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Dietary Sodium Intake and Health-Related Quality of Life in
Patients with Stable Heart Failure

Eun Kyeung Song

Department of Nursing, University of Ulsan College of Medicine, Ulsan, Korea

Background: Dietary sodium restriction is an essential component of self-care behavior for improved health-re-
lated quality of life (HRQoL) in patients with heart failure (HF). However, there is little direct evidence about the
impact of dietary sodium restriction on HRQoL. The purpose of this study was to determine the impact of dietary
sodium intake on HRQoL in HF patients with no cardiac events over 1-year of follow-up.

Methods: A total of 106 patients with HF completed a 3-day food diary to estimate daily sodium intake. Patients
were divided into 4 groups (<2 g, 2-3 g, 3-4 g, and >4 g). The Minnesota Living with Heart Failure
Questionnaire was used to assess HRQoL at baseline and one year later. Hierarchical linear and logistic re-
gressions were used to determine the relationship between dietary sodium intake and HRQoL.

Results: Thirty-seven (35%) patients had a daily sodium intake >3 g. Greater than 4 g of daily sodium intake
was independently associated with a worse HRQoL at baseline and one year later (F=3.15, P=0.028; F=4.33,
P=0.006) and an almost 5.2 times higher risk of a worsening HRQoL at one year follow-up (P=0.040) after con-
trolling for age, gender, etiology, body mass index, New York Heart Association class, ejection fraction, total co-
morbidity score, and use of beta blockers.

Conclusions: This finding provides additional evidence that greater than 4 g of daily sodium intake is associated

with worsening HRQoL in stable HF patients who are free from cardiac events.
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INTRODUCTION

Recently, prospective follow-up studies'™ have demon-
strated convincing evidence that excessive sodium intake
is associated with shorter cardiac event-free survival in pa-
tients with heart failure (HF). Fluid retention or volume

overload secondary to excessive dietary sodium intake is
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primarily responsible for acute decompensated HF,"”

which is a common reason for unnecessary hospitalization
or death.*” Furthermore, cardiac events including cardiac
hospitalization or death have been used to determine the
impact of dietary sodium restriction on health outcomes in
a systematic review.” Therefore, most health care pro-
viders try to recommend dietary sodium restriction for pa-
tients with HF to prevent cardiac events as a standard
component of HF management.

Less than 30% of patients with HF are rehospitalized
within 90 days for recurrent HF.>'® Almost one-third of
these patients are readmitted more than once due to acute
decompensated HF with an overall annual mortality rate
of 10%.”"" Although patients with chronic HF can easily
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decompensate acutely, they, especially those receiving sta-
ble medication therapies, are symptom-free with a rela-
tively low cardiac event rate.”>" Accordingly, an ultimate
desirable health outcome in HF management is to improve
health-related quality of life (HRQoL) among patients
with stable HF who are free from cardiac events. However,
there is little direct evidence about the impact of dietary
sodium intake on HRQoL in stable HF patients.

The purpose of this study was to determine whether di-
etary sodium intake is independently associated with
HRQoL and a change in HRQoL in stable HF patients

with no cardiac events over a one-year follow-up period.

METHODS
1. Design and setting

This was a prospective cohort study with one-year fol-
low-up from the baseline measurement of HRQoL be-
tween July 1, 2010, and June 30, 2011. Patients were re-
cruited from outpatient HF clinics in one regional tertiary
medical center located in Seoul, Korea. All patients re-
ceived instructions on dietary sodium restriction as part of

the usual care given by their clinicians.
2. Participants

Eligibility criteria included: (1) having a confirmed di-
agnosis of chronic HF for at least two years, (2) having de-
pressed left ventricular systolic function with left ven-
tricular ejection fraction (LVEF) less than 40%, (3) taking
stable dosages of HF medications for at least three months,
and (4) the ability to read and speak Korean.

Exclusion criteria were: (1) referred for heart trans-
plantation; (2) history of recent myocardial infarction
within the previous six months; (3) any hospitalizations or
emergency room visits in the six months prior to this
study; (4) any obvious cognitive impairment, defined as a
diagnosis of stroke, dementia, or head trauma; and (5) his-
tory of cancer, severe thyroid disease, hepatic failure, or
renal failure.

