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Assessing Transplant Education Practices in Dialysis
Centers: Comparing Educator Reported and
Medicare Data
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Abstract
Background and objectives The Centers for Medicare & Medicaid Services (CMS) requires that dialysis centers
inform newpatients of their transplant options and document compliance using the CMS-2728Medical Evidence
Form (Form-2728). This study compared reports of transplant education for new dialysis patients reported to
CMS with descriptions from transplant educators (predominantly dialysis nurses and social workers) of their
centers’ quantity of and specific educational practices. The goal was to determine what specific transplant
education occurred and whether provision of transplant education was associated with center-level variation in
transplant wait-listing rates.

Design, setting, participants, & measurements Form-2728 data were drawn for 1558 incident dialysis patients at
170 centers in the Heartland KidneyNetwork (Iowa, Kansas,Missouri, andNebraska) in 2009–2011; educators at
these centers completed a survey describing their transplant educational practices. Educators’ own survey
responses were compared with Form-2728 reports for patients at each corresponding center. The association of
quantity of transplant education practices usedwithwait-listing rates across dialysis centerswas examined using
multivariable negative binomial regression.

Results According to Form-2728, 77% of patients (n=1203) were informed of their transplant options within
45 days. Educators, who reported low levels of transplant knowledge themselves (six of 12 questions answered
correctly), most commonly reported giving oral recommendations to begin transplant evaluation (988 informed
patients educated, 81%of centers) and referrals to external transplant education programs (959 informed patients
educated, 81% of centers). Only 18% reported having detailed discussions about transplant with their patients.
Compared with others, centers that used more than three educational activities (incident rate ratio, 1.36; 95%
confidence interval, 1.07 to 1.73) had higher transplant wait-listing rates.

ConclusionsWhile most educators inform new patients that transplant is an option, dialysis centers with higher
wait-listing rates use multiple transplant education strategies.
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Introduction
Seventy percent of patients in the United States with
ESRD (.430,000 patients in approximately 6000 dial-
ysis centers) receive some form of dialysis to sustain
life (1). Because only 37% of dialysis patients are liv-
ing after 5 years (1), comprehensive education about
the options of deceased-donor kidney transplant
(DDKT) and living-donor kidney transplant (LDKT)
should occur as quickly as possible, ideally before a
patient’s native kidney fails (2) or immediately fol-
lowing the start of dialysis.

To support the provision of transplant education,
the Centers for Medicare & Medicaid Services’
(CMS’s) Conditions for Coverage for ESRD Facilities
introduced a requirement in 2005 that dialysis centers
inform patients of their option for transplant and re-
port progress of this within 45 days of dialysis initia-
tion using Form CMS-2728; this was reinforced in

CMS’s 2008 Conditions for Coverage for ESRD Facil-
ities (3). When education is successful, pursuit of
transplant by dialysis patients increases. Dialysis pa-
tients who report having received information about
transplantation have higher transplant wait-listing
rates (4,5).
Unfortunately, substantial barriers affect whether

all patients receive transplant education in dialysis
centers (6), with black patients, older patients, obese
patients, uninsured patients, and Medicaid-insured
patients less likely to receive education about trans-
plant before presenting at a transplant center (7,8).
Transplant educators in dialysis centers (predomi-
nantly nurses and dialysis social workers) themselves
report having limited time and knowledge to success-
fully educate patients about transplantation (9), with
educators at for-profit dialysis centers less likely to
administer high-quality, more intensive transplant
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educational strategies (e.g., one-on-one discussions) com-
pared with nonprofit centers (6). Ultimately, dialysis cen-
ters with higher proportions of black and diabetic patients,
more patients with lower incomes or less comprehensive
insurance, and more patients undergoing hemodialysis ver-
sus other forms of dialysis, as well as centers in neighbor-
hoods with lower socioeconomic status and with fewer
transplant centers nearby, have lower wait-listing and
transplant rates (10–13). However, because CMS does not
capture information about the specific delivery of trans-
plant education within a center, less is known about the
variation in educational practices across centers or the ef-
fect of specific education practices within these dialysis cen-
ters on wait-listing rates. Because of these limitations,
studies of transplant education within dialysis centers
based on reporting of compliance with the CMS require-
ment alone cannot assess what types of educational prac-
tices might have occurred among informed patients.
To advance the understanding of the content of trans-

