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Background: Although cognitive impairment is common in heart failure (HF) patients, its 

effects on sodium adherence recommendations are unknown.

Purpose: Our aim is to examine if cognitive function is associated with patient sodium adherence.

Methods: Sodium collection/excretion and cognitive function were assessed for 339 HF 

patients over a 5–8-week period. Neuropsychological testing was performed at baseline (Visit 1),  

whereas two 24-hour urine samples were collected within 7 weeks postbaseline. The ability 

to collect two 24-hour urine samples and the estimation of sodium excretion levels from these 

samples were used to estimate sodium adherence recommendations.

Results: Nearly half (47%) of the study participants (n=159) were unable to give two valid 

24-hour urine samples. Participants who were unable to adhere to two valid 24-hour urine 

samples had significantly poorer attention and global cognition tests (P0.044), with a trend 

for poorer executive function (P=0.064). Among those with valid samples, urine sodium level 

was not associated with global cognitive function, attention, executive function, or memory after 

adjusting for covariates. Female sex was associated with lower sodium excretion (all P0.01); 

individuals with knowledge of sodium guidelines had less intake of sodium, resulting in excre-

tion of less sodium (all P0.03). Conversely, higher socioeconomic status (SES) and body mass 

index (BMI) were associated with greater sodium (all P0.02 and P0.01).

Conclusion: Adherence to urine sodium collection was poor, especially among those with 

poorer cognitive function. Sodium consumption exceeded recommended amounts and was 

unrelated to cognitive function. Interventions for improving sodium adherence should focus on 

at-risk groups (high SES and BMI) and at improving knowledge of recommended salt intake.

Keywords: urine collection, salt intake, attention, executive function, memory, cardiac

Introduction
Heart failure (HF) impacts nearly 6 million individuals in the United States1 and is associ-

ated with decreased quality of life,2 reduced physical function,3 and cognitive impairment 

across multiple domains, including attention, executive function, and memory.4 Patients 

with HF are also at increased risk for more severe neurodegenerative conditions, such as 

Alzheimer’s disease and other dementias.5 These HF-related cognitive deficits may be 

problematic as the treatment regimen for HF is complex, requiring multiple medications, 

daily weighing, and adherence to a low-sodium diet. For example, cognitive impair-

ment has been shown to predict poorer adherence to a variety of HF-treatment-related 

behaviors (eg, attending provider appointments and medication management),6–8 and 

poorer adherence can contribute to poorer HF outcomes (eg, greater adverse coronary 

events, hospitalizations, and all-cause mortality).9–11 Unfortunately, many of these 
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studies examine self-reported adherence behaviors. Given 

the probability of underestimation,12 self-report can be par-

ticularly problematic for assessing adherence to HF dietary 

guidelines, such as sodium restriction.

The average daily American diet contains more than 

4,000 mg of sodium.13,14 This amount may lead to an exacer-

bation of symptoms as well as other adverse effects in patients 

with HF.15 The adverse effects center around the altered 

sodium homeostasis observed in the HF state16 – sodium and 

water retention despite fluid overload – and occur primarily 

because of the negative physiologic impact of sodium on 

many interrelated cardiovascular functions, including blood 

pressure,17 arterial wall stiffness,18 and G protein–coupled 

receptor kinase 2 signaling.19 Thus, the Heart Failure Society 

of America suggests 2,000–3,000 mg or less of daily sodium 

in the HF population, depending on HF severity.15 The 

American Heart Association (AHA) initially recommended 

an even more stringent 1,500 mg or less for all individuals 

regardless of a history of cardiac disease.20 The variability 

of these guidelines is, in part, due to a lack of robust data. 