The required sample size for this study was estimated
using a power analysis program.'” Considering a medium
effect size (=0.18), an alpha value of .05, 80% power (1-

B), and a total of 11 independent variables, a sample size of

at least 104 patients was required.
A total of 153 patients were eligible for this study. Five
patients declined to participate and four patients withdrew.

Three patients had incomplete responses to the questionnaires.
3. Measures

1) Dietary sodium restriction

Patients completed a weighted three-day food diary
that included two weekdays and one weekend day.
Patients were provided instructions on how to complete
the three-day food diary. A food diary is considered to be
a more objective indicator of dietary sodium intake com-
pared to measuring 24-hour urinary sodium excretion in
stable HF patients." Daily dietary sodium intake was de-
fined as the averaged three-day intake. The Computer
Aided Nutrition Analysis Program for Professionals
(CAN-Pro 4.0, APAC intelligence, Seoul, South Korea)

) was used to analyze the food diaries and de-

software'®
termine dietary sodium intake. Currently, the most up-
dated American College of Cardiology/American Heart
Association (ACC/AHA)" guidelines and the Korean
Society of Heart Failure'® guidelines state a nonspecific
recommendation for daily sodium intake, and both guide-
lines recommend less than 2 g for patients with decom-
pensated HF. The Heart Failure Society of America guide-
lines recommend 3 to 4 g."” The recommended limit in the
former ACC/AHA guideline was 2 to 3 g per day.”
Accordingly, patients were divided into four groups by
their average daily sodium intake: <2 g, 2-3 g, 3-4 g, or >4 g.

2) Health-related quality of life (HRQoL)

HRQoL was assessed using the Minnesota Living with
Heart Failure Questionnaire (LHFQ), which is a 21-item
disease-specific measure.”” This instrument as one of the
most widely used instruments for measuring quality of life
demonstrating better validity and responsiveness in pa-
tients with HF than the generic HRQoL tools.” Each item
is rated on a scale from 0 (no impact on HRQoL) to 5 (most
negative impact on HRQoL). The total score of HRQoL is
the sum of the ratings of the 21 items with a possible range
of 0 to 105, with higher scores indicating a worse HRQoL.
Reliability was previously established with a Cronbach’s a
coefficient of 0.88 to 0.93.*" The Cronbach’s alpha co-
efficient for the Korean version of the LHFQ was 0.96.”
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In this study, the Cronbach’s a coefficient was 0.92.

3) Other clinical variables

Other clinical variables including age, gender, body
mass index (BMI), underlying etiology of HF, New York
Heart Association (NYHA) functional class, LVEF, total
comorbidity score as assessed by the Charlson’s co-
morbidity index, and prescribed medications were col-
lected from interview records and confirmed through a re-
view of the patients’ medical records. These clinical varia-
bles were identified in previous investigations as greater risk

factors for impaired quality of life in patients with HE.***

4. Procedures

The research proposal was approved by the Institutional
Review Board at the enrollment site to ensure that the
rights of human subjects were protected. Prior to data col-
lection, the primary investigator explained the purpose
and procedures for this study, and written informed con-
sent was obtained from each patient. Cardiologists at out-
patient HF clinics referred eligible patients to the primary
investigator and a trained research assistant.

A research assistant provided digital scales to the patients.
All patients were instructed to measure the weight of each
food item and to record all food consumed during the
three-day food diary collection period. Patients were also
instructed to record the amount of soy sauce added to their
food when soy sauce was used during eating or cooking. A
research assistant called patients on the first day to answer
any questions they might have. The morning after com-
pletion, patients brought their three-day food diary to the
outpatient HF clinic and then completed a series of
questionnaires. The primary investigator reviewed the
completed diaries to verify serving sizes, obtain missing
information, and clarify food preparation techniques.
These reviews lasted approximately 20-30 minutes. One
year after the baseline measurements, patients received the
LHFQ to assess HRQoL through telephone interviews.

