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Background and objectives: Patient knowledge about chronic hemodialysis (CHD) is important for effective self-manage-
ment behaviors, but little is known about its association with vascular access use.

Design, setting, participants, & measurements: Prospective cohort of adult incident CHD patients from May 2002 until
November 2005 and followed for 6 mo after initiation of hemodialysis (HD). Patient knowledge was measured using the
Chronic Hemodialysis Knowledge Survey (CHeKS). The primary outcome was dialysis access type at: baseline, 3 mo, and 6
mo after HD initiation. Secondary outcomes included anemia, nutritional, and mineral laboratory measures.

Results: In 490 patients, the median (interquartile range) CHeKS score (0 to 100%) was 65%[52% to 78%]. Lower scores were
associated with older age, fewer years of education, and nonwhite race. Patients with CHeKS scores 20 percentage points
higher were more likely to use an arteriovenous fistula or graft compared with a catheter at HD initiation and 6 mo after
adjustment for age, sex, race, education, and diabetes mellitus. No statistically significant associations were found between
knowledge and laboratory outcome measures, except for a moderate association with serum albumin. Potential limitations
include residual confounding and an underpowered study to determine associations with some clinical measures.

Conclusions: Patients with less dialysis knowledge may be less likely to use an arteriovenous access for dialysis at initiation
and after starting hemodialysis. Additional studies are needed to explore the impact of patient dialysis knowledge, and its

improvement after educational interventions, on vascular access in hemodialysis.
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ialysis access is a critical part of the care of chronic

D hemodialysis (CHD) patients. Lower mortality has
been associated with use of an arteriovenous fistula

(AVF) or graft (AVG) compared with use of a catheter (1-3),
and mortality risk is lowered if patients change from using a
catheter to an AVF or AVG (4). Although fistula use has been
increasing, in 2004 only 41% of prevalent CHD patients were
using an AVF and another 35% used an AVG for dialysis access
(5). Importantly, a large proportion of patients used a catheter
for dialysis access. This high prevalence of catheter use is
aggravated by the more than 80% of CHD patients who use a
dialysis catheter for their first outpatient dialysis treatment (5).
Increasing access-related patient education has been sug-
gested as a fundamental process to improve AVF use (6), and
patient education is recommended by the National Kidney
Foundation’s Kidney Disease Outcomes Quality Initiative
(NKF-KDOQI) and the American Nephrology Nurses” Associ-
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ation to encourage patient empowerment and improve clinical
outcomes (7,8). Both CHD patients and providers report that
ongoing patient education is a top priority for comprehensive
dialysis care (9-11).

Patient education has been associated with improved out-
comes in complex chronic diseases such as diabetes mellitus,
dyslipidemia, and congestive heart failure (12-15). Improve-
ment in patient knowledge has frequently been described as a
primary outcome in randomized clinical trials evaluating kid-
ney disease patient education (16). However, only a few small
studies have demonstrated that higher knowledge in dialysis
patients is associated with adherence to dialysis prescription
and dietary recommendations (17,18), improved phosphorus
management (19,20), control of comorbid disease (21), and bet-
ter self-reported mental function (22). Little is known about the
relationship between patient knowledge and vascular access at
the time of, and the period following, maintenance hemodial-
ysis initiation.

We measured patient knowledge of hemodialysis care as part
of a multidisciplinary disease- management education program
for incident CHD patients (23). The primary objective of this
study is to describe patient hemodialysis knowledge, charac-
teristics of patients with lower knowledge, and associations
between knowledge and vascular access use in incident CHD
patients.
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Materials and Methods
Study Design and Population

The RightStart (RS) program prospectively enrolled 901 incident
adult CHD patients within two weeks after the initiation of out-
patient dialysis from 38 participating clinics across the United States.
Enrollment occurred from May 2002 until November 2005. Inclusion
criteria were all CHD patients who were age 18 yr or greater and
received hemodialysis therapy at a participating clinic for the study
period. Exclusion criteria included seasonal or transient patients
and those with poor cognitive function, as judged by the staff of
the RS program, with the majority being nursing home residents.
From within this cohort, all patients who had an assessment of
dialysis care knowledge at the time of enrollment and documenta-
tion about type of access used at dialysis initiation were included in
this study.

The Institutional Review Board of Vanderbilt University Medical
Center approved this as an exempted study.