As a result, the most recently updated the American College 

of Cardiology Foundation (ACCF) and AHA Heart Failure 

Guidelines have downgraded sodium restriction in HF 

patients to a maximum of 2,000 mg/d and have limited the 

1,500 mg restriction to Stage A and B HF only.21

Previous work from the Heart Failure Adherence, Behav-

ior, and Cognition Study (Heart ABC) has demonstrated that 

adherence to the sodium restriction guidelines is poor among 

patients with HF.22 Specifically, when using a less stringent 

sodium restriction guideline (ie, 3,000 mg sodium intake) 

over half of the study cohort (52%) failed to meet the guide-

line. Only 23% met the more stringent 2,000 mg/d maximum, 

indicating that only one of every four patients with HF are 

meeting the recommended sodium intake.22 Although the 

sodium restriction values may vary slightly across studies, 

the high nonadherence rates are consistent, ranging from 52% 

in our study to 66% in others.23,24 Individuals with cognitive 

impairment may have even greater difficulties with meeting 

the sodium recommendations, given that adherence to the 

guidelines requires multiple cognitive resources (eg, memory 

and executive function) in order to remember the recom-

mended sodium levels, attend to and process information 

from food labels and products to ascertain sodium content, 

persist at a low-sodium diet, and inhibit consumption of 

high-sodium products. However, this assumption has not 

been directly tested in previous studies. Thus, the objective 

of the current study was to extend previous work in the 

Heart ABC sample by examining whether poorer cognitive 

function is associated with poorer sodium adherence among 

this community-based sample of adults with HF. Two major 

strengths of the current study are the use of objective and 

gold standard measures for cognitive function and sodium 

adherence, including a comprehensive, validated neuropsy-

chological battery and two 24-hour urine collections with 

measured sodium excretion. Using a full neuropsychological 

battery provides more detailed information than commonly 

used cognitive screens,25,26 and objective sodium excretion 

is less prone to the inaccuracy and underestimation, which is 

common for self-reported sodium intake.12 We hypothesized 

that greater cognitive deficits would be associated with poorer 

adherence to dietary sodium guidelines, as measured by 

reduced ability to collect urine sodium and greater 24-hour 

urine sodium excretion.

Methods
study population
The total sample consisted of 372 outpatients with HF 

enrolled in the Heart ABC study. Detailed information about 

eligibility requirements and inclusion/exclusion criteria 

have been published previously.22,27 In order to be selected 

for the current analyses, participants had to have complete 

data on the cognitive variables and urinary sodium (N=339). 

Participants were predominantly older, male, white, and had 

at least a high-school education (Table 1). The majority of 

the sample was categorized as having NYHA (New York 

Heart Association) Class III HF severity. The clinical trial 

registration number for this study is NCT01461629.

Measures
cognitive functioning
Cognitive functioning was measured across multiple domains 

using neuropsychological tests that have strong validity and 

reliability. The four cognitive domains were as follows:

1) Global cognitive function: General cognitive ability 

across a variety of domains. Global cognitive function 

was examined with the Modified Mini-Mental Status 

Examination (3MS).28 Scores range from 0 to 100 with 

higher scores indicative of better cognitive performance. 

Scores 90 on the 3MS are indicative of some degree of 

cognitive impairment.29

2) Attention: The capacity to attend to and process infor-

mation. Attention was measured by the Stoop Word 

and Color subtests,30 Trail Making Test A,31 and Letter-

Number Sequencing.32

3) Executive function: The capacity to problem-solve, plan, 

inhibit, and reason. Executive function was assessed using 
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the Stroop Color Word subtest,30 Trail Making Test B,31 

and the Frontal Assessment Battery.33

4) Memory: The capacity to retain and recall verbal infor-

mation. Memory was measured using the Rey Auditory 

Verbal Learning Test Learning Over Time, True Hits, 

Short Delay, and Long Delay scores.34

Raw neuropsychological test scores for the individual 

attention, executive function, and memory tests were con-

verted to age-adjusted scaled scores using normative data for 

each test. To facilitate interpretation, these scaled scores were 

converted to T-scores (M=50, standard deviation [SD] =10). 

