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ABSTRACT

Background: Hemodialysis patients need to make decisions about vascular access and diet that they may
not fully understand. In this study, we hypothesized that patients with low health literacy are likely to choose
a central venous catheter (CVC) and have higher serum potassium (K), serum phosphate (P), and inter-dialysis
weight gains (IDWG). Objective: Primarily, the study sought to describe the health literacy of patients treated
with hemodialysis in a Canadian tertiary care center. The secondary objective was to describe the association
between health literacy and permanent vascular access choice, hyperkalemia, hyperphosphatemia, and IDWG.
Methods: Adult patients receiving hemodialysis for more than 6 months were included. Health literacy was
assessed with the Newest Vital Sign (NVS) test. Vascular access type and reasons for CVC use were determined.
Serum K, P, and IDWG were collected retrospectively for 6 months. Student’s t test and logistic regression
were used to determine the association between health literacy (NVS score < 4 versus > 4) and CVC choice,
hyperkalemia, hyperphosphatemia, and high IDWG. Key Results: Fifty-six patients were involved. The average
NVS score was 2.9. Overall, 66% of the patients had a CVC; one-third had chosen this access themselves. Poor
control of K, P, and IDWG was experienced by 27%, 55%, and 36% of patients, respectively. The average NVS
score was lower for patients choosing a CVC (p = .001), but not different for those with higher K, P, or IDWG.
None of the patients who chose a CVC had adequate health literacy (NVS > 4). Conclusions: Patients with
low health literacy, who are eligible for both surgically created vascular access (fistula or graft) and CVC, are
more likely to refuse fistula/graft creation compared to patients with adequate health literacy. Different edu-
cational strategies for such patients may help in appropriate decision-making. [Health Literacy Research and
Practice.2017;1(3):e136-e144.]

Plain Language Summary: This study suggests that more than one-half of patients who receive hemodialysis
may not understand all the information provided by their health care team. Despite a higher risk of compli-
cations with a central venous catheter, patients with lower health literacy prefer the catheter over fistula as
their blood access for hemodialysis. We need to explore patient education to ensure that information is easy
to understand.

The Canadian Public Health Association defines health
literacy as the ability to access, understand, evaluate, and
communicate information as a way to promote, maintain,
and improve health in a variety of settings across the life
course (Rootman & Gordon-El-Bihnety, 2008). It is esti-
mated that 60% of adult Canadians lack the skills to man-
age their health literacy needs (Hoffman-Goetz, Donelle,
& Ahmed, 2014). The most vulnerable groups among
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these are seniors, immigrants, and the unemployed, who
all score far below the national average (Hoffman-Goetz,
Donelle, & Ahmed, 2014).

Low health literacy skills are associated with poor dis-
ease knowledge and self-care abilities, difficulties making
health-related decisions, increased morbidity and mortality,
and higher health care costs (Berkman, Sheridan, Donahue,
Halpern, & Crotty, 2011; Cavanaugh etal., 2015; Cavanaugh
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et al., 2010; Gazmararian, Williams, Peel, & Baker, 2003;
Geboers, de Winter, Spoorenberg, Wynia, & Reijneveld,
2016; Green et al., 2013; Heijmans, Waverijn, Rademakers,
van der Vaart, & Rijken, 2015; Howard, Gazmararian, &
Parker, 2005; Matsuoka et al., 2016; Weiss & Palmer, 2004;
Williams, Baker, Parker, & Nurss, 1998). However, there
is a lack of data linking low health literacy to decisions as-
sociated with poor clinical outcomes. Patients treated with
hemodialysis are required to make complex choices regard-
ing their vascular access and dietary regimen. Patients who
use a central venous catheter (CVC) as a permanent he-
modialysis vascular access are at higher risk for all-cause
mortality, fatal infection, and cardiovascular events com-
pared to patients with usable arteriovenous fistula (AVF)
or arteriovenous graft (AVG) (Grubbs, Wasse, Vittinghoff,
Grimes, & Johansen, 2014; Ravani et al., 2013; Zhang, Al-
Jaishi, Na, de Sa, & Moist, 2014). For these reasons, there
have been tremendous efforts to increase AVF/AVG use. As
a result, in the United States, 68% of patients treated with
hemodialysis are now using an AVF, and only 15% are us-
ing a CVC for dialysis. However, in Canada, CVC use is
still about 45% (Pisoni, Zepel, Port, & Robinson, 2015).
Similarly, poor dietary decisions can lead to poor control
of potassium (K), phosphate (P), and large inter-dialysis
weight gains (IDWG) that may also contribute to morbid-
ity and mortality. High dietary K and P intake in patients
treated with hemodialysis increases the risk of cardiac ar-