Knowledge Measurement

The Chronic Hemodialysis Knowledge Survey (CHeKS) was de-
veloped to evaluate patient knowledge about important issues in
CHD care including dialysis adequacy, nutrition, anemia, access
care, medications, and safety. Item content was determined by mul-
tidisciplinary experts of hemodialysis care including nephrologists,
dialysis nurses, social workers, renal dietitians, and CHD patients.
The scale included 23 multiple-choice items, with only one correct
response (Figure 1) (see Supplemental Appendix for complete sur-
vey). The scores were reported as percent correct with a possible
range of 0% to 100% with each item contributing equally. The
readability of the survey by the Flesch Reading Ease score was 65.4
and the Flesh-Kincaid Grade Level was 5.8 (Microsoft Office, version
2003; Microsoft, Redmond, Washington). Administration of the sur-
vey without time limitations was performed by either the unit case
management or trained research staff.

Data Collection

Participant demographic information was collected from the elec-
tronic medical record. The primary clinical outcome, access type used,
and secondary clinical measures including hematocrit, serum albumin,
phosphorus, transferrin saturation, and intact-parathyroid hormone
were collected from the medical record at baseline, 3 mo, and 6 mo after
dialysis initiation.

1. Your doctor tells you that your hematocrit is 25%.
This may cause you to feel:
O pain in your bones
[ ringing in your ears
O tired and worn out
O kidney pain

2. You are ordering food from a restaurant menu.
Which item below is best for you to avoid to control your potassium?
O Steamed rice
O Corn
[0 Baked potato
O Noodles

3. The preferred dialysis access that has the least chance of problems is a:
[ Fistula
O Graft
O Tubule
O cCatheter

Figure 1. CHeKS Question Examples.
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Statistical Analysis

Descriptive statistics of patient characteristics and CHeKS scores
were performed and presented as either median (interquartile range) or
proportion of the total patient population. Knowledge survey respon-
siveness was assessed in patients who completed the CHeKS both at
baseline and 3 mo after dialysis initiation by comparing the two scores
with the Wilcoxon signed-rank test for paired observations. Internal
consistency of the survey was determined by the Kuder-Richardson
coefficient (KR-20) of reliability = 0.79 (24), a measure of reliability
similar to the Cronbach’s alpha used for scales with dichotomous
responses. Using principal components factor analysis, we identified
only one factor, or domain, for the CHeKS survey. The Eigen value was
equal to 3.4 and this factor explained greater than 83% of the variance
of the survey. Therefore, none of the 23 items was omitted from the
knowledge test. Construct validity of the CHeKS survey was assessed
by evaluation of an a priori model of correlation, hypothesizing that
younger age (25,26), more years of education (27), and lower baseline
serum phosphorus (20) would be moderately associated with higher
knowledge scores.

Baseline CHeKS scores were evaluated for associations with clinical
measures both as raw values and also categorized as either meeting or
not meeting common goals described in the K/DOQI guidelines for
hemodialysis quality measures (28). Associations were evaluated with
Spearman’s x> or Wilcoxon-rank sum test, as appropriate. Additionally,
associations between use of an AVF or AVG and CHeKS score were
determined by using the Cuzick nonparametric test for trend across
CHeKS score quintiles (29). Logistic regression analysis was performed
to determine the association between CHeKS score and vascular access
use at baseline, 3 mo, and 6 mo after enrollment, with a priori adjust-
ment for potential confounding variables including age, sex, race, ed-
ucation, and the diagnosis of diabetes mellitus. Subjects with missing
data were not included in the analyses. Logistic regression models did
not demonstrate evidence of collinearity between covariates and were
satisfactory by the Hosmer-Lemeshow goodness-of-fit test (30). Evalu-
ation for effect moderation by education level in the adjusted analyses
was determined by assessment of p-values for interaction. All tests
were two-tailed and a p-value of less than 0.05 was considered statis-
tically significant. All statistical analyses were performed with Stata 8.0
(StataCorp, College Station, Texas).

Results
Study Population

A total of 490 incident CHD patients completed the baseline
CHeKS and had baseline measures available. Patient character-
istics are presented in Table 1. The median age was 64 yr, 46%
were female, and 33% were African American. The majority of
the patients had completed high school (75%) and more than
50% had a diagnosis of diabetes mellitus. The characteristics of
the patients in this study did not have any statistically signifi-
cant differences compared with the 411 patients who were
excluded from the original cohort because they lacked baseline
information about either knowledge score or access type.