The relevant T-scores were then averaged to create a 

Table 1 Descriptive statistics of full sample (n=339)

Study variable Participants without two adequate 
urine samples (n=159)

Participants with two adequate 
urine samples (n=180)

P-value

Average sodium intake (mg), mean (sD) ––––a 3,152.34 (1,175.35) –––a

nYhA, n (%)
class i 18 (11.32) 17 (9.44)
class ii 35 (22.01) 47 (26.11)
class iii 97 (61.01) 107 (59.44)
class iV 9 (5.66) 9 (5.00) 0.807

Qualifying ejection fraction 30.00 (8.29) 29.09 (8.50) 0.320
Age, mean (sD) 69.14 (10.29) 68.72 (8.92) 0.690
sex, n (%)

Male 96 (60.38) 111 (61.67)
Female 63 (39.62) 69 (38.33) 0.808

Minority status, n (%)
White 111 (69.81) 134 (74.44)
non-white 48 (30.19) 46 (25.56) 0.342

education, n (%)
8th grade or less 5 (3.14) 4 (2.22)
9th–11th grade 19 (11.95) 12 (6.67)
high school 49 (30.82) 45 (25.00)
Technical or trade school 15 (9.43) 18 (10.00)
some college 40 (25.16) 55 (30.56)
Bachelor’s degree 17 (10.69) 29 (16.11)
Master’s degree 14 (8.81) 17 (9.44) 0.355

ses, mean (sD) -0.14 (4.74) 0.22 (4.07) 0.461
impaired health literacy, n (%)

no 75 (47.47) 99 (55.62)
Yes 83 (52.53) 79 (44.38) 0.136

someone else prepares food, n (%)
no 93 (58.49) 94 (52.22)
Yes 66 (41.51) 86 (47.78) 0.247

someone else brings food, n (%)
no 39 (24.53) 36 (20.00)
Yes 120 (75.47) 144 (80.00) 0.316

can correctly recall the sodium
recommendation, n (%)

no 130 (81.76) 131 (73.60)
Yes 29 (18.24) 47 (26.40) 0.073

BMi, mean (sD) 29.93 (7.02) 30.10 (6.40) 0.815
comorbidity, mean (sD) 3.37 (1.61) 3.33 (1.88) 0.821
no of past hospitalizations for hF, mean (sD) 2.19 (2.05) 2.02 (1.96) 0.442
Depression, mean (sD) 4.69 (5.17) 4.26 (4.44) 0.417
Anxiety, mean (sD) 13.19 (5.70) 12.21 (4.58) 0.083
social support, mean (sD) 68.61 (13.87) 69.64 (14.06) 0.501
cognitive domains, mean (sD)

Attention 43.54 (7.47) 45.22 (7.44) 0.044*
Memory 47.21 (8.25) 48.11 (7.53) 0.298
executive function 45.06 (8.23) 46.75 (7.87) 0.064
global cognition 90.92 (7.04) 92.71 (6.15) 0.014*

Notes: aValue not indicated due to invalid urine collection. *P0.05.
Abbreviations: BMi, body mass index; hF, heart failure; nYhA, new York heart Association; ses, socioeconomic status; sD, standard deviation.
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composite T-score for each domain: attention, executive func-

tion, and memory. T-scores 35 indicate impaired cognitive 

functioning.35 Global cognitive function was measured by a 

single test (the 3MS), so no composite was created.

