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Abstract

Objective: To assess the impact of baseline dietary self-efficacy on the effect of a dietary
intervention to reduce sodium intake in hemodialysis (HD) patients, and identify determinants of
low dietary self-efficacy.

Design: Post-hoc analysis of the BalanceWise study, a randomized controlled trial that aimed to
reduce dietary sodium intake in HD patients

Setting: 17 dialysis centers in Pennsylvania
Subjects: 151 HD patients
Main Outcome Measures: Dietary self-efficacy and reported dietary sodium density

Analysis: ANOVA with post-hoc group-wise comparison was used to examine the effect of
baseline dietary self-efficacy on changes in reported sodium density in the intervention and control
groups at 8- and 16-weeks. Chi square or independent t-tests or Wilcoxon rank sum tests were
used to identify determinants of low dietary self-efficacy.

Results: The interaction between dietary self-efficacy and impact of the intervention on changes
in reported dietary sodium density approached significance at 8- and 16-weeks (p-int = 0.051 and
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0.06, respectively). Younger age and perceived income inadequacy were significantly associated
with low self-efficacy in HD patients.

Conclusion: The benefits of dietary interventions designed to improve self-efficacy may differ
by baseline self-efficacy status. This may be particularly important for HD patients that are
younger and report inadequate income, as they had lower dietary self-efficacy.

hemodialysis; self-efficacy; social cognitive theory; dietary sodium intake; behavioral intervention

INTRODUCTION

Adherence to dietary recommendations is a key component of preventing and managing
most chronic diseases. The hemodialysis (HD) diet is arguably one of the most complex
and difficult to follow medically prescribed diets,23 making it an excellent model for
studying behavioral approaches to improve dietary adherence. Indeed, HD patients need to
balance the requirements of the conditions that led to kidney disease (usually hypertension
and/or diabetes) with the high-protein, low-fluid, low-sodium, low-phosphorus and low-
potassium dietary requirements of renal replacement therapy, all while dealing with
complicated medication regimens, dialysis treatments, unpleasant symptoms (e.g., fatigue,
pruritis, constipation, anorexia, pain),* and a potential myriad of psychosocial issues (e.g.,
depression, anxiety, and impaired cognition).2# Consequently, it is no surprise that the
majority of HD patients report some difficulty following the recommended diet and
motivating themselves to eat right.2~7

In circumstances such as these, education alone is unlikely to achieve lasting behavior
change.® Social cognitive theory (SCT) posits that behavioral change is affected by a
complex interaction between the person, environment and nature of the required behavior.
910 This theory has been widely used as a treatment model for numerous behavioral
interventions, including dietary interventions.11-1% According to SCT, self-efficacy, defined
as one’s confidence in performing a behavior, is an important determinant of initiating and
maintaining certain behaviors. 910 SCT-based interventions attempt to promote behavior
change, in part, by enhancing self-efficacy for behavior change by building mastery
experiences, emphasizing past successes, social modeling, highlighting the benefits of new
behaviors, and verbal persuasion. 910

Behavioral interventions generally enroll participants on the basis of whether improvements
in the primary outcomes of interest are likely, rather than the appropriateness of the
intervention’s theoretical underpinnings. Given the resources required to design and
implement effective dietary interventions, strategies to identify patients that are likely to
respond to treatment are critically important for research and clinical practice. Although
higher self-efficacy has been shown to be associated with better adherence to dietary
recommendations®16-20, to the best of our knowledge, no study has examined the role of
baseline self-efficacy on the efficacy of dietary interventions. The BalanceWise study was a
16-week, technology-supported, SCT-based randomized controlled trial designed to reduce
dietary sodium intake in HD patients. One hundred and seventy-nine participants were
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randomized. A significant differential change in dietary sodium intake observed at 8 weeks
(372 mg/day; p=0.05) but was not sustained at 16 weeks (191 mg/day; p=0.32).21.22 |n
this secondary data analysis, we evaluated the impact of baseline dietary self-efficacy on
treatment efficacy. We additionally examined whether low dietary self-efficacy was
associated with sociodemographic and clinical variables to identify at-risk groups.