plant education being delivered at dialysis centers, meth-
ods of delivery, and effect on transplant pursuit, this
research team surveyed educators from 185 dialysis centers
in 2009–2011 about their specific transplant educational
practices and linked these survey data with CMS Form-
2728 records for patients who initiated dialysis at these
centers 6 months before each educator’s survey. The
aims of the study were to (1) compare indications of trans-
plant education on the Form-2728 against specific educa-
tional practices described by educators, (2) determine
associations between dialysis center characteristics and
use of transplant educational practices by educators, and
(3) determine educational factors and center characteristics
associated with variation in transplant wait-listing across
dialysis centers.

Materials and Methods
Participants: Dialysis Centers and Educators
From 2009 to 2011, as part of a transplant quality

improvement initiative, we examined the transplant
education practices occurring within dialysis centers in
the Heartland Kidney Network (ESRD Network 12). The
Heartland Kidney Network, a CMS contractor, oversaw
274 dialysis centers, providing care for .14,000 dialysis
patients in Missouri, Iowa, Nebraska, and Kansas (14).
All dialysis centers in the Heartland Kidney Network
were invited to attend one of 11 all-day transplant edu-
cation trainings in Missouri (six trainings), Iowa (two
trainings), Nebraska (two trainings), or Kansas (one
training). Only adult, outpatient dialysis centers were
eligible for participation in the study, and centers were
encouraged to send multiple dialysis staff who were in
the position to offer transplant education to their patients
as representatives.
Immediately before and after these training sessions, all

educators in attendance were invited to participate in a
study assessing their transplant educational practices, with
interested educators signing a written consent form. The
study was approved by the institutional review board of
Washington University School of Medicine (project # 09–
0451) and the Saint Louis University institutional review
board (project # 21502).

Data Sources and Measurement
Data for this study were drawn from several sources,

including educators’ self-reported surveys administered at
the trainings, CMS Form-2728 records for patients who
initiated dialysis at corresponding centers within 6 months
before each educator’s initial survey date and transplant
wait-listing events for the previous 1.5 years as captured in
the US Renal Data System (USRDS) (1), dialysis center
characteristics from the Dialysis Facility Reports (DFR)
(15), and ZIP code–level socioeconomic data from the US
Census (16). Dialysis patient records from the USRDS were
aggregated by center, linked to educator survey data, and
linked to center characteristics available from the DFR and
the Census data using an anonymous, randomly generated,
deidentified linkage key for each dialysis center with the
linkages facilitated through a USRDS contractor. Analytic
data were anonymous, with all center names removed. No
patient identifiers were accessible to study investigators.
The transplant education survey measured educators’

demographic characteristics, including race/ethnicity,
sex, age, job title, and the number of years working in
dialysis centers, and the use of any of 12 transplant edu-
cation practices (yes/no) listed in Table 1 (e.g., recommending
that patients be evaluated for transplant, referring patients to
an educational program at a transplant center, having a de-
tailed discussion about the risks and benefits of DDKT or
LDKT). It also assessed educators’ own level of transplant
knowledge on a 12-question scale (e.g., “What percent of
transplanted kidneys function for at least 1 year?”). Finally,
the survey asked whether (1) transplant education was pro-
vided on a yearly basis to all transplant-eligible patients
(yes/no) and (2) there was a formal transplant education
program in the center (yes/no).
Because multiple educators from 71 of the 185 partici-

pating dialysis centers attended the trainings, we chose a
single educator with the greatest engagement in transplant
education to represent each center as assessed by their
reports of educating at least one patient about transplant,
knowledge of how many patients were educated at their
center in the 3 months before the training, howmuch time it
took to educate a patient, whether they answered yes to the
question, “Are you or will you be conducting transplant
education directly?”, and whether they reported having a
detailed discussion about risks and benefits of transplant
or using the most educational practices.
CMS Form-2728 records submitted to CMS from centers