Sodium adherence was conceptualized as follows: 1) the 

ability to collect two adequate 24-hour urine samples and  

2) the average amount of sodium (mg) excreted in two 

samples. Both of these variables were considered because 

the validity of the sodium excretion adherence variable 

depends directly on the patients’ ability to adhere to the urine 

collection methods. The collection methods included giving 

patients a collection device, urine jug, and verbal/written 

instructions to collect all urine within a 24-hour window at 

two separate visits. Participants were instructed to store each 

sample in the refrigerator and document collection start and 

stop times. A telephone reminder call was also given 1 day 

prior to each collection to ensure protocol fidelity. In addition, 

urine samples were analyzed for creatinine output in the 

same 24-hour window in order to ensure the adequacy of 

the samples. Creatinine values in each sample were com-

pared to previously published ranges of creatinine excretion 

that would be expected based on sex, race, and weight.36 

Those with creatinine values in the appropriate range were 

marked as adequate samples. Thus, the “ability to collect 

two adequate samples” was defined dichotomously (1= Yes,  

0= No). Participants were coded as “Yes” if they provided 

the research assistant with two urine jugs containing 24-hour 

urine specimens and expected normative 24-hour creatinine 

excretion levels based on their age, sex, race, and weight.22 

The average sodium excretion from the two adequate samples 

was used to estimate 24-hour sodium intake. Two 24-hour 

collections were used to account for day-to-day variability in 

intake. Although an indirect measure, urinary sodium excre-

tion is considered a gold standard estimate of dietary sodium 

intake and has been shown to be highly correlated with 

dietary intake in non-HF patients, with 95% of intake being 

excreted in the urine in temperate climates.37 Urinary sodium 

excretion may provide a more accurate assessment of dietary 

sodium, especially as compared to food diaries, which often 

result in an underestimation of sodium consumption.12,38

covariates
The following variables were included as covariates/

potential confounders of any observed relationship between 

cognitive function and sodium excretion: age (years), sex 

(0= male, 1= female), minority status (0= white, 1= minority 

status), education level (1= 8th grade or less, 2= 9–11th grade,  

3= high school, 4= technical or trade school, 5= some college, 

6= bachelor’s degree, 7= master’s degree), socioeconomic 

status (SES), Charlson Comorbidity Index (CCI) score,39 self-

reported HF severity level (as estimated using self-reported 

symptoms and applying the NYHA criteria),40 overall 

health literacy, depression, anxiety, social support, food 

preparation/delivery status, and knowledge of the sodium 

intake recommendation. SES was estimated using subjects’ 

zip code.41 The SES score was calculated as a z-score using 

indicators of income and education for each zip code, with 

higher scores indicating higher SES. The CCI is a summary 

score of comorbid medical conditions (eg, diabetes, periph-

eral vascular disease, myocardial infarction, etc).39 NYHA 

levels of HF severity are classified as Class I (Mild), Class II 

(Mild), Class III (Moderate), and Class IV (Severe) and based 

on the degree of exertion needed to elicit HF symptoms;40 

in this study, we used patients’ self-reported HF symptoms 

for classification. Overall health literacy was measured with 

the Medical Term Recognition Test (METER).42 Depres-

sive symptoms were assessed using the Patient Health 

Questionnaire-9 (PHQ-9).43 Anxiety was estimated with the 

7-item Patient Reported Outcomes Measurement Informa-

tion System Anxiety Subscale (PROMIS-Anxiety).44 Social 

support was quantified using the Multidimensional Scale 

of Perceived Social Support (MSPSS).45 Two dichotomous 

questions were asked to determine whether anyone in the 

household helped the patient with food preparation (Yes/No) 

or delivered food to the patients (Yes/No). To assess whether 

the participant knew the sodium intake recommendation at 

study entry, we asked participants: “What is the maximum 

amount of sodium you should consume in a day?” The correct 

response was “no more than 2,000 mg or one teaspoon of salt” 

and was coded as a score of 1, whereas incorrect responses 

were coded as 0. Those who answered incorrectly were given 

brief education about the sodium guidelines.