METHODS
DESIGN AND SETTING

Participants in BalanceWise were recruited from 17 dialysis units in Western
Pennsylvania_and randomized to an attention control group or a 16-week technology-
supported SCT-based behavioral intervention designed to reduce dietary sodium intake.
Measurements were obtained at baseline, 8 weeks, and 16 weeks. Recruitment occurred
from September 2009 to September 2012 and the final data collection was completed around
March 2013. The study was reviewed and approved by the Institutional Review Board of the
University of Pittsburgh. Signed informed consent was obtained from all participants.

SAMPLE

To be eligible for the study, participants had to be: 1) over 18 years of age; and 2) receiving
in-center HD for at least 3 months. Individuals were excluded if they: 1) were unable to
read, write, or speak English; 2) could not see personal digital assistant (PDA) or use a
stylus to choose menus on PDA screen; 3) had dementia; 4) planned to change dialysis
center or move out of the area within the next 16 weeks; 5) had a life expectancy of less than
12 months (per the dialysis center dietitian or social worker); 6) lived in an institutional
setting where they had no control over their diet; 7) were unwilling to speak with a study
dietitian 1-2 times/week or document their dietary intake for 16 weeks using the PDA; or 8)
were scheduled to undergo a transplant during the study period. In our analysis, we included
data from 151 (84.4%) participants who had complete baseline data on self-reported dietary
sodium intake and dietary self-efficacy.

MEASURES

Dietary self-efficacy was analyzed at baseline using an investigator-developed 15-item
survey.23 For this report, dietary self-efficacy was calculated as the unweighted sum of 7
items regarding confidence to follow dietary sodium restriction. Using an 11-point Visual
Numeric Scale with responses ranging from 0 (not confident at all) to 100 (very confident),
participants were asked to indicate their level of confidence that, in the next month, they
would be able to limit sodium intake, avoid canned food, avoid table salt, limit processed
meat, read food labels for sodium information, limit salty food, and limit fast food. The
reliability of this scale (Cronbach a = 0.93) has been reported elsewhere.23 Participants were
classified as high or low self-efficacy using the baseline sample median score as the cut
point.

Dietary intakes were estimated at baseline (i.e. pre-intervention), 8-weeks and 16-weeks
using three, unscheduled 24-hour dietary recalls, including 1 dialysis and 1 non-dialysis
weekday, and 1 non-dialysis weekend day. The first two recalls were conducted in person,
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and provided portion-size guidance to estimate dietary intake. To minimize participant’s
burden, the third recall was conducted over the phone. Dietary data were analyzed for
nutrient composition using the Nutrition Data System for Research (NDSR) software.24:25
Daily reported sodium intakes were converted into nutrient densities (mg/1,000 kcal) for all
analyses.

Sociodemographic and clinical characteristics were collected at baseline by questionnaires,
and included age, gender, race, education, duration of dialysis, marital status, employment
status, and whether income met basic living needs.

Statistical Analysis—Responses to the items in the self-efficacy questionnaire were
plotted in a column graph. Participant characteristics were summarized overall, and by self-
efficacy status as mean + standard deviation (SD) for normally distributed continuous
variables, median (interquartile range, IQR) for non-normally distributed continuous
variables, and frequency (percent) for categorical variables. Differences between participants
in the low and high self-efficacy groups were assessed using independent two-sample t-tests,
Wilcoxon rank sum tests and Chi-square tests, as appropriate.

Changes in self-reported dietary sodium density by baseline self-efficacy and treatment
group were plotted in a line graph as means * standard errors, and compared across groups
using one-way analysis of variance with post-hoc Tukey HSD test. The multiplicative
interactions between baseline self-efficacy status (low vs high) and treatment group
allocation (control vs treatment) at 8-weeks and 16-weeks were assessed using multivariable
analysis of variance. Changes in reported self-efficacy among participants in the low self-
efficacy group at baseline were assessed at 8-weeks and 16-weeks, and compared across
treatment groups using Wilcoxon rank sum tests. Of note, few participants were missing
follow up data for self-efficacy in the treatment group at 8-weeks (n=1) and 16-weeks (n=2).