Baseline clinical characteristics were also measured and are
shown in Table 1. The median (interquartile range [IQR]) were
hematocrit of 31.5% (28.5% to 34.5%), serum albumin of 3.5 (3.2
to 3.9) g/dl, and serum phosphorus of 4.7 (3.9 to 5.9) mg/dl. At
initiation of dialysis, only 26% of patients were using an AVF or
AVG for dialysis access. The proportion of patients using an
AVF or AVG increased over the study period to 41% and 58%
at 3 mo and 6 mo, respectively.
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Table 1. Patient characteristics®

Median [IQR] or

Characteristic n = 490 n (%)

Age (years) (n = 488)
% Female (n = 489)
Race (n = 454)

64 [53-74]
226 (46%)

% White 266 (58%)
% African American 148 (33%)
% Other 40 (9%)
% Married (n = 419) 212 (51%)
% Education < High School 116 (25%)
(n = 458)
% Diabetes Mellitus 275 (56%)

Baseline clinical characteristics
Hematocrit (%) (n = 475)
Albumin (g/dl) (n = 475) 3.5[3.2-3.9]
Phosphorus (mg/dl) (n = 475) 4.7 [3.9-5.9]
Tranferrin saturation (%) (n = 459) 18.0[13-24]
intact-Parathyroid hormone (ng/L) 323 [174-574]

(n = 297)
Access: AVF or AVG®

31.5 [28.5-34.5]

126 (26%)

?AVF, arteriovenous fistula; AVG, arteriovenous graft; IQR,

Interquartile range.
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Knowledge Test Performance

The median score on the CHeKS administered to patients at
baseline was 65% (IQR: 52% to 78%). Areas of poor knowledge,
where less than 50% of the patients correctly answered the
survey question, included safety of over-the-counter medica-
tions for dialysis patients, the role of exercise, and also methods
to improve dialysis adequacy. There were 251 patients who also
completed the survey 3 mo after dialysis initiation and they
scored a median (IQR) of 83% (70% to 91%) correct with a
median improvement of 13% (4% to 26%) compared with base-
line performance (P < 0.001).

Patient characteristics and their associations with hemodial-
ysis care knowledge are shown in Table 2. The CHeKS score
was highly correlated with age, race, and education. Older
patients had a lower average score (rho = —0.295; P < 0.001) as
did patients with less than a high school education (54% versus
66%; P < 0.001). Patients of white race scored higher than
patients of nonwhite race (65% versus 59%; P < 0.001). There
was no association found between knowledge survey score and
sex, marital status, or diabetes mellitus diagnosis.

There were no statistically significant correlations found be-
tween baseline laboratory measures, including serum phospho-
rus, and performance on the CHeKS (Table 2), except for a
modest association with serum albumin (r = 0.093; P = 0.04).
Patients with higher CHeKS scores were more likely to have

Table 2. Association between baseline Chronic Hemodialysis Knowledge Survey score and patient characteristics®

Characteristic n = 490 Sp eall;/r[r; e;r;l’s(s({%o) or PP

Age (n = 488) —0.295 <0.001

Sex (n = 489) - 0.55
Female 62% (18.7)

Male 63% (18.7) -

Race (n = 453) - <0.001
White 65% (18.4)

Non-white 59% (18.4) -

Diabetes - 0.46
Yes 62% (19.2)

No 63% (18.1)

Marital Status (n = 419) 0.34
Yes 64% (18.5)

No 62% (19.1)

Education (n = 484) - <0.0001
Less than high school 54% (19.0) -
High school or greater 66% (17.5) -

Baseline clinical characteristics
Hematocrit (%) (n = 475) -0.027 0.55
Albumin (g/dl) (n = 473) 0.093 0.04
Phosphorus (mg/dl) (n = 475) 0.045 0.33
Transferrin saturation (%) (n = 459) 0.005 0.73
intact-parathyroid hormone (ng/L) (n = 297) —0.025 0.66
Access: AVF or AVG 65% (17.7) 0.05

Catheter

62% (18.9)

?AVF, arteriovenous fistula; AVG, arteriovenous graft.
bSpearmém s Chi-squared or Wilcoxon rank sum test
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higher baseline serum albumin levels. Results were similar if
the clinical measures were included as raw values or catego-
rized based on NKF-KDOQI recommended goals.