Procedure
All patients were recruited from inpatient and/or outpatient 

cardiology practices in northeast Ohio and gave their written,  

informed consent to participate. All procedures were 

approved by the Institutional Review Boards of Kent State 

University, Summa Health Systems, Inc., and University 

Hospitals Case Medical Center. After recruitment and written 

consent, a trained research assistant conducted four visits to 

the patients’ homes over a 5–8-week period, with 6 weeks as 

standard from Visit 1 (baseline) to Visit 4. First, neuropsy-

chological testing and self-report questionnaires were admin-

istered, and education on adhering to a 2,000 mg sodium 

diet was provided at the first home visit (baseline). At the 
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second home visit (1–2 weeks after baseline) and the third 

home visit (1–2 weeks after Visit 2), participants were given 

the urine collection implements with instructions to collect 

all urine within a 24-hour window. As a reminder, subjects 

were telephoned 1 day prior to collection. Participants were 

instructed to keep samples cold by storage in refrigerators 

and were responsible for reporting the start and stop times 

of collection. Study personnel retrieved the urine samples 

during the third and fourth home (3–4 weeks after Visit 3) 

visits. Samples were transported under ambient temperatures 

to the clinical research lab.

Analyses
To assess if greater cognitive deficits or other demographic 

and biopsychosocial variables were associated with reduced 

ability to collect urine sodium (Yes/No), chi-square analysis 

and t-tests were conducted. Next, simple linear regressions 

were performed to determine which variables predicted aver-

age sodium excretion. Significant biopsychosocial predictors 

from the simple linear regressions were then entered together 

as covariates into a set of four simultaneous regression mod-

els to determine which variables uniquely predicted sodium 

excretion. Each of the four cognitive domains was used as a 

predictor variable in a separate regression to avoid multicol-

linearity in each model.

Results
Participants
The sample consisted of predominantly older, Caucasian 

males with NYHA Class III HF and reduced ejection frac-

tion. Although the cognitive performance of the sample was 

average to low-average (Table 1), between 6% and 12% 

exhibited clinically meaningful cognitive impairment, as 

assessed using a cutoff of 35 for the T-score composition: 

6.0% memory impaired, 9.7% executive function impaired, 

and 11.9% attention impaired. The majority of the sample 

(85%) failed to meet the ACCF/AHA Heart Failure Guide-

lines of less than 2,000 mg of sodium per day. On average, 

the 24-hour sodium intake was 3,152.34 (SD =1,175.35; 

range: 897.00–7,233.50) mg (Table 1). Further, only 26.4% 

(n=47) of the sample had existing knowledge of the sodium 

intake recommendation (Table 1).

The ability to collect a valid urine sample
Nearly half (47%) of the study participants (n=159) were 

unable to give two valid 24-hour urine samples. Participants 

who were unable to collect two valid 24-hour urine samples 

had significantly lower scores on the attention and global 

cognition tests (P0.044) (Table 1). A trend was observed 

for lower executive function scores and poorer adherence to 

urine collection (P=0.064), whereas memory was not associ-

ated with urine collection. All further analyses of sodium 

excretion were conducted using data only from those par-

ticipants with two adequate 24-hour urine samples to ensure 

the most accurate estimation of 24-hour sodium intake.

Average amount of sodium excretion
To assess whether poorer cognitive function was associated 

with greater sodium excretion, simple linear regression was 

first conducted; then, all significant predictors and one vari-

able that was trending toward significance (race) were entered 

into an adjusted model. All data analyses were conducted 

using SAS version 9.2 statistical software (SAS Institute, 

Cary, NC, USA).

Simple linear regression results revealed that none of 

the cognitive domains were associated with sodium intake 

(Table 2). Specifically, attention, executive function, 

memory, and global cognitive function failed to predict 

24-hour urinary sodium excretion (all P0.48). Female sex 

(P0.01), having someone else prepare food (P=0.03), and 

Table 2 simple linear regression of factors predicting average 
sodium excretion (mg) (n=180)