where representatives attending the transplant education
trainings were extracted for patients starting dialysis
within the 6 months before the educator’s survey date.
For each patient, we extracted responses reported for
CMS Form-2728 questions 26 (“Has the patient been in-
formed of kidney transplant options?”: yes/no) and 27 (“If
NOT informed of transplant options, please check all that
apply: Medically unfit; Patient has not been assessed; Pa-
tient declines information; Psychologically unfit; Un-
suitable due to age; Other.” To quantify exposure to
educational practices, each new patient was considered to
have potentially been exposed to all of their educators’ re-
ported transplant education practices.
We also accessed USRDS transplant wait-listing records

for dialysis centers that sent a representative to the train-
ings and calculated the annualized wait-listing rates for
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each center during the 1.5 years before the date of the
transplant education training (censored at date of training
or death). Using data from the DFR, we determined, for
each dialysis center, the percentage of patients who were
black, female, and age 65 years or older (categorized as
.50% or #50%). Also from these data, we determined
whether centers were for-profit or nonprofit in their own-
ership and the total number of patients served. Data from
the Rural Health Research Center were accessed to deter-
mine whether dialysis centers were located in rural
(,50,000 population) or urban ($50,000 population) areas
(17). We used 2000 US Census data to calculate a residen-
tial ZIP code–level index of socioeconomic status (SES) as
defined by the Agency for Healthcare Research and Quality
(18), which ranges from 0 to 100 (higher scores indicate
higher SES) and incorporates indicators including median
household income, poverty, property values, education levels,
and household crowding. For analyses, we calculated the
median SES score for patients at each center and then di-
chotomized centers at above the median versus equal to or
below the median index score (19). Finally, we determined
the distance (in miles) between the dialysis centers and the
nearest transplant center using ArcGIS 10.0 Network dis-
tance tools, accounting for road network in that area.

Statistical Analyses
All data were analyzed using SAS software, version 9.4,

and all statistical tests used a two-sided a value of 0.05.
Patient, educator, and dialysis center characteristics and
transplant education practices were described using
means, medians, and proportions. Characteristics of cen-
ters that attended and did not attend trainings were com-
pared using chi-square and Kruskal–Wallis tests. To
compare indications of transplant education for new pa-
tients reported to CMS on Form-2728 with their educators’

descriptions of detailed educational practices, we totaled
the number and proportion of educators that used each
transplant education strategy and then, for each dialysis
center, linked the number of patients informed on Form-
2728 about their transplant options in the prior 6 months
with the specific educational strategies used by their spe-
cific educator. The relationships between 12 educational
practices and eight dialysis facility characteristics were
tested using chi-square tests, with a P value corrected to
account for multiple comparisons (0.05/8=0.006).
Univariate and multivariable negative binomial models

were used with the log of person-years as the offset to
calculate incident rate ratios (IRRs) of wait-listing for
transplant. To model the association between dialysis
center educational practices and wait-listing rates, we first
examined the univariate associations of all 12 educational
practices, whether centers reported educating their patients
yearly, and whether they had a formal transplant education
program individually. Second, we summed the number of
practices a educator reported using and grouped these
values into tertiles (three or fewer educational practices,
four or five educational practices, and six or more educa-
tional practices). Along with the educational variables,
other univariate associations of variables hypothesized to
affect dialysis centers’ wait-listing rates were tested, in-
cluding educators’ transplant knowledge (dichotomized
at the median), number of years of experience in dialysis
(dichotomized at the median), the ownership status of the
dialysis center, whether the center was rural or urban, the
distance of the dialysis center from the nearest transplant
center (dichotomized at the median), the total patients
served by the dialysis center (dichotomized at the me-
dian), whether the center served .50% black patients,
.50% female patients, .50% patients age 65 years or
older, and the SES score (dichotomized at the median) of

Table 1. Transplant educators’ practices and number of patients served

Practice Educators Using
Strategy, %a (n)

Informed Patients With
Access to Strategy, % (n)b

Recommend being evaluated for transplant 81 (138) 82 (988)
Refer patients to educational program at a
transplant center/kidney organization

81 (138) 80 (959)

Recommend learning more about transplant 72 (123) 74 (890)
Distribute transplant center phone numbers 68 (115) 73 (878)
Provide handouts/brochures about transplant 63 (107) 64 (768)
Offer an opportunity to talk to a kidney recipient 29 (50) 32 (379)
Have a detailed discussion about the advantages/risks
of deceased donor transplant