Knowledge Test Scores and Vascular Access

Lower knowledge scores were found in patients who used a
dialysis catheter at initiation compared with those who used an
AVF or AVG (P = 0.05) (Table 2). For patients who scored in the
lowest quintile of CHeKS scores (scoring <50%), 20% used an
AVF or AVG at baseline; and for patients in the two highest
CHeKS score quintiles, 29% to 35% used an AVF or AVG
(p-trend = 0.08). Patients who scored the equivalent of one SD
higher (or 20 percentage points) higher on the CHeKS were 25%
more likely to use an AVF or AVG at initiation of dialysis (Odds
Ratio [OR] [95% CI]: 1.25 [1.00, 1.57]; P = 0.05) compared with
use of a catheter for dialysis access. This was statistically sig-
nificant even after adjustment for potential confounding fac-
tors, including age, sex, race, education, and diabetes status
(Table 3). At 6 mo after dialysis initiation, use of an AVF or
AVG had increased overall, and patients in the two highest
CHeKS score quintiles continued to have a greater proportion
of patients using an AVF or AVG compared with patients in the
lowest quintile (63 to 66% versus 45%, respectively; p-trend =
0.008). In multivariable analyses at 3 mo and 6 mo after dialysis
initiation, patients who scored 20 percentage points higher on
the CHeKS at baseline were more likely to be using an AVF or
AVG for dialysis access (OR [95% CI] = 1.49[1.16, 1.93]; P =
0.002 and 1.33[1.03, 1.72]; P = 0.03, respectively) (Table 3).

Adjusted analyses also demonstrated evidence that the asso-
ciation between higher CHeKS score and use of a catheter for
dialysis access was significantly different comparing patients
with less than a high school education and those with at least a
high school education or more (p-interaction = 0.03). In pa-
tients with less than a high school education who scored higher
on the CHeKS, no association was found with use of an AVF or
AVG as initial dialysis access (OR [95% CI]: 0.85[0.51, 1.41]; P =
0.53), but among patients with higher levels of education, those
who scored 20 percentage points higher on the CHeKS were
60% more likely to use an AVF or AVG at baseline (OR [95%
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CI]: 1.60[1.15, 2.24]; P = 0.006). This finding persisted with
similar results at the 3-mo interval after dialysis initiation;
however, there was no statistical evidence of effect modifica-
tion at the 6-mo interval.

Discussion

In this study, patient hemodialysis knowledge was fair, with
specific areas of poor knowledge. Lower knowledge scores
were associated with older age, nonwhite race, and fewer years
of education. Although there were few associations found be-
tween CHeKS score and clinical measures, there was a moder-
ate and persistent association between higher scores and use of
an AVF or AVG for dialysis access, especially in patients who
reported a higher level of education.

Education programs for chronic kidney disease patients have
been shown to delay the time to dialysis and even improve
survival (31,32). However, 36% of patients with chronic kidney
disease stages 3 to 5, seen by a nephrologist, report having no
knowledge about hemodialysis (33). Our study supports that
patients who go on to receive hemodialysis may indeed have
moderate to low levels of dialysis knowledge.

Our study also suggests that patients with greater knowledge
about dialysis at initiation are more likely to use an AVF or
AVG. Predialysis programs may increase permanent access use
at dialysis initiation by many mechanisms (34). In our study,
patients with higher dialysis knowledge were also more likely
to be using an arteriovenous permanent access 3 and 6 mo after
initiation, suggesting that greater knowledge at the start of
dialysis may have persistent impact on dialysis care. We are
unable to comment on the independent association of dialysis
knowledge and access use because we do not have a measure of
predialysis care. However, assuming that once patients initiate
dialysis they are exposed to similar education and referrals for
access placement, we might hypothesize that if predialysis care
was the dominant factor, then the association between knowl-
edge and permanent access at 6 mo after dialysis initiation
would not persist. Another explanation may be that patients
who have more dialysis knowledge may also have the overall
skills to interact with the health care system more effectively.

