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Abstract

Purpose End-stage renal disease patients’ experience of care is an integral part of the assessment of the quality of the care
provided at hemodialysis centers and is needed to promote patient choice, quality improvement, and accountability. The
purpose of this study is to evaluate the In-Center Hemodialysis Consumer Assessment of Healthcare Providers and Systems
(ICH-CAHPS®) survey and its equivalence in different age, gender, race, and education subgroups.

Methods The ICH-CAHPS survey was administered to 1454 patients from 32 dialysis facilities. For the characteristics
compared, the sample had 756 participants younger than 65 years old, 739 men, 516 Black, 567 White, and 970 with less
than high school diploma. Three different patient experience constructs were studied including nephrologist’s communica-
tion and caring, quality of care and operations, and providing information to patients. We used item response theory analysis
to examine the possibility of differential item functioning (DIF) by patient age, gender, race, and education separately after
controlling for the other DIF characteristics and additional confounding variables including survey mode, mental, and general
health status as well as duration on dialysis.

Results The three constructs studied were unidimensional and no major DIF was observed on the composites. Some non-
equivalences were observed when confounders were not controlled for, suggesting that such covariates can be important
factors in understanding the possibility of disparity in patients’ experience.

Conclusions The ICH-CAHPS is a promising survey to elicit hemodialysis patients’ experience that has good psychometric
properties and provides a standardized tool for assessing age, gender, race, or education disparity.

Keywords CAHPS In-Center Hemodialysis (ICH) Survey - Patient experiences of care - Health care disparities
Measurement equivalence - Differential item functioning - Item response theory

Introduction

Kidney failure, or end-stage renal disease (ESRD), is a

complex health condition that arises when a patient’s kid-
neys can no longer remove enough excess fluid and toxins
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article (https://doi.org/10.1007/s11136-019-02250-5) contains from the body to sustain life. Though kidney transplanta-
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ESRD, the vast majority of ESRD patients receive dialysis
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while only 7% were treated with peritoneal dialysis in
2015. Further, among the hemodialysis patients, 98% used
in-center hemodialysis instead of receiving dialysis treat-
ments in their home [1].

Women have been found to be more likely than men
to receive dialysis for less than 12 h per week [3] and to
have less access to kidney transplantation than men [4].
Frail, elderly patients with multimorbidity tend to benefit
from dialysis less than younger patients [5, 6]. In addi-
tion, younger age, greater education attainment, and higher
income are associated with physical health [7, 8] and some
researchers such as Khattak and colleagues have shown
that higher education level is associated with improved
survival of patients on dialysis [9]. Also, Blacks are about
4 times more likely than Whites to develop ESRD [1].
Black dialysis patients have reported report better health-
related quality of life (HRQOL) than White patients and
Peipert and colleagues found differential item functioning
between these groups in one of the HRQOL survey ques-
tions [10].

Patient experience of care surveys have been used to
publicly report providers’ performances and for “pay-for-
performance” programs to promote patient choice, quality
improvement, and accountability [11-13]. In the context
of ESRD in the United States, the Centers for Medicare
& Medicaid Services (CMS) in concert with the Agency
for Healthcare Research and Quality (AHRQ) developed
a Consumer Assessment of Healthcare Providers and Sys-
tems (CAHPS®) survey to assess the experiences of care
provided to patients at in-center hemodialysis facilities: the
CAHPS In-Center Hemodialysis Survey ICH-CAHPS).

Measurement equivalence of the ICH-CAHPS survey
is needed for comparisons of patient experiences from dif-
ferent ICH subgroups, especially if they are used to assess
disparities associated with gender, age, race, and education.
Differential item functioning (DIF) examines whether or not
the likelihood of a survey question category endorsement is
equal across different subgroups, controlling for the effect
of the underlying construct being measured. In this study,
we assessed equivalence of survey responses to the ICH-
CAHPS survey for different age, gender, education, and race
as isolated sources of DIF, characteristics that have been
reported to show disparities in hemodialysis care. We used
classical test theory and item response theory (IRT) mod-
eling to test whether ICH-CAHPS survey questions per-
formed differently for men compared to women, younger
(18-64) compared to older (65 + years of age), white
compared to Black and less educated (High school degree
or less) compared to those with more than a high school
diploma. The focus in this paper on Black versus White race
differences reflects the importance of this comparison in the
United States. We discuss the implications of the results of
the study for survey users and quality improvement.