18 (31) 25 (297)

Have a detailed discussion about the advantages/risks
of living donor transplant

18 (31) 22 (263)

Show transplant video(s) 17 (29) 19 (223)
Provide list of transplant websites 17 (29) 14 (173)
Provide education to share with prospective
living donors

16 (28) 15 (179)

Display transplant posters in waiting room 11 (19) 10 (119)

aPercentage who reported using each educational strategy. Educator sample was n=170.
bWefirst determined thenumber of patientswho indicated that theyhadbeen informedof their transplant option onCenters forMedicare&
Medicaid Services Form-2728 within each dialysis center. We then determined the number of educators (centers) who reported using each
strategy and summed the number of “informed”patients from these centers to obtain the total number of “informed” patients exposed to
each strategy. Proportions are of sample of informed patients, n=1203.
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the center. Finally, we entered all univariate-significant var-
iables into a multivariable negative binomial model, then
used backward selection to predict wait-listing rates at the
dialysis center level.

Results
Participating Dialysis Centers and Educators
Of the 274 dialysis centers in the Heartland Kidney

Network, representatives from 203 dialysis centers atten-
ded. Of those in attendance, eight were ineligible for the
study because they were acute or pediatric centers and 10
did not consent to participate, leaving 185 adult, outpatient
dialysis centers (68% response rate). CMS Form-2728
records in the USRDS database could not be linked for
six dialysis centers, five dialysis centers did not initiate
any dialysis patients in the 6 months before attending a
training, and four centers were missing education practice
variables from the educator survey, leaving a sample of 170
centers for analysis of the study aims. When we compared
the 185 centers from the Heartland Kidney Network that
attended a training and were eligible and consented to
participate in the study to the 71 centers that did not attend
the training, we found no significant differences in whether
the centers were for-profit or nonprofit; were in rural
versus urban locations; or had.50% or 50% black patients,
female patients, or patients 65 years of age or older (data
not shown). However, the median size of centers that at-
tended the trainings was higher than that of centers that
did not attend (43 patients versus 35 patients; P=0.02).
Most participating dialysis centers had #50% female

(76%) and black (85%) patients, were from for-profit or-
ganizations (75%), and were located in rural settings
(60%). While most reported providing yearly transplant
education to all transplant-eligible patients (81%), the ma-
jority did not report having a formal transplant education
program in operation (79%) (Table 2). Most educators at-
tending the training were female (97%), white (91%), and
either social workers (51%) or nurses (23%). On average,
these educators had 11 years of experience working with
dialysis patients. At the start of the training, the average
number of transplant knowledge questions educators
could correctly answer was six of 12 (50% correct).

Comparison of CMS Form-2728 Patient Data and Educator
Practices
In the 6 months before the training dates, CMS Form-

2728 was submitted to CMS for 1558 incident dialysis
patients from 170 centers. Of these, 77% (n=1203) of the
forms indicated that the patient had been “informed of
their kidney transplant options” within 45 days of starting
dialysis (Figure 1). The 355 patients who were not in-
formed of their treatment options according to CMS
Form-2728 were reported to be medically unfit (7% of total),
unsuitable because of age (3%), or psychologically unfit
(,1%). In the remaining cases, the patient declined trans-
plant information (1% of total) or was not informed for
more than one reason (2% of total). Only 9% of patients,
144 patients total, were not assessed.
The 1203 patients reported to be informed on CMS Form-

2728 were likely affected by the common transplant
education practices used by educators, including providing

oral recommendations to be evaluated for transplant
(988 informed patients, 81% of centers using this strategy),
referrals to external transplant education programs (959
informed patients, 81% of centers), and recommendations to
learn more about transplant (890 informed patients, 72%
of centers) (Table 1). On the basis of educators’ reports,
only 297 informed patients (18% of centers) had detailed
discussions about the risks and benefits of DDKT, 263 in-
formed patients (18% of centers) had detailed discussions
about the risks and benefits of LDKT, 223 informed pa-
tients watched transplant video(s) (17% of centers),
173 informed patients received a list of transplant websites
(17% of centers), and 179 informed patients (16% of cen-
ters) received educational resources to share with prospec-
tive living donors.