5. Statistical analysis
All patients were followed up by review of their medical

records for one year to determine cardiac events (i.e., car-

diac hospitalization or cardiac death). Of the 141 patients,

32 were hospitalized and 3 died due to cardiac-related
problems during the one-year follow-up period. Patients
who had any cardiac events during this period were ex-
cluded from the final analysis. Thus, data from 106 pa-
tients were included in the final analysis.

Data were analyzed using SPSS for Windows 18.0 (SPSS,
Inc., Chicago, IL, USA). Descriptive statistics, including
frequencies with percentages and the mean scores with
standard deviations, were used to describe the patient
characteristics. A one-way analysis of variance with the
Scheffe post-hoc test was used to compare differences in
HRQOoL at baseline and one-year after baseline among the
4 groups categorized by daily sodium intake.

The total LHFQ score at baseline and one-year later
were almost normally distributed. The skewness of the to-
tal LHFQ score at baseline and one year later were 0.14
and 0.37, respectively, while the kurtoses of the total
LHFQ score at baseline and one-year later were —0.72 and
—0.70, respectively. To examine possible multicollinearity
issues, a collinearity analysis including tolerance value,
variance inflation factor (VIF), and condition index, was
conducted before performing the multiple linear regressions.
The multicollinearity assumption was not violated in this
study with a Durbin Watson statistic of 1.731 and 1.840, a
tolerance value of 0.711-0.988 (0.5), and a VIF of 1.036-1.632
(close to 1-2). A hierarchical multiple linear regression was
used to determine whether dietary sodium intake was in-
dependently associated with HRQoL at baseline and one
year later after controlling for age, gender, BMI, NYHA
class, etiology of HF, LVEF, total comorbidity score, and
prescribed medications. The adjusted R* was calculated to
explain how well dietary sodium intake predicted
HRQoL at baseline and one-year later in HF patients after
controlling for other clinical variables.

The change in HRQoL was calculated by subtracting
the total LHFQ score at baseline from the total LHFQ
score one year later. Patients were divided into two
groups: a group with worsening HRQoL (change in
HRQoL equal or greater than 5) and a group with improv-
ing HRQoL (change in HRQoL less than 5).* A hier-
archical multiple logistic regression was used to determine
whether dietary sodium intake was independently asso-
ciated with a higher risk of worsening HRQoL in stable
HF patients after controlling for the same clinical variables.

An odds ratio (OR) for worsening HRQoL was obtained
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for all independent variables along with 95% confidence

intervals (Cls).

RESULTS
1. Sample characteristics

The characteristics of the study subjects are shown in
Table 1. Almost 30% were females ranging in age from 50
to 85 years. Over half of the patients were overweight or
obese. The majority of patients were NYHA functional
class IT and III. Approximately, one in five patients had at
least two co-morbidities including hypertension and
diabetes. Most patients were prescribed beta-blockers, di-
uretics, and angiotensin-converting enzyme (ACE) in-
hibitors or angiotensin II receptor blockers (ARB II). The
average daily sodium intake was 3.1 g (range 1.0 to 6.2 g),
and 29 patients had daily sodium intake less than 2 g.

Table 1. Characteristics of study subjects at baseline (n=106)

2. Differences in HRQoL among 4 groups categorized
by level of dietary sodium restriction

The total score of the LHFQ was 40.1£21.9 at baseline
and 41.0+25.2 at one-year follow-up. Overall, participants
had lower scores in HRQoL at baseline and one-year later
with a range of 0 to 101. Figure 1 shows the differences in
HRQoL scores at baseline and at one-year follow-up of the
4 groups (F=3.15, df=3, P=0.028; F=4.33, df=3, P=0.006)
categorized by the level of dietary sodium restriction.