@ Springer

Methods

We analyzed data from 1454 patients sampled from 32 dialy-
sis facilities from different geographical locations (Northeast,
South, Midwest, West, and rural vs urban) and facility size and
type. Patients were eligible to participate if they had received
hemodialysis for 3 or more months at one of the selected facil-
ities. A random, systematic sample of 200 patients was drawn
from large facilities, and for smaller facilities with up to 200
patients, a census of all patients was included in the sample.
Details of the development of the survey including piloting,
interviewing, sampling, and detailed response rates were
reported elsewhere [14]. All data collection were approved
by the RAND institutional review boards (FWA00003425,
effective until June 22, 2023). All procedures performed in
studies involving human participants were in accordance
with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

ICH-CAHPS: patient experience measures

The ICH-CAHPS survey measures patient experience in the
last 3 months at in-center hemodialysis facilities and features
three composites: Nephrologist Communication and Caring (6
items, e.g., “In the past 3 months, how often did your kidney
doctors explain things in a way that was easy for you to under-
stand?”’), Quality of Dialysis Facility Care and Operations (17
items, e.g., “In the last 3 months, how often did you feel the
dialysis center staff really cared about you as a person?”), and
Providing Information to Patients (9 items, e.g., “In the last
12 months, has a doctor or dialysis center staff explained to
you why you are not eligible for a kidney transplant?”). Items
were administered with either four response options (“never,”
“sometimes,” “usually,” “always”) or two options (“Yes,”
“No”). The full list of items (questions) administered is pro-
vided in Online Appendix 1. The survey also asked about age,
gender, race, education, mental health status, overall health
status, and duration on dialysis. The survey was collected in
two modes, by telephone or by mail.

LEINT3

Analysis plan

We used 42 and 7 tests to compare characteristics by gender,
age, education, and race subgroups. Because observed differ-
ences in survey items can be confounded by other variables
beyond the DIF variables examined [15] and with our goal to
assess these characteristics as isolated sources of DIF, we used
propensity score matching [16] to create one-to-one matches
for the DIF variables examined. The goal of the propensity
score matching is to make the groups to be compared (e.g.,
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male vs female) similar on all other characteristics as if they
were randomly selected to participate in the study and rep-
resentative of their groups. The characteristics matched on
included participants age, gender, race/ethnicity, education,
health status, the length of time on dialysis as well as the mode
of the survey, and the matching algorithm used a caliper of
0.2, as recommended by Wang et al. [17]. A sensitivity analy-
sis was also conducted with the full sample of participants
(matched and unmatched) to assess the generalizability of the
inferences beyond the matched sample. To account for the dif-
ferent level of missingness (most because of non-eligibility), a
full-information maximum-likelihood method was used for all
the DIF analyses, a method that uses all the available data [18].

We evaluated whether the three patient experience com-
posites (nephrologist communication and caring; quality of
dialysis facility care and operations; providing information
to patients) were sufficiently unidimensional for IRT analy-
ses [19]. A categorical one-factor confirmatory factor analy-
sis (CFA) was fitted, and the comparative fit index (CFI) and
the root mean square error of approximation (RMSEA) were
used to assess model fit. For CFA, missingness is allowed to
be a function of the observed items, analogous to a pairwise
analysis. A bi-factor CFA with three local factors, each rep-
resenting an ICH-CAHPS composite was also conducted as
a sensitivity of the unidimensionality of the composites. CFI
value > 0.95 generally indicates an acceptable fit to the data,
while RMSEA values <0.06 are considered good fit [20].

An IRT DIF analysis comparing groups of respondents
(men vs women; age 65 and younger vs older than 65; up to
high school degree vs more than high school) was conducted
using Samejima’s graded response model [21] and DIF eval-
uated using a two-step improved Wald test procedure [22,
23]. Since no prespecified anchor items were designed with
the survey, the two-step calibration process first evaluated
the ICH-CAHPS items for evidence of DIF using the Wald-2
anchor-all-test procedure. This process classifies items into
two categories, the anchor items (the ones that display no
DIF) and the candidate DIF items. Then in a second step,
for items labeled as candidate DIF, separate parameters were
estimated across the characteristic being tested conditioned
on the estimated group score using the anchor set with the
Wald-1 procedure. For the improved Wald tests used, the
Wald-2 test does not require designated anchor items and
has been recommended for the selection of anchor items
while the Wald-1 test, like other DIF procedures, requires
specified anchor items [23]. For the anchor items, the esti-
mates for the first step were reported and for the candidate
items, the parameter estimates for the second step were pro-
vided. Because multiple DIF tests were conducted (one for
each item) and to avoid type I error inflation, the Benja-
mini—Hochberg multiple comparison adjustment was applied
to all the DIF tests [24, 25]. Goodness-of-fit statistics were
used to assess the adequacy of the IRT models.