Variation in Transplant Educational Practices by Dialysis
Center
We first examined the association of 12 educational

practices and eight dialysis facility characteristics. Only
associations significant at P,0.01 are reported because of
multiple comparisons. Compared with centers with more
than half their patients $65 years or older, those with youn-
ger patients were more likely to orally recommend that pa-
tients be evaluated for transplant (90% versus 71%; P=0.002).
Compared with for-profit centers, nonprofit centers were
more likely to provide education to share with prospective
living donors (32% versus 12%; P=0.003). Finally, the follow-
ing center characteristics were associated with greater likeli-
hood of distributing transplant center phone numbers: urban
versus rural centers (78% versus 51%; P,0.001), centers
within shorter distances (below the median) from the nearest
transplant center compared with longer distances (above
median) (85% versus 49%; P,0.001), and centers with above
median Agency for Healthcare Research and Quality SES
index score compared with those with below median scores
(84% versus 50%; P,0.001).

Variables Associated with Wait-listing among Dialysis
Centers
After the univariately significant variables were entered

into a multivariable negative binomial model, compared
with dialysis centers whose educators used three or fewer
educational practices, those that used four or five practices
(IRR, 1.36; 95% confidence interval [95% CI], 1.07 to 1.73)
had significantly higher rates of transplant wait-listing.
Additionally, wait-listing rates were higher among non-
profit dialysis centers (IRR, 1.23; 95% CI, 1.10 to 1.37),
dialysis centers closer to the nearest transplant center (IRR,
1.19; 95% CI, 1.06 to 1.32), and dialysis centers with #50%
black patients (IRR, 1.50; 95% CI, 1.28 to 1.75) (Table 3).

Discussion
A recent consensus conference (20) identifying best prac-

tices for increasing LDKT rates formally recommended
that outreach and education by community nephrologists,
dialysis centers, and nonprofit organizations occur and be
repeated regularly to ensure that all patients know about
their DDKT and LDKT options. Research confirms that
kidney patients who begin transplant evaluation having
received more comprehensive education from community
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nephrologists or within dialysis centers are more likely to
complete transplant evaluation successfully (5), get on the
transplant waiting list (21), and receive LDKTs (7,22). In
this study, reports to CMS using CMS Form-2728 and self-
reports by educators about transplant education practices
generally occurring in each dialysis center indicate that at
least 77% of new dialysis patients were receiving some
kind of education about transplant. However, when we
examined what kind of educational practices were com-
monly occurring for these informed dialysis patients in 170
centers in the Midwest, we found high levels of variation
and quality. At least 80% reported that they most commonly
provided verbal recommendations to be evaluated for trans-
plant and referrals to an outside transplant education pro-
gram. Centers where educators reported doing minimal
educational practices, three practices or fewer in total, had
lower transplant wait-listing rates than centers where edu-
cators provided more resources and educational practices.
In light of our findings that educators themselves have

poor knowledge of transplantation and have not estab-
lished formal educational programs within their centers,
the low frequencies of providing comprehensive

educational practices is understandable. A recent study
by Salter et al. found that educators reported educating
their patients about transplant more often than their pa-
tients reported being educated themselves, which may
indicate a difference in educators’ and patients’ definitions
and perceptions of true transplant education (4). Although
precise definitions of informed consent vary (23), a univer-
sal component, as established by the Belmont Report, in-
cludes an explanation of the risks and benefits of one’s
medical treatment options (24). In this study, only 18%
of educators reported having detailed discussions about
the risks and benefits transplant with their patients. Fur-
ther clarification of the policies about what dialysis centers
must do to ensure compliance with CMS requirements re-
garding transplant education would help translate com-
pliance to delivery of meaningful education. A clear
definition of comprehensive and satisfactory patient edu-
cation about the benefits and risks of this treatment option
within dialysis centers is needed (20).
In addition, an interesting trend emerged where educa-

tors may be making decisions about what level of educa-
tion about transplant to provide based on an assessment of

Table 2. Characteristics of transplant educators and dialysis centers

Characteristic Value

Transplant educator (n=170)
Sex
Female 165 (97)
Male 5 (3)