On univariate analyses, patients with >4 g of daily so-
dium intake had the highest LHFQ scores at baseline and
one-year later, whereas patients with <2 g of daily sodium
intake had the lowest LHFQ scores at baseline and
one-year later. Scheffe post-hoc comparisons indicated
that patients with >4 g of daily sodium intake had worse
HRQoL compared to those with <2 g at baseline
(P=0.034). In addition, patients with >4 g of daily sodium

Characteristic N (%) Mean+SD
Age, y 65+9
Gender Male 75 (70.8)
Female 31 (29.2)
Body mass index, kg/m’ 23.3+3.9
Underweight (<18.5) 9 (08.4)
Normal weight (18.5 to 22.9) 43 (40.6)
Overweight (23.0 to 27.4) 36 (34.0)
Obese (>27.5) 18 (17.0)
NYHA functional class 1 10 (09.4)
I 53 (50.0)
I 35 (33.0)
v 8 (07.6)
Etiology of heart failure Nonischemic heart disease 44 (41.5)
Ischemic heart disease 62 (58.5)
Left ventricular ejection fraction, % 28.2+8.0
Total comorbidity score 3.3x1.8
Comorbidity Atrial fibrillation 54 (50.9)
Hypertension 75 (70.8)
Diabetes mellitus 45 (42.5)
Asthma 15 (142)
Medication ACE inhibitors 76 (71.7)
Angiotensin II receptor blocker 21 (19.8)
Digoxin 27 (25.5)
B blocker 95 (89.6)
Diuretics 80 (75.5)
Daily sodium intake, g 3.1£1.2
<2g 29 (27.4)
2t3g 40 (37.7)
3todg 25 (23.6)
>4 g 12 (11.3)

Abbreviations: NYHA, New York Heart Association; ACE, angiotensin-converting enzyme.
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had worse HRQoL at one-year follow-up compared to
those with <2 g (P=0.009) and those with 2-3 g (P=0.024).

3. Dietary sodium restriction and health-related quality
of life

For daily sodium intake, patients were assigned a dum-

my variable ranked from lowest to highest: (0) <2 g of dai-
ly sodium intake, (1), 2-3 g of daily sodium intake, (2) 3-4
g of daily sodium intake, or (3) >4 g of daily sodium intake.

In the hierarchical multiple linear regression, >4 g of
daily sodium intake was independently associated with
worse HRQoL at baseline in patients with HF (8=0.30,
P=0.005) after adjusting for age, gender, BMI, NYHA

Figure 1. Differences in health-related quality of life at baseline and at one-year of the 4 groups by level of dietary sodium

restriction (n=106)
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Table 2. Associations between level of daily sodium intake and health-related quality of life at baseline and at one-year (n=106)°

HRQoL at baseline HRQoL at one year
Block Variable Standardized P Changein Adjusted  Standardized ; P Change in  Adjusted
B R’ R’ B R R’
1 Age,y -0.14 -1.46  0.148 0.02 0.02 -0.11 -1.13  0.263 0.02 0.02
Female, gender” 0.40 041  0.682 0.03 029 0771
2 Body mass index, kg/m2 0.06 0.57  0.571 0.18 0.20 0.19 1.86  0.066 0.18 0.20
NYHA class III/TV® 0.21 2.21 0.029 0.15 1.64 0.104
IHD! 0.02 0.19 0.850 0.02 0.21 0.838
LVEF, % 0.02 0.25 0.807 0.07 0.78 0.437
Total comorbidity score 0.33 3.11  0.002 0.28 2.73  0.008
Use of beta blocker" -0.10 -1.13 0.263 -0.08 -0.88 0.384
3 2to 3 g of daily sodium intake' 0.08 0.74  0.462 0.07 0.27 0.01 0.05 0.963 0.11 0.31
3 to4 g of daily sodium intake’  0.08 0.69  0.495 -0.03 0.29 0.770
>4 g of daily sodium intake' 0.30 291  0.005 0.32 3.21  0.002

Abbreviations: HRQoL, health-related quality of life; NYHA, New York Heart Association; IHD, ischemic heart disease; LVEF, left ventricular

ejection fraction.

®Assessed by hierarchical linear regression analyss.

*Reference group for comparison was the male group.

“Reference group for comparison was the NYHA class I/1I group.

d . . . . .
Reference group for comparison was the group with non-ischemic heart disease.