Statistical tests were performed using Statistical Analysis Software (SAS©) 9.3 for
Windows (Cary NC, USA), and graphs were created using GraphPad Prism (GraphPad
Software, La Jolla, CA, USA). The significance level was set as p < .05 for two-tailed
hypothesis testing.

Characteristics of participants overall and by self-efficacy status at baseline are depicted in
Table 1. Briefly, the majority of participants were male (57%), white (65%) and
approximately 60 years of age (SD=13) with a median dialysis vintage of 33 months (IQR:
15-66). Most reported having no post-secondary education (58%), being unemployed (85%)
and unmarried (58%), and having adequate income to meet their basic needs (69%).

The median (IQR) of the baseline self-efficacy scores was 580 (480-660) out of a possible
700 (Figure 1). The majority of participants reported greater than 50% confidence for all of
the items included in the self-efficacy questionnaire, ranging from 107/151 (71%) for
limiting processed meats to 126/151 (83%) for avoiding table salt. There was a strong
positive correlation between self-efficacy scores of the individual items (Spearman’s rho
range 0.38-0.70, p<0.0001).
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As shown in Figure 2, among participants having high baseline self-efficacy, little change in
dietary sodium density was observed regardless of randomization assignment. Larger
changes were observed in those with low baseline self-efficacy, with increases in sodium
density observed at both time points in the control group, and transient reductions in sodium
density observed in the intervention group. The difference between randomization groups
having low baseline self-efficacy was statistically significant (p<0.05) at 8 weeks. The
multiplicative interaction of baseline self-efficacy status and treatment group allocation on
changes in reported dietary sodium density tended towards significance at 8-weeks (p-int. =
0.051) and 16-weeks (p-int. = 0.06).

Compared to participants with low self-efficacy scores at baseline (<580), those with high
self-efficacy scores (>580) were older (63 vs 57 years old, p=0.008), more likely to be
African American (43% vs 28%, p=0.046), and reported that their income was sufficient to
meet their needs (78% vs 61%, p=0.02) (Table 2). When age, race and income adequacy
were analyzed in a multivariable model, age and income adequacy, but not race, remained
significantly associated with self-efficacy status (p <0.05).

DISCUSSION

In this report, we examined the impact of baseline dietary self-efficacy on the intervention
outcome (self-reported dietary sodium density) and its association with sociodemographic
and clinical characteristics in HD patients. Our findings suggest that those with low self-
efficacy may benefit the most from an SCT-based intervention to reduce dietary sodium,
which, if confirmed, could have important implication for research and clinical practice. At
present, most clinical trials and practices identify potential participants based upon the
outcome of interest (e.g., high blood pressure), with little emphasis on the underlying
behavioral constructs (e.g., self-efficacy) that the intervention targets. Given the large
amount of resources required to plan and deliver efficacious dietary interventions in chronic
disease populations, any strategy that can help to identify patients that are likely to respond
to treatment are crucially important.

Overall, HD patients enrolled in the BalanceWise study reported a high level of self-efficacy
to restrict sodium intake, with a median score of 580 out of possible 700. These findings are
consistent with those reported by Zrinyi and colleagues,® who found among 107 HD
patients in Switzerland, the mean self-efficacy level was moderately high (110 out of 150).
Analyzing each item separately showed that HD patients reported least confidence in
limiting processed meat, followed by limiting salty snacks, and were most confident in
avoiding table salt. This suggests that interventions to restrict sodium intake in HD patients
may want to focus on strategies to enhance confidence for limiting processed meat and salty
snacks.