Factors b (SD) P-value

nYhA -92.12 (120.60) 0.446
Age -10.18 (9.85) 0.303
Female -817.04 (170.00) 0.001*
non-white -343.67 (199.76) 0.087
education 46.65 (57.77) 0.421
ses 60.62 (21.44) 0.005*
impaired health literacy -95.92 (178.32) 0.591
someone else prepares food -370.27 (173.67) 0.034*
someone else brings food 58.38 (219.58) 0.791
can correctly recall the sodium

recommendation -400.81 (199.15) 0.046*
BMi 35.49 (13.57) 0.010*
comorbidity 41.36 (46.72) 0.377
no of past hospitalizations for hF -17.36 (44.27) 0.695
Depression 4.70 (19.84) 0.813
Anxiety 9.94 (19.34) 0.608
social support -6.73 (6.24) 0.282

cognitive domains
Attention -1.92 (12.13) 0.875
Memory -4.53 (11.72) 0.700
executive function 8.29 (11.62) 0.477
global cognition -7.83 (14.47) 0.589

Notes: each factor above was entered into a separate regression model predicting 
average sodium excretion. *P0.05.
Abbreviations: BMi, body mass index; hF, heart failure; nYhA, new York heart 
Association; ses, socioeconomic status; sD, standard deviation; b, unstandardized 
regression coefficient.
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having existing knowledge of the sodium recommendation 

(P=0.05) predicted lower sodium intake, whereas higher 

SES (P=0.01) and body mass index (BMI) (P=0.01) pre-

dicted greater sodium intake. Female sex and BMI may have 

predicted sodium due to dietary differences across sex and 

weight classes. There was a trend toward significance for 

non-white race predicting lower sodium intake (P=0.09).

All significant predictors and race, which was trending 

toward significance, were entered into four adjusted models, 

one for each cognitive domain (Table 3). None of the cog-

nitive domains significantly predicted sodium intake in the 

adjusted models. In all four models, female sex and having 

existing knowledge of the sodium recommendation were 

significantly correlated with lower sodium intake, whereas 

higher SES and higher BMI were associated with greater 

sodium intake.

Discussion
The objective of the current study was to examine whether 

cognitive impairment was associated with poorer sodium 

adherence in a community-based sample of older adults with 

HF. At the group level, participants’ cognitive performance 

was intact, but individual scores varied – with rates of clinical 

impairment at 6% for memory, 10% for executive function, 

and 12% for attention. This pattern (ie, more deficits for 

attention/executive function than for memory) and these rates 

are comparable to those reported for community-dwelling 

HF populations (15%–25%)4,46–48 and suggest that our sample 

exhibited similar range of cognitive performance as previous 

investigations. Our hypothesis that greater cognitive deficits 

would be associated with poorer adherence to dietary sodium 

guidelines was partially supported. Specifically, greater cog-

nitive deficits were associated with failure to collect urine 

sodium; however, cognition was not related to 24-hour urine 

sodium excretion. Adherence to urine sodium collection was 

poor with only one of every two patients (53%) collecting 

two adequate urine samples. Those who failed to collect valid 

samples exhibited poorer global cognition and attention, with 

a trend toward poorer executive function.

Previous evidence linking cognitive function to treatment 

adherence in patients with HF is mixed. In some studies, 

impaired cognitive function in HF patients predicts poorer 

overall adherence8 and self-care behaviors,49 but other studies 

did not support these findings.50 Evidence regarding adher-

ence to dietary and sodium recommendations, in particular, is 

limited. Alosco et al8 found that only impaired language func-

tioning was associated with poorer adherence to self-reported 

dietary recommendations. Cameron et al49 found that mild T
ab
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cognitive impairment was associated with impaired manage-

ment of HF (ie, ability to recognize, evaluate, and respond to 

changes in symptoms), but not self-care maintenance behav-

iors, which include adherence to a low-sodium diet. Contrary 

to these findings, Dickson et al51 found that cognitive function 

significantly predicted self-care maintenance behaviors.