“Reference group for comparison was the group with no use of beta blocker.

"Reference group for comparison was the group whose daily sodium intake was <2g.
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class, etiology of HF, LVEEF, total comorbidity scores, and
use of beta-blockers (Table 2). Greater than 4 g of daily so-
dium intake was an independent predictor (¢1=2.91,
P=0.005) for a worse HRQoL at baseline and explained
7% of the variance in worse HRQoL at baseline.

At one-year follow-up, >4 g of daily sodium intake in-
dependently predicted worse HRQoL in patients with HE
(B=0.32, P=0.002), after controlling for the same clinical

variables (Table 2). The model explained 31% of the var-
iance in HRQoL one year after baseline measurement: >4
g of daily sodium intake by itself explained 11% of the
variance. An increased total comorbidity score was also a
significant predictor of worse HRQoL at one-year.
However, >4 g of daily sodium intake had the largest
standardized beta value ($=0.32), indicating that this

amount of sodium intake was the strongest predictor of

Figure 2. Change in health-related quality of life from baseline and one-year of the 4 groups by level of dietary sodium

restriction (n=106)
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Values are presented as mean+SD.
LHFQ indicates The Minnesota Living with Heart Failure Questionnaire.
Table 3. Risk for worsening of health-related quality of life® at one year in patients with heart failure (n=106)b
Characteristic Adjusted odds ratio 95% CI P
Age, y 1.04 0.98-1.09 0.188
Gender Male 1.00
Female 0.80 0.30-2.13 0.655
Body mass index, kg/m’ 0.98 0.86-1.10 0.702
NYHA functional class /11 1.00
/v 1.30 0.55-3.61 0.551
Etiology of heart failure Non-THD 1.00
THD 1.47 0.55-3.91 0.442
Left ventricular ejection fraction, % 0.96 0.91-1.02 0.189
Total comorbidity score 0.85 0.64-1.12 0.247
Use of beta blocker 0.83 0.19-3.54 0.800
Daily sodium intake 2g 1.00
203 g 222 0.49-10.09 0.302
3to4g 3.77 0.89-16.00 0.072
>4 g 5.18 1.08-23.94 0.040

Abbreviations: CI, confidence interval; NYHA, New York Heart Association; IHD, ischemic heart disease.
*Worsening of health-related quality of life (HRQoL) indicates 5 or more score change in the total scores of the Minnesota Living with Heart

Failure Questionnaire (LHFQ) measured at baseline and at one year.
®Assessed by hierarchical logistic regression analysis.
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worse HRQoL after controlling for other clinical varia-

bles in the model.

4. Three gram daily sodium intake and change in
HRQoL over one-year

During the one-year follow-up period, a change in the
total LHFQ score ranged from —46 to 55. Forty patients
(38%) had worsening HRQoL as indicated by a change in
the total LHFQ score equal to or greater than 5 between
the measurements at baseline and at one-year. Figure 2
shows the average change in the LHFQ scores of the 4
groups categorized by level of sodium restriction.

In the hierarchical multivariate logistic regression, >4 g
of daily sodium intake was independently associated with
an almost 5.2 times higher risk for worsening HRQoL at
one year after controlling for the same clinical variables
(95% CI, 1.08-23.94; P, 0.040) (Table 3).

DISCUSSION

Although dietary sodium restriction is an essential com-
ponent of self-care behavior for improved HRQoL in pa-
tients with HF, there has been limited direct evidence
about the impact of dietary sodium restriction on
HRQoL. Our study has advanced the knowledge on this
topic by demonstrating that dietary sodium intake in-
dependently predicts HRQoL and change in HRQoL
over time. We found that patients with HF who consumed
>4 g of daily sodium had a worse HRQoL at baseline and,
subsequently, a worsening HRQoL at one-year when
compared to those with <2 g.