rhythmia and sudden cardiac death (hyperkalemia) and
metastatic calcification and progression of atherosclerosis
(hyperphosphatemia) (Block, Hulbert-Shearon, Levin, &
Port, 1998; Noori et al., 2010; Wu, Lee, & Wang, 2015).
High sodium and fluid intake in dialysis patients leads to
large IDWG necessitating high fluid removal rates to pre-
vent volume overload. Rapid fluid removal during hemodi-
alysis has been implicated in the development of myocar-
dial stunning (Breidthardt, et al., 2012; Brown, Burrows,
Pruett, & Burrows, 2015).

The primary aim of this hypothesis-generating study
was to describe the health literacy of patients treated with
hemodialysis in a tertiary care Canadian center and sec-
ondarily to describe the association between health literacy
and (1) permanent vascular access choice and (2) dietary
measures (hyperkalemia, hyperphosphatemia, and high
IDWG). We hypothesized that patients with low health lit-
eracy skills would be more likely to choose a CVC and have
worse potassium, phosphate, and fluid control compared to
patients with adequate health literacy.

METHODS
Patient Population

Adult patients, with end stage renal disease (ESRD)
being treated with hemodialysis 3 times per week at The
Ottawa Hospital (Ontario, Canada), were screened for
study participation if they had been on dialysis for more
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than 6 months. We chose the 6-month period to allow
enough time for the initial education that is, in our cen-
ter, provided to all new patients treated with hemodialysis
and/or their families. The education focuses on the pros
and cons of each type of vascular access, as well as re-
nal dietary restrictions. Initial vascular access education is
provided by a coordinator and/or physician and reassessed
at regular intervals. Initial education about diet is provided
by a registered dietician and reassessed monthly.

Patients were excluded if they (1) were not fluent in
English or Spanish (Newest Vital Sign [NVS], the health
literacy tool we used in this study, was validated only in
English and Spanish); (2) had moderate or severe dementia
(Mini-Mental State Examination < 18) to minimize con-
founding due to cognitive dysfunction; (3) had severe vi-
sion/hearing impairment; (4) were too unwell to participate
in the study; or (5) were unwilling or unable to provide
written informed consent. The study was reviewed and ap-
proved by the Ottawa Hospital Science Network Research
Ethics Board (protocol # 20140426-01H).

Measurement and Data Collection

After providing written consent, basic demographic data
including age, sex, race, dialysis vintage, and comorbidities
[calculated as Charlson comorbidity index adapted for pa-
tients with ESRD (Charlson, Pompei, Ales, & MacKenzie,
1987; Hemmelgarn, Manns, Quan, & Ghali, 2003)] were
recorded. Type of vascular access and the reasons for CVC
use, such as patient choice, imminent transfer to another
treatment modality, or lack of surgical options, were col-
lected from the electronic health record and from the vas-
cular access coordinator at The Ottawa Hospital.

Data on IDWG, pre-dialysis serum potassium and phos-
phate levels over the 6 months prior to the patient’s date of
informed consent were extracted from the electronic medi-
cal record. IDWG was calculated as a percentage of the
patient’s target weight (TW). At least one IDWG greater
than 5% of TW, serum K concentration > 6 mmol/L, and
serum P concentration > 2 mmol/L were considered poor
fluid and diet management.