Race/ethnicity
White 155 (91)
Black 12 (7)
Hispanic or Latino (considered mutually exclusive from white and black) 3 (2)

Job title
Social worker 86 (51)
Nurse 39 (23)
Nurse manager/facility administrator 38 (22)
Dialysis technician 5 (3)
Other 2 (1)

Age (yr) 46610
Time working with dialysis patients (yr) 1168

Dialysis center characteristics (n=170)
Rural or urban location
Rural 102 (60)
Urban 67 (39)

Dialysis center ownership status
For-profit 128 (75)
Nonprofit 41 (24)

.50% female patients (yes) 41 (24)

.50% black patients (yes) 26 (15)

.50% aged $65 yr (yes) 80 (47)
Distance from dialysis center to nearest transplant center (miles) 38 (12–90)
Size of dialysis center (total no. of patients served) 43 (26–65)
AHRQ SES index scorea 58 (54–61)

Transplant education practices at centers
Yearly transplant education provided to all transplant-eligible patients (yes) 137 (81)
Formal transplant education program in operation at center (yes) 35 (21)

Values are expressed as number (percentage), mean6SD, ormedian (range). AHRQ,Agency forHealthcare Research andQuality; SES,
socioeconomic status.
aData for 17 dialysis centers missing.
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its value for improving the health or quality of life of their
general patient caseload. Specifically, this study found that
educators working in centers with patients who were older,
of lower SES, farther away from transplant centers, and in
rural settings were less likely to recommend transplant as
an option or distribute transplant center phone numbers.
This finding may help explain the documented lower
access to transplantation among rural kidney patients
(25). Concerns that dialysis patients who are of low SES
might be unable to pay for the costs of immunosuppres-
sant drugs in the future may be preventing some educa-
tors from educating patients about this treatment option
(26). Future research must continue to examine whether
these trends persist in a national sample of dialysis centers.
However, one promising strategy for improving trans-
plant education in centers with low-SES patients and those
in rural areas farther away from transplant centers may be
to provide educators with training about transplant’s value
for their patients; access to more patient-centered educa-
tional resources about transplantation; and resources,
such as free transportation to a transplant center or more
reimbursement for evaluation-related expenses to over-
come patients’ financial burdens related to transplant
(9,27,28).
Consistent with prior studies (10,29–31), we also found

that patients in centers with greater proportions of black
patients had significantly lower transplant wait-listing
rates. It is known that patients identifying as racial minor-
ities are less likely to receive transplant education (7,32);
however, we found a significant race effect on wait-listing

rates even when controlling for the number of educational
practices occurring within the center. Black dialysis pa-
tients may experience more challenges related to SES
(30,33), medical mistrust (34,35), and health literacy (36)
that reduce their likelihood of becoming motivated to pur-
sue transplant; this, in turn may explain why centers with
high proportions of black patients have lower wait-listing
rates. With this trend also apparent for Hispanic patients
(37), our results suggest that future educational interven-
tions to reduce the racial disparity in access to transplant
should focus on dialysis centers with high proportions of
patients who are ethnic/racial minorities. Further, trans-
plant educational approaches may need to be culturally or
individually tailored to better serve patients of different
racial/ethnic groups who have different knowledge
gaps, fears about DDKT or LDKT, or biases about trans-
plant (38–40).
This study indicates that more transplant education can

result in higher wait-listing rates. Educators who reported
using four or five educational practices had significantly
higher wait-listing rates than educators who used fewer
practices. Previous studies have indicated that some edu-
cators may not have enough time in their schedules to
educate patients about transplant (9). Multiple transplant
education interventions help increase the transplant
knowledge, informed transplant decision-making, and
pursuit or receipt of DDKT or LDKTs among patients
with ESRD (28,41–44). However, future research should
continue to compare the effectiveness of different educa-
tional strategies to determine how much education is