Table 3. Adjusted Logistic Regression Analyses: Association between baseline CHeKS score and use of an
arteriovenous fistula or graft at baseline and three- and six-months after dialysis initiation

OR [95% CI]

OR [95% CI] OR [95% CI]

Characteristic® Baseline 3-Months p 6-Months p
n =426 n =395 n = 367
Dialysis Care Knowledge 1.34[1.02,1.76] 0.03 1.49 [1.16, 1.93] 0.002 1.33 [1.03, 1.72] 0.03
CHeKS Score (20% points)
Age (per year) 1.00 [0.99,1.02] 0.69 1.00[0.99,1.02] 0.81 1.00 [0.98, 1.01] 0.64
Sex (Female versus Male) 122[0.78,1.90] 038 1.18[0.78,1.78] 044  1.10[0.72, 1.68] 0.64
Race (Non-white versus White) ~ 1.07 [0.66, 1.73]  0.78  1.04 [0.67, 1.63]  0.85 0.95[0.61, 1.50] 0.84
Education (HS or greater 0.88 [0.52,1.50] 0.65 0.91[0.56,1.48] 0.70 0.88[0.54, 1.45]  0.62
versus less than HS)
Diabetes (Yes versus no) 1.08 [0.69,1.69] 074 1.25[0.82,1.90] 0.30 1.24[0.81,1.90] 0.33

?OR, odds ratio; CI, confidence interval; HS, high school.
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Interestingly, in patients with less than a high school educa-
tion there was no significant association between dialysis
knowledge and use of a permanent dialysis access. For this
subgroup of patients, there may be additional barriers to suc-
cessful permanent access placement such that knowledge itself
has less of an impact. Another reason for the difference seen by
educational level may be that years of educational attainment
may not reflect the skill set of the patient. Even patients who
report a high school education may still have significant deficits
with the interpretation and application of health care informa-
tion, such as low health literacy skills (35). Therefore, dialysis
knowledge (CHeKS score) is a measure that more specifically
characterizes the patients” skills and their association with the
access type used. This exploratory subgroup analysis needs
replication and verification in a larger chronic dialysis popula-
tion.

In this study, the only statistically significant association
between patient dialysis knowledge and laboratory measures
was for serum albumin. Lower serum albumin has been shown
to be associated with a higher risk of mortality and a lower
reported general health status in dialysis patients (36,37). Patients
with more severe kidney, or comorbid, disease may have lower
knowledge scores and also have lower serum albumin due to a
more impaired nutritional profile (38). Additional studies explor-
ing other markers of severity of illness, such as inflammatory
markers and more detailed nutritional assessments, may give
additional insight into this preliminary finding. Despite our rea-
sonable sample size, this study was underpowered to detect sig-
nificant associations with dialysis knowledge and other clinical
measures.

The CHeKS was a reliable survey to evaluate dialysis knowl-
edge of CHD patients, was easy to administer, and differenti-
ated patients with poor hemodialysis knowledge. Other kidney
knowledge surveys (22,39,40) have evaluated a broad range of
kidney information in both chronic kidney disease and dialysis
patients. Similar to other studies, lower knowledge was asso-
ciated with older age and less education (25-27). Nonwhite race
(78% African American) was associated with lower knowledge,
and it is important to note that in another recent study African
American race was associated with lower perceived knowledge
of dialysis therapies (33). The mechanisms underlying this dis-
parity remain unknown, and further investigation is needed.

There are several limitations of this study. First, there is the
possibility of residual confounding. Knowledge may be associ-
ated with other variables, including income, social support, and
health literacy, which may also be related to clinical outcomes.
Second, this study included patients who were eligible for
participation in a renal disease management educational inter-
vention. Therefore, the findings may not be generalizable to all
dialysis patients. Third, although there were no differences in
characteristics between patients beginning dialysis who com-
pleted the CHeKS and those who did not, there is the possibil-
ity of selection bias because not every patient in this program
completed the survey. Additionally, a limitation of CHeKS is
that it was not evaluated for test-retest reliability. However, the
survey did demonstrate responsiveness in those who com-
pleted it at both baseline and 3 mo. Use of the CHeKS in larger,
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prospective cohort, or educational intervention trials will pro-
vide further evaluation for its role in describing hemodialysis
patient knowledge, as well as its predictive validity of CHD
clinical outcomes. Finally, all patients in this project were ex-
posed to an educational intervention, and therefore there is not
an adequate control group to explore over time the effect of
improvement of knowledge scores on the outcomes.

Conclusions

Evaluation of patient dialysis knowledge is a rapid and easy
method to identify patients who may be at higher risk of not
using an arteriovenous access both at dialysis initiation and
after starting dialysis, and therefore may be candidates for
targeted educational interventions. Further evaluation of the
impact of patient dialysis knowledge and the improvement in
knowledge level in larger studies is needed to better under-
stand its relationship with clinical measures and to provide
guidance for improved CHD patient education.
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