Assessment of a Patient’s Eligibility for a Surgically
Created Access

Generally, a surgically created access (AVF or AVG)
was not indicated if there was an expected imminent (with-
in 3 months) transfer to another treatment modality (peri-
toneal dialysis or renal transplant) or AVF/AVG creation
was contraindicated for medical reasons such as frailty, se-
vere cardiac failure with ejection fraction < 30%, poor over-
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all prognosis (< 6 months), and/or inadequate arm vascula-
ture. The patient’s fitness for AVF/AVG was first assessed by
the responsible dialysis physician. Risks and benefits of the
different vascular access options were reviewed and potential
candidates were then referred to the vascular access clinic
where a vascular surgeon made the final decision on patient’s
eligibility for AVF or AVG creation. Although patients were
encouraged to consider a surgically created access, ultimate-
ly patients chose their type of vascular access.

Assessment of Health Literacy

Health literacy was assessed with the NVS test. NVS is
a validated health literacy tool that tests the ability to read
and apply information from a nutrition label. It consists of
six items, each scoring one point. A score of >4 on the NVS
is considered adequate health literacy. A score of 2 and 3
indicates the possibility of limited health literacy, and a score
< 2 suggests a high likelihood of having inadequate health
literacy skills (Weiss et al., 2005). In our study, we consid-
ered a score of < 4 as low health literacy. NVS was adminis-
tered during dialysis sessions by trained study personnel in a
private area of the clinic. All patients were in stable condition
at the time of health literacy screening.

Outcomes

The primary outcome of our study was to describe the
health literacy of patients treated with hemodialysis at The
Ottawa Hospital, a Canadian tertiary care hospital. Our sec-
ondary outcomes were to determine the association between
low health literacy (NVS < 4) and (1) the use of a CVC
as the vascular access by patient choice, (2) hyperkalemia
(K> 6 mmol/L), (3) hyperphosphatemia (P > 2 mmol/L), and
(4) high IDWG (> 5% of target weight).

Statistical Analyses

Summary descriptive statistics for the study population
including mean and standard deviation or median and in-
terquartile range as appropriate were calculated. Student’s
t-test was used to compare selected variables between pa-
tients with adequate (NVS > 4) versus low/limited health
literacy (NVS < 4). The average NVS score was calculated
for (1) patients who chose a CVC as their primary access,
(2) had poor K control (> 6 mmol/L at least once in the pre-
ceding 6 months), (3) had poor P control (> 2 mmol/L at least
once in the preceding 6 months), (4) had poor fluid manage-
ment (IDWG > 5% of TW at least once in the preceding 6
months), and compared with a Student’s ¢ test. Lastly, odds
ratios were calculated for these same variables for patients
with adequate (NVS > 4) versus low/limited health literacy
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Figure 1.Creation of study cohort.

(NVS < 4). All analyses were conducted with SAS (Version
9.4, SAS Inc. Cary, NC).

RESULTS
Study Population and Baseline Characteristics

From 218 screened patients that had been treated with
hemodialysis for more than 6 months, 162 patients did not
meet enrollment criteria and were excluded (Figure 1). The
baseline characteristics of the study cohort are presented in
Table 1. Of 56 enrolled patients, most participants (63%)
were men and had been treated with hemodialysis for more
than 3 years. The average Charlson comorbidity index was 4.
Thirty-seven of the 56 patients (66%) were using a CVC as
a primary vascular access of which 12 patients had chosen
this access type despite being candidates for AVF or AVG
creation. Their characteristics are summarized in Table 2.
Among the 12 patients who preferred a CVC over surgically
created access, 4 reported fears of needles, 2 reported fear of
witnessed AVF complications, and 6 patients did not attend
or follow-up with the vascular access clinic without giving
us any specific reason. From our electronic medical record,
most of these 6 patients stated that they are content with the
CVC and were not willing to pursue AVF/AVG.

