.044)

<0.001 − 0.045 
(− 0.046 to 
− 0.044)

<0.001

Subsequent change in 
cognitive score 
around incident HF 
diagnosis

− 0.088 
(− 0.120 to 
− 0.057)

<0.001 − 0.070 
(− 0.108 to 
− 0.032)

<0.001

Change in cognitive 
slope after incident 
HF, per y

Not included ​ − 0.006 
(− 0.013 to 
0.001)

0.097

Age, per y − 0.045 
(− 0.046 to 
− 0.044)

<0.001 − 0.045 
(− 0.046 to 
− 0.044)

<0.001

Intercept 2.124 (1.988 to 
2.259)

<0.001 2.123 (1.987 to 
2.258)

<0.001

Log restricted- 
likelihood

− 107,059.99 ​ − 107,063.30 ​

Executive function Z 
score

​ ​ ​ ​

Baseline slope 
without incident 
HF, per y

− 0.023 
(− 0.024 to 
− 0.022)

<0.001 − 0.023 
(− 0.024 to 
− 0.022)

<0.001

Subsequent change in 
cognitive score 
around incident HF 
diagnosis

− 0.076 
(− 0.108 to 
− 0.044)

<0.001 − 0.054 
(− 0.092 to 
− 0.016)

0.005

Change in cognitive 
slope after incident 
HF, per y

Not included ​ − 0.008 
(− 0.015 to 
− 0.001)

0.033

Age, per y − 0.012 
(− 0.014 to 
− 0.011)

<0.001 − 0.012 
(− 0.014 to 
− 0.011)

<0.001

Intercept 0.646 (0.486 to 
0.805)

<0.001 0.644 (0.485 to 
0.804)

<0.001

Log restricted- 
likelihood

− 100,728.16 ​ − 107,886.34 ​

Abbreviations: HF, heart failure.
For linear mixed-effects models, model B included a time-varying incident HF 
variable to estimate the association of incident HF with decline in cognitive 
function (intercept) at the time of the event (value changed from 0 to 1 at the 
time of incident HF). Model C included covariates in model B and added a time- 
after-HF covariate to estimate the association of incident HF with decline in 
cognitive function (slope) over the years following the event. Covariates in 
model B included a random intercept, calendar time, time-varying incident HF, 
and baseline values of age, sex, race/ethnicity, education, marital status, 
smoking status, alcohol consumption, vigorous physical activity, body mass 
index, hypertension, diabetes, lung disease, cancer, depression symptoms, and 
functional limitation.
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decline between male and female, indicating that sex likely plays a 
crucial role in these health outcomes [30,31]. Therefore, managing and 
treating HF-associated cognitive decline in older adults requires an 
individualized strategy, though this requires further research.

Incident HF may cause long-term cognitive decline through several 
mechanisms. First, insufficient cardiac output associated with HF could 
cause substantial reduced cerebral blood flow and cerebrovascular 
reactivity, leading to cerebral hypoperfusion, cerebral grey matter at
rophy, and white matter lesions, culminating in neurodegeneration [25,
32,33]. Other mechanisms that may be relevant include a 
pro-inflammatory state, hemodynamic swings, and microvascular 
dysfunction [34–36]. Lastly, another important mechanism linking HF 
to cognitive decline involves the shared vascular risk factors [37–39]. 
Notably, our results remained robust when we controlled for several 
vascular risk factors in the statistical analysis.

The clinical relevance for our findings with respect to dementia 
prevention are three-fold. Firstly, our findings corroborate and expand 
upon prior observations of a high prevalence of cognitive impairment 
among individuals with HF. By highlighting the time course over which 

cognitive decline occurs in this population, we have identified crucial 
windows during which increased clinical surveillance and monitoring 
should be instituted, should our findings be replicated in future studies. 
Secondly, the association between HF and subsequent decreases in 
cognitive function and long-term cognitive decline suggests important 
pathways, such as systemic inflammation, oxidative stress, endothelial 
and microvascular dysfunction, subclinical cerebral emboli, and global 
cerebral hypoperfusion [40]. Thirdly, our identification of accelerated 
rate of cognitive decline after HF diagnosis is of clinical importance. 
While the mechanisms for this finding remains to be elucidated, it is 
conceivable that given the high comorbidity burden among individuals 
with HF, subsequent cognitive decline may trigger a vicious cascade of 
difficulty with adherence to medical therapy, increased disability and 
frailty, and worsening social isolation that further accelerates cognitive 
decline [41].