Figure 1. | Whether patient has been informed about transplant on Centers for Medicare & Medicaid Services Form-2728.
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necessary, which educational strategies matter the most,
and how to cost-effectively disseminate transplant educa-
tion into the 6000 dialysis centers.
This study had many limitations. First, while educators

in this study reported the educational practices that were
specifically occurring within their centers, other educators
could be providing education as well; moreover, not every
patient reported to have been informed on CMS Form-2728
definitely received each of the educational strategies the
educator reported using. Second, because few of the partic-
ipants in this study were dialysis nephrologists, it is not clear
whether low participation among these providers reflects their

inability to attend the transplant education trainings where
survey data were collected or whether it reflects a trend of less
frequent participation in transplant education among dialysis
nephrologists compared with their dialysis staff. Third, in the
analysis of wait-listing rates preceding the educator trainings,
the educational practices currently occurring within each
center might not have been delivered as far back as 1.5 years.
Future studies will need to replicate this study prospectively.
Nonetheless, with the present dearth of evidence around the
effectiveness of specific transplant education practices in
dialysis centers, these findings contribute critical new knowl-
edge about the specificity and variation of actual transplant

Table 3. Factors associated with wait-listing among dialysis centers (n=170)

Variable Univariate IRR
(95% CI)

Multivariable IRR
(95% CI)

Number of education practices
Low (#3 practices) Reference Reference
Medium (4 or 5 practices) 1.27 (0.97 to 1.67) 1.36 (1.07 to 1.73)f

High ($6 practices) 1.17 (0.86 to 1.59) 1.19 (0.91 to 1.55)
Number of years educator worked with dialysis patients —
.Mediana 1.20 (0.95 to 1.51)
#Median Reference

Educator’s transplant knowledge —
.Medianb 1.29 (0.75 to 1.20)
#Median Reference

Ownership status
Nonprofit 1.20 (1.36 to 1.44) 1.23 (1.10 to 1.37)f

For-profit Reference Reference
Percentage black among total patients
.50% Reference Reference
#50% 1.32 (1.12 to 1.56) 1.50 (1.28 to 1.75)f

Percentage female among total patients
.50% 1.10 (0.95 to 1.26) —
#50% Reference

Percentage age ‡65 yr among total patients —
.50% 0.95 (0.84 to 1.07)
#50% Reference

Rural versus urban location
Rural 0.95 (0.83 to 1.07) —
Urban Reference

Distance from nearest transplant center
. Medianc Reference Reference
# Median 1.10 (0.98 to 1.24) 1.19 (1.06 to 1.32)f

Total patients served
.Mediand 1.12 (0.87 to 1.44) —
#Median Reference

AHRQ SES index —
.Median scoree 1.24 (0.97 to 1.57)
#Median score Reference

Negative binomial regression was used to determine the association between dialysis center characteristics and wait-listing rates.
Variables that were univariately significant at P,0.15 were entered into a multivariable model, then variables that were multivariable
significant at P,0.05were retained for thefinalmodel. Incident rate ratios and 95% confidence intervalswere calculated using negative
binomial regression. Dashes denote variables removed from the multivariable model in the backward selection procedure. AHRQ,
Agency for Healthcare Research and Quality; SES, socioeconomic status; IRR, incident rate ratio; 95% CI, 95% confidence interval.
aMedian years of experience working with dialysis patients was 11.
bMedian transplant knowledge score was 6.
cMedian distance from dialysis centers to the nearest transplant center was 38 miles.
dMedian number of patients per center was 43 patients.
eMedian SES index score was 58 (out of 100).
fp,0.05
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education practices used in dialysis centers. Fourth, although
we used several rich sources of data, not all variables
potentially associated with our outcomes, such as the
communication style and effectiveness of the educator,
could be obtained. Finally, this study considered regional
data within Midwest dialysis centers, and its results may
not be generalizable to the national patterns of transplant
education in dialysis centers. Future research must explore
whether these patterns remain at a national level.
Multiple studies have shown that many dialysis patients

have poor knowledge about transplants as a treatment option
(7,45). This study provides preliminary evidence that varia-
tion in the quantity of educational practices occurring within
dialysis centers is high and can affect the numbers of dialysis
patients moving forward to be evaluated and listed for
transplant. It also indicates that using more types of trans-
plant educational practices with patients, instead of simply
informing patients of their option for transplant, may assist
with ultimate pursuit of transplant. Clear, national standards
for transplant education occurring in dialysis centers in the
United States may help ensure informed patient decision-
making and increase wait-listing rates.
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