Health Literacy and Patients’ Characteristics Associated
with Low NVS Score

The overall average NVS score was 2.9 + 2.1 (out of 6).
Twenty-five patients (45%) had adequate health literacy
skills (NVS > 4) and 31 patients (55%) had a low score
(< 4) on the NVS test, indicating limited or inadequate
health literacy skills. Patients with low health literacy were
older (p = .07) and had a significantly higher degree of co-
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morbid illnesses, with an average Charlson comorbidity in-
dex of 4.9 compared to 2.9 in the group of patients with
adequate health literacy (p = .007).

Clinical Outcome of Patients with Adequate and Low
Health Literacy

There was no difference in overall CVC use between ad-
equate and low health literacy groups. However, none of the
patients who had chosen a CVC despite being a good candi-
date for an AVF or AVG had adequate health literacy skills
(Table 1 and Figure 2) The two groups did not differ in av-
erage pre-dialysis K, P, and IDWG (Table 1 and Figure 2).
Poor control of K (at least one value above 6 mmol/L),
P (at least one value above 2 mmol/L), and IDWG (at least
one IDWG above 5% of TW) in the preceding 6 months was
experienced by 27%, 55%, and 36% of patients, respective-
ly. The average NVS score was not different for those with
higher K, P, and IDWG, but was different for patients choos-
ing a CVC (p = .001) (Table 3). Neither was using logistic
regression NVS score was associated with poor control of
K (OR 0.95 [0.30-3.06]), P [OR 1.05 (0.36-3.03)], or IDWG
(OR 1.34 [0.44-4.07]).

DISCUSSION

In this study of 56 patients treated with hemodialysis, we
found that more than one-half lacked adequate health litera-
cy skills. Patients with low health literacy appear to be older
and have a higher degree of comorbid illnesses compared
to patients with adequate health literacy. Patient with lower
health literacy were more likely to choose a CVC even if
they were good candidates for an AVF/AVG creation. There
was no association between health literacy and pre-dialysis
serum levels of K, P, or IDWG. To our knowledge, this is
the first report on the association of health literacy and the
choice of vascular access in a population of Canadian pa-
tients who are treated with hemodialysis.

Limited health literacy is common among patients treat-
ed with hemodialysis with an overall prevalence of 27%
(Fraser et al., 2013; Taylor et al., 2017). In our study, a
much higher proportion (55%) of patients treated with he-
modialysis lack adequate health literacy skills. This may be
secondary to real differences or the use of different health
literacy screening tools in each of the studies. In keeping
with this hypothesis, a previously published US study that
tested a non-dialysis chronic kidney disease population by
NVS reported the prevalence of limited health literacy as
63% (Devraj et al., 2015).

‘We chose NVS for two reasons. First, the NVS tests the
ability to read and understand a nutrition label, which is a
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TABLE 1
Characteristics of the Study Population
Adequate HL Low HL pvalue

Characteristic All (N =56) (NVS = 4); (N=25) (NVS < 4); (N=31) | (Adequate vs. Low HL)

Age, years; mean (SD) 62.6 (15.8) 58.3(15.8) 66 (15.3) .07

Men; n (%) 35(62.5) 15 (60) 20 (64.5) .79

Ethnic minority; n (%) 9(16.1) 2(8) 7 (22.6) 14

HD vintage, months; median (IQR) 36.5 (13-66) 34 (6-55) 45 (21-92) 23

Charlson comorbidity index; mean 4.0(2.8) 29(2.7) 49 (2.6) .007

(SD)

Overall CVC2 n (%) 37 (66.1) 16 (64) 21(67.7) .79

CVC as patient choice;® n (%) 12(21.4) 0(0) 12 (38.7) <.001

K, mmol/L; mean (SD) 4.8 (0.5) 4.8 (0.4) 4.9(0.5) 77

P, mmol/L; mean (SD) 1.7 (0.4) 1.7 (0.3) 1.7 (0.4) .87

IDWG, % of TW, mean (SD) 2.6(0.9) 2.8(1) 2.5(0.9) .26
Note. CVC = central venous catheter; HD = hemodialysis; HL= health literacy; IDWG = inter-dialysis weight gain; IQR = interquartile range; K = serum potassium; NVS = Newest Vital Sign;
P = serum phosphate; SD = standard deviation; TW = target weight.
“Total number of patients with CVC.
BCVC as patient’s choice even if considered a good candidate for arteriovenous fistula/graft.