Among the sociodemographic variables collected in the BalanceWise study, younger age and
perceived income inadequacy were associated with low dietary self-efficacy level in HD
patients. Park et al.28 also found significantly lower confidence to follow dietary
recommendations among younger HD patients. It is possible that younger HD patients are
more likely to dine out and socialize with friends, thus have less confidence to follow their
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dietary recommendations. 2:>8.26 Consistent with our findings, Chan and colleagues'®
reported that low income is a significant predictor of low confidence to follow a healthy
lifestyle, in general. Perceived financial hardship may exist among HD patients making it
less likely for them to purchase the generally more expensive, unprocessed food products
that are relatively low in sodium.

STRENGTHS AND LIMITATIONS

BalanceWise included a robust, diverse sample of patients recruited from multiple dialysis
units located in Western Pennsylvania. Despite the morbidity and mortality associated with
end stage kidney disease and the complex nature of the treatment regimen, there were
relatively few losses to follow up. We were unable to find similar studies that examined the
role of baseline self-efficacy on intervention efficacy and, thus, the findings presented here
are novel.

However, the following limitations should be considered in drawing conclusions from this
analysis. The current analysis is post hoc and subject to the problem of multiple testing. In
addition, use of self-reported dietary intakes for analysis of dietary sodium density is subject
to measurement error. Unfortunately, objective biomarkers of sodium intake, namely 24-
hour urinary sodium output, are not valid in individuals with advanced renal failure who
produce little or no urine. In order to minimize error and bias in dietary reporting,
participants received training on portion size estimation, and recalls were unscheduled and
collected across dialysis treatment and week days at each time point.

PRACTICAL APPLICATION

In this study, we found that participants with low level of self-efficacy appeared to benefit
most from a behavioral intervention trial. Given the need to stretch research and healthcare
resources, this finding may have far-reaching implications for planning efficacious
interventions. Although evaluating patient self-efficacy may seem impractical for the busy
dietitian, approaches to identify the right dietary intervention for the patient (i.e.
personalized nutrition) may help to improve efficiency and effectiveness, as time is not spent
delivering interventions that are unlikely to result in lasting behavior change. This is, in fact,
already standard practice, as patients are typically selected for specific dietary interventions
based on perceived risk, or ongoing problems with a disease outcome. We have identified
two sociodemographic factors associated with low dietary self-efficacy (and perhaps more
likely to respond to an SCT-based approach) in HD patients, younger age and perceived
income inadequacy. Additional research in this area may help to streamline efforts to deliver
tailored and patient-centered behavioral approaches for patient care, and ultimately improve
health outcomes.
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Figure 1.
Self-Efficacy for Each Survey Item based on an 11-point Likert Scale Ranging from Not

Confident At All (0) to Completely Confident (100)
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Changes in Reported Dietary Sodium Density by Baseline Dietary Self-Efficacy and
Treatment Group
Note: SE: self-efficacy;cntrl: control;tx: treatment
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Characteristics of Study Participants

Variables n Values
Age, years: mean+SD 151 60+13
Dialysis vintage, months: median (IQR) 137 33 (15-66)
Male gender: n(%) 151 86 (57%)
Currently married: n (%) 151 63 (42%)
African American race: n(%) 150 53 (35%)
More than high school education: n(%) 151 63 (42%)
Income meets needs: n(%) 144 100 (69%)
Currently employed: n(%) 151 22 (15%)

SD: standard deviation; IQR: interquartile range
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Table 2.

Comparison of Participant Characteristics by Baseline Self-Efficacy Status

Variables® Low Self-Efficacy  High Self-Efficacy  p-value
(n=76) (n=75)

Age, years 57+13 63+13 .008
Dialysis vintage, months 39 (15-71) 31 (15-63) .68
Male gender 43 (57%) 43 (57%) .93
Currently married 33 (43%) 30 (40%) .67
African American race 55 (72%) 42 (57%) .046
More than high school education 31 (41%) 32 (43%) .82
Income meets needs 43 (61%) 57 (78%) .02
Currently employed 13 (17%) 9 (12%) .37

*
Values are presented as mean + standard deviation or median (interquartile range) or n (%).
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