Our study has several strengths. First, analyses were based on a na
tionally representative community-based cohort, with a large sample 
size and long follow-up, providing greater statistical power to estimate 
the association between incident HF and cognitive decline. Second, 

Fig. 1. Estimated values of cognition for the association between incident heart failure (HF) and change in global cognition, memory, and executive function around 
incident HF diagnosis and in the years following the HF event among 12 850 participants. 
Participant-specific (conditional) predicted values of cognition were calculated for a 70-year-old White female with the average values of all covariates at baseline 
(high school education, married/partnered, never smoker, no alcohol use, no vigorous physical activity, BMI of 27.2 kg/m2, without history of diabetes, hyper
tension, lung disease, cancer, and depressive symptoms, and no functional limitation).

Fig. 2. Estimated values of cognition for the association between incident heart failure (HF) and change in global cognition, memory, and executive function around 
incident HF diagnosis and in the years following the HF event among in 1457 participants with incident HF. 
Participant-specific (conditional) predicted values of cognition were calculated for a 70-year-old White female HF patient with the average values of all covariates at 
baseline (high school education, married/partnered, never smoker, no alcohol use, no vigorous physical activity, BMI of 27.2 kg/m2, without history of diabetes, 
hypertension, lung disease, cancer, and depressive symptoms, and no functional limitation).
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using repeated longitudinal cognitive assessments over time, we 
accounted for pre-HF cognitive decline and subsequent cognitive 
changes after HF to disentangle the association between HF and long- 
term cognitive decline.

This study has several limitations. First, the use of self-reported 
physician-diagnosed incident HF might lead to a misclassification of 
HF cases and could have biased our findings to a minor extent. Never
theless, previous studies have validated self-reported measures as ac
curate diagnostic tools for health conditions, particularly cardiovascular 
diseases, demonstrating reliability across diverse populations [15,20,
42–45]. Although the agreement between self-reported HF and 
claims-based diagnosis was 87.7 % in HRS, self-reported HF is highly 
specific (99.2 %) but not as sensitive (25.2 %) as clinically validated HF 
diagnosis [21]. The low sensitivity (potential undercounting of true HF 
cases) is more likely to bias our findings towards the null, as individuals 
with undiagnosed or milder heart failure in the comparator group is also 
expected experience declines in cognitive function. Second, we were 
unable to conduct stratified analysis by HF severity and type because 
these data were unavailable. Third, there is a possibility of selection 
bias, as 1133 participants (8.1 %) with complete baseline data were 
excluded from the study because they lacked follow-up cognitive data. 
We also performed nonresponse analyses, which showed that our study 
sample was healthier than the initial sample of HRS participants. Se
lective attrition may lead to underestimation of cognitive decline 
because participants with worse cognition at baseline or after incident 
HF may have increased mortality and be more likely to drop out of the 
study. Fourth, high rates of attrition—a common occurrence in longi
tudinal studies involving older adults—led to the dropout of participants 
who were older, had more severe health issues, and exhibited lower 
cognitive function. In addition, we used linear mixed-effects models that 
are robust to handle missing data, using all available cognitive mea
surements before and after HF diagnosis and performed additional 
sensitivity analyses among individuals with ≥5 cognitive assessments 
that demonstrated consistent results. Fifth, although several key con
founders were adjusted for and robust results were demonstrated across 
several sensitivity analyses, unmeasured covariates might still have led 
to confounding bias, including APOE status, atrial fibrillation, left ven
tricular ejection fraction, and serum biomarkers (i.e., NT-proBNP). 
Lastly, the HRS mainly included White participants, limiting the 
generalizability of our findings to other population.

5. Conclusion

In this cohort study, incident HF was associated with subsequent 
decreases in global cognition, memory, and executive function at the 
time of the event. Furthermore, incident HF demonstrated an acceler
ated and persistent cognitive decline in the years following the HF event. 
The findings suggest the importance of surveilling cognitive function in 
older adults with HF.
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