critical self-management skill for a dialysis patient. Second,
health literacy consists of several components including
reading, writing, listening, speaking, cultural knowledge, and
numeracy. The evaluation of numeracy in the NVS offers an
additional advantage as many of the functional tasks patients
are required to perform involve manipulation of numbers.
Even patients who are highly educated and literate may have
difficulty with understanding numbers (Shealy & Threatt,
2016). Approximately 55% of Canadian adults lack the nu-
meracy skills to meet to demands of everyday life (Statistics
Canada, 2005). Thus, NVS eliminates the ceiling effects of
other non-numeracy health literacy screening tools (Morri-
son, Schapira, Hoffmann, & Brousseau, 2014; Rothman et al.,
2006; Wright Nunes, Osborn, Ikizler, & Cavanaugh, 2015).
Several baseline characteristics of patients treated with
hemodialysis have been shown to be associated with low
health literacy: ethnic minorities, lower education attain-
ment, lower income, older age, and greater level of comor-
bidity (Cavanaugh, et al., 2010; Green, et al., 2011; Grubbs,
Gregorich, Perez-Stable, & Hsu, 2009). In our study, we
specifically looked at age, sex, race, dialysis vintage, and
the Charlson comorbidity index. Consistent with previous
studies, we found that patients with lower health literacy are
more likely to be older and have significantly higher comor-
bidity burden. We did not assess education level; therefore,
it is difficult to determine if older age is a marker of a lower
level of education attained and/or subtle cognitive changes
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TABLE 2

Characteristics of the Patients Who
Have Chosen Central Venous Catheter
Despite Being Good Candidates for
Arteriovenous Fistula or Graft

Patients Who “Choose”
vc

Characteristic w=12
Age, years; mean (SD) 62(12.8)
Men; n (%) 7 (58.3)
Ethnic minority; n (%) 3(25)
HD vintage, months; median (IQR) 40 (22-55)
Charlson comorbidity index; mean 5.1(2.2)
(SD)
K, mmol/L; mean (SD) 4.6 (0.4)
P, mmol/L; mean (SD) 1.8(0.4)
IDWG, % of TW, mean (SD) 2.3(0.9)

Note. CVC = central venous catheter; HD = hemodialysis; HL= health literacy;
IDWG = inter-dialysis weight gain; IQR = interquartile range; K = serum potassium;
P = serum phosphate; SD = standard deviation; TW = target weight.

that may contribute to lower health literacy scores. The asso-
ciation between higher comorbidity burden and lower health
literacy may also be secondary to subtle cognitive dysfunc-
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Figure 2. Clinical outcomes of patients with adequate and low health literacy. CVC = central venous catheter; HL = health literacy; IDWG = inter-

dialysis weight gains; K = serum potassium.

TABLE 3

NVS Test Average for CVC Choice, High Potassium,
High Phosphate, and High Inter-dialysis Weight Gain

Variable Yes (No. of Patients) No (No. of Patients) p\Value
CVC choice 1172(12) 3.64° (25) .001
K (at least one value >6 mmol/L) 3.13(16) 2.88 (40) 697
P (at least one value >2 mmol/L) 3.16 (31) 2.68 (25) 409
IDWG (at least one value >5% TW) 2.75 (20) 3.06 (36) 614

*Patients who were good candidates for both CVC and fistula/graft, but chose CVC.

Note. CVC = central venous catheter; IDWG = inter-dialysis weight gain; K = serum potassium; NVS = Newest Vital Sign; P = serum phosphate; TW = target weight.

"Patients with CVC who were not good candidates for fistula or graft, or who were awaiting an imminent treatment modality change (to peritoneal dialysis or transplant).

tion. Lastly, as a form of reverse causation, it is interesting
to speculate that perhaps lower health literacy may lead to a
greater risk of poor health choices that increase the risk for
disease states.