This study is one of a few to examine the impact of diet-
ary sodium restriction on health outcomes in patients with
HE." Prior investigators'™ reported that >3 g of daily
sodium intake independently predicted a shorter cardiac
event-free survival in patients with HF. Similar to our
study, <75% of patients did not have hospitalization or
death due to cardiac problems during the one-year fol-
low-up period in these prior studies.” In our study, 25%
of patients had cardiac hospitalization or cardiac death
during the one-year follow-up period. This may indicate
that most clinicians focused less on HRQoL as a health
outcome than cardiac events. Unlike their clinicians, pa-

tients with HF indeed prefer a better HRQoL over longer

survival.”*¥ HRQoL is also comparable to other health
outcomes as an indicator for determining health status in
patients with HF.””” Therefore, HRQoL has received
growing interest as an important patient-centered out-
come, which refers to how health status affects a person’s
total well-being, including physical, emotional, and social
dimensions.””” Given the importance of HRQoL as a
health outcome, and combined with findings from prior
research, dietary sodium restriction plays an important
role in determining health status. Furthermore, these find-
ings supported that patients with HF can improve their
HRQOoL in the future by adhering to daily sodium intake
of <2 g. Patient educators can use these findings to show
the link between dietary sodium intake and HRQoL as an
additional rationale for why patients with HF should fol-
low their dietary sodium restriction. It could be empha-
sized in patient education that dietary sodium restriction is
vitally important in maintaining a stable health status for
HF patients.

When the dietary sodium restriction is <2 g daily, the
adherence rate was almost 33% as assessed by the
three-day food diaries.” In addition, at least 15% of pa-
tients consumed a daily sodium intake <2 g based on their
24-hour urinary sodium excretion.”” Congruent with
these findings, our study reported that 27% of patients
consumed <2 g of daily sodium with an average intake of
3.1 g. Likewise, to date, patients with HF did not follow
dietary sodium restriction guidelines well, even though
they received instructions as part of routine care. On the
other hand, this finding indicates that it is difficult for pa-
tients with HF to adhere to dietary sodium restrictions. It
could be proposed that current patient education is in-
adequately prepared to help patients with HF follow so-
dium restrictions. Therefore, specific strategies with de-
tailed instructions should be developed so that patients
with HF understand how to follow and actively engage in
dietary sodium restriction. Self-motivation or self-efficacy
is also required to improve sodium restrictions before pro-
viding education. Health care providers should establish
hands-on strategies that promote self-efficacy so that pa-
tients can be confident in their ability to follow sodium
restrictions.

This study has a number of limitations. These include
limited generalizability. The sample in this study, which

was relatively small and recruited from outpatient HF
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clinics in one regional tertiary medical center located in
Korea, makes it difficult to draw inferences across differ-
ent HF populations. The three-day food diary was used
only one time, reflecting sodium intake for the specified
three-day period only. In addition, sodium intake assessed
by the food diary depended on the participants to accu-
rately record all foods consumed during that period. It is
possible that patients underreport intentionally or
unintentionally. To reduce this limitation, the primary re-
search investigators reviewed the completed food diary
in-depth. Further investigation is needed to determine the
impact of the trajectory or pattern in dietary sodium in-
take on health outcomes among patients with HF through
repeated measurements. The impact of other self-care be-
haviors such as medication adherence or symptom mon-
itoring on HRQoL were not controlled for in this study.
Future research on the link between dietary sodium re-
striction and other health outcomes should address the ef-
fects of other self-care behaviors that may affect the health
status.

In conclusion, the findings of this study provide insight
into the important role of dietary sodium intake in de-
termining the health status of patients with HF who were
clinically stable. This is the first prospective cohort study
to show that greater than 4 g of daily sodium intake neg-
atively impacts HRQoL and independently predicts wor-
sening HRQoL during a one-year follow-up period in pa-
tients with HF who were free from cardiac events. It is rec-
ommended that health care providers convince HF pa-
tients of their ability to adhere to dietary sodium re-
striction to control their health status. Clinicians should
also stress the importance of dietary sodium restriction be-
fore they initiate patient education on this subject. Further
investigation is suggested to build on evidence-based
guidelines about dietary sodium restriction, which may

lead to improved HRQoL for patients with HF.
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