Several explanations exist which may explain the dis-

crepancies between studies examining cognitive function 

and HF treatment adherence. First, the type of treatment 

adherence being assessed varies widely across studies (eg, 

medication vs diet vs physician appointment attendance, etc) 

and may yield differential findings. For example, our study is 

among the first to investigate the effect of cognitive function 

on sodium intake adherence in HF patients using the most 

objective method available to measure dietary sodium intake 

(ie, sodium excretion).52 In contrast, previous studies that 

examined the effect of cognitive function on self-care have 

only looked at adherence to general HF guidelines, including 

daily weighing and medications49 or examined these effects 

using only self-report measures of dietary intake.8 A potential 

explanation for why cognition was associated with the ability 

to collect urine sample – but not with sodium excretion – may 

be restricted range. A full 47% of participants failed to col-

lect an adequate sample, whereas only 15% of patients with 

a valid urine sample excreted the recommended 2,000 mg  

of sodium. Thus, adherence behaviors, such as urinating 

into the collection containers for a full 24 hours, show 

greater variability across participants than dietary restriction 

of sodium. Such rates suggest that even patients with the 

cognitive capabilities to obtain an adequate urine specimen 

struggled with adherence to sodium restriction, regardless 

of cognitive status and likely due to the sodium-rich foods 

that comprise the American diet.14

Importantly, participants who were able to verbalize at 

baseline that their doctor instructed them to consume less 

than 2,000 mg of sodium per day did exhibit significantly 

lower sodium intake, excreting approximately 400 mg less 

sodium on average. Others have found that HF knowledge 

is associated with greater adherence to recommended 

guidelines for management of symptoms in HF patients53 

and in those with mild cognitive impairment.54 It is possible 

that those participants who recalled the sodium guidelines 

had a plan implemented for the reduction of daily sodium. 

Perhaps more concerning, only 26.40% of the study sample 

(n=47) knew the sodium recommendation at baseline. More 

research is warranted to investigate the impact of recall of 

recommendations on sodium intake and having a daily plan 

for self-management in HF patients.

A low-sodium diet is a recommendation endorsed by all 

national and international HF guidelines.16 Sodium retention 

has been identified as a leading cause of exacerbation of HF 

symptoms.55 Despite this evidence, few HF patients comply 

with dietary sodium recommendations as evidenced by other 

research teams56 as well as our sample. Indeed, only 15% of 

our sample met the sodium intake recommendations. Under-

standing which factors contribute to compliance with sodium 

recommendations in HF patients is crucial to improve clinical 

HF outcomes. Though cognitive deficits appear to be a logical 

predictor of adherence to sodium restrictions and have been 

associated with poorer HF outcomes, this assumption was 

not supported in the current study.

Although our study has several strengths, including 

objective measurement of sodium intake/adherence, com-

prehensive neurocognitive assessment, and a large sample 

size, limitations should be noted. First, the study was cross-

sectional, lacked a non-HF control group, and comprised 

sample that was mostly white males with HF who reside in 

the USA. Future prospective research is needed that examines 

whether our results generalize to non-HF populations and to 

more diverse HF populations. Another limitation is that the 

urine samples were based on a 24-hour collection period. 

It is possible that this 24-hour period was not a typical day 

of dietary sodium intake. Thus, similar studies examining a 

more diverse sample and a longer urinary sodium collection 

interval should be conducted to confirm our findings. Next, 

the lack of objective data regarding HF severity (eg, stenosis 

or other structural damage) is a limitation. Future studies 

should collect and utilize this information to determine to 

which degree physiologic damage to the heart is related to 

both cognition and adherence metrics. Finally, given that 

HF patients with others who prepared meals exhibited lower 

sodium excretion, future studies are needed to clarify the pos-

sible interaction between cognitive function and instrumental 

support of others. It is likely that cognitively impaired persons 

receive greater assistance from others and thus may be able 

to better adhere due to this other support.

Conclusion
In brief conclusion, the majority of patients with HF expe-

rience compromised cognitive function. Nearly half of the 

patients failed to collect adequate urine sample, with greater 

collection failure among those with poorer cognitive func-

tion. Among those with valid urine collection, cognitive 

impairment was not associated with dietary sodium intake. 

Significant predictors of greater sodium intake among this 

group included high SES and high BMI, which may be more 
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clinically useful in identifying patients at risk for nonadher-

ence to dietary guidelines in HF.
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