There is limited information on choice of vascular access
by patients treated with hemodialysis and health literacy. In
a cross-sectional US study, patients dialyzing with AVF or
AVG (as compared to CVC) were more likely to demonstrate
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limited health literacy in unadjusted analysis, however, fur-
ther analyses suggested that this association was driven by
study site (Green, et al., 2011). In another US cross-sectional
study, low health literacy was associated with a 5-fold great-
er likelihood of CVC use compared to a surgically created
vascular access, even after adjustment for age, gender, race,
and years of dialysis (Cavanaugh et al., 2010). There are a
few important differences between that study and ours, in-
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cluding a younger patient population surveyed (average
age 5lyears), a higher percentage of African Americans
(74%), and no adjustment for previous access history that
may limit surgical options. Another study (by the same
author) included 490 chronic incidents of patients treat-
ed with hemodialysis and concluded that lower dialysis
knowledge is associated with CVC use. Patients who
scored the equivalent of one standard deviation higher on
the CHeKS (Chronic Hemodialysis Knowledge Survey)
were 25% more likely to use an AVF or AVG at initiation
of dialysis (Cavanaugh, Wingard, Hakim, Elasy, & Ikizler,
2009).

In our study of patients treated with hemodialysis, the
overall CVC use was not different between adequate and
low health literate groups. However, after excluding pa-
tients who were not candidates for a surgically created
vascular access, or were awaiting an imminent transfer to
another treatment modality (peritoneal dialysis or trans-
plant), we found that none of the patients with adequate
health literacy skills were using a CVC. This is an inter-
esting finding as it suggests that the dialysis education we
provide for our patients who are treated with hemodialy-
sis may not be appropriate for less advanced learners. In
other studies designed to identify the predictors of patient
vascular access preference, sociocultural factors appear to
be playing an important role and they may be modifiable
(Fissell et al., 2013; Xi et al., 2011).

We anticipated that low health literacy would be asso-
ciated with poor compliance with the dialysis diet due to
a lack of understanding as demonstrated by poor K, P, and
volume control. However, our study did not support this
hypothesis as we did not find any differences between the
adequate and low health literacy groups. Our small sample
size and lack of information about residual renal function
may have prevented us from detecting a significant differ-
ence by health literacy status. Alternatively, it is possible
that the information provided by our registered dietitians
is comprehensible for all patients. Conversely, the lack of
a discernable difference between dietary measures may
also imply that both patient groups do not understand the
implications of poor diet choices. To our knowledge, no
other study has addressed the impact of health literacy
in the population of patients treated with hemodialysis at
risk of hyperkalemia, hyperphosphatemia, and high inter-
dialysis weight gains. However, limited health literacy has
been associated with an increased incidence of missed di-
alysis treatments, emergency department visits, and hos-
pitalizations due to ESRD-related complications (Green,
etal., 2013).
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Our study has several limitations including an inability
to adjust for potential confounding variables secondary to
our small sample size. Our cross-sectional study design
prohibited us from increasing the number of participants.
We had to exclude a significant number of patients be-
cause of language barrier and dementia. Although cogni-
tive impairment is common and undiagnosed in the popu-
lation of patients treated with hemodialysis, (Murray et
al., 2006) a high proportion of patients with moderate and
severe dementia in our center could be due to the fact
that patients with preserved cognitive function tend to do
home dialysis (peritoneal or hemodialysis) or are treated
in our satellite dialysis units. We examined dietary mea-
sures over a relatively short window (6 months) and this
may not adequately capture events. Socioeconomic fac-
tors, which are associated with health literacy, were not
measured in our study. The observational nature of our
study limits our conclusions to association and not causa-
tion.

In conclusion, our study suggests that low health lit-
eracy is a common problem that extends to the Canadian
population of patients who are treated with hemodialysis
and is associated with inappropriate vascular access de-
cisions that may lead to unfavorable clinical outcomes.
Health literacy-friendly strategies may need to be incor-
porated into our patient education sessions with a goal to
decrease CVC utilization. However, larger studies with
the ability to adjust for potential confounding variables
are necessary before making any definitive conclusions.
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