Uniform DIF assesses whether one group is consistently
more likely than another to endorse a survey item at each level
of the patient experience trait, e.g., care quality. Non-uniform
DIF is observed when there is cross-over, so that at certain
levels of the trait, one group is more likely to endorse the
item, while at other levels, the other group is more likely to
endorse the same item. The DIF tests reported were supported
by magnitude measures [26] assessed using the non-compen-
satory DIF (NCDIF) index [27, 28]. An NCDIF threshold of
0.054 and 0.006 has been recommended as reasonable cutoff
for small differences for items with four and two response
options, respectively [29]. For each DIF analysis, an item
characteristics curve (ICC) that presents the relationship
between a latent trait and the likelihood of endorsing a specific
level of an item, superimposed by groups being compared,
is used to represent the differences between the groups. We
also report the differential test functioning (DTF) index [27],
a summary of the compensatory DIF (CDIF) across items
in a construct that vary by the number of response options.
The cutoff for DTF, on the other hand, is computed by sum-
ming the NCDIF cutoff values for all the candidate items in
a construct. For the number of items and response options in
the different constructs, if they were all candidate items, a
threshold of 0.324, 0.726, and 0.054 is recommended for the
communication and caring, the quality of care and operation,
and the providing information to patient constructs, respec-
tively. We use test characteristic curves (TCC) depicting the
expected scale scores of the items as a function of patient
experience on the IRT scale for two groups.

Confirmatory factor analyses were conducted using
Mplus [30]; the propensity score and sample matching
was produced in SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA); and the IRT DIF analyses were conducted in
flexMIRT [31]. For the analyses, we created a SAS program
that generates the flexMIRT codes and produces the outputs
and plots from SAS commands.

Results
Patient characteristics and differences across groups

The sample of 1454 patients in the study was 51% male, 39%
White, 35% Black, 13% Hispanic, and 12% other races; 67%
with less than a high school diploma (see Table 1). Most of
them reported good (34%) or very good (24%) mental health,
good (34%) or fair/poor (45%) general health, and on average
they were on dialysis for three years. Men (n="739) and women
(n="708) in the sample have similar race/ethnicity, age, educa-
tion, and years on dialysis distributions but men were more
likely than women to report excellent and very good mental
and general health. Different age subgroups were similar on
gender and time on dialysis. The younger participants (age less
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than 65, n="756) were more likely to be minorities, to be more
educated, to have excellent mental health, and to have excellent
or very good general health than older participants (age more
than 65, n=693). On the other hand, less educated (less than
high school diploma, n=970) and more educated (n=473)
patients were similar on gender, general health, and years on

dialysis. The less educated were also less likely to be White, to
be younger, and to have excellent or very good mental health.
After propensity score matching, all these observed group
differences became negligible with 624 men matched to 624
women, 501 younger patients matched to 501 older patients,
and 419 less educated matched to 419 more educated patients.

Table2 Summary DIF analysis for the ICH-CAHPS items: gender, age, race and education groups

Construct Item description

Type of DIF, if present DIF magnitude (NCDIF)

Gender Age Educ. Race Gender Age  Educ. Race

Nephrologist’'s Communication and car-
ing (6 items)

Q3: Doctor listens carefully
Q4: Doctor explains things

Q5: Doctor shows respect

Q6: Doctor spends enough time

Q7: Doctor cared about you

Q10: Doctor seemed informed

Quality of care and operations (17
items)

Q11: Staff listens carefully

to understand
Q13: Staff shows respect

Q14 Staff spent enough time

Q15: Staff cared about you

Q16: Staff makes you comfortable
Q17: Staff keep information private
Q20: Comfortable asking staff
Q24: Staff inserts needle w/o pain
Q25: Staff checks you closely

Q27: Staff manages problems

Q29: Staff behaves professionally
Q31 rev: Staff explains test result
Q32: Staff discuss diet enough
Q40: On machine within 15 min

Q42: Center is clean

Q51: Satisfied with ways problems

handled

Providing information to patients (9

items) connection

Q12: Staff explains in a way that is easy A

Q22: Knows to take care of dialysis

A
U
A
A
NU
A

>

0.015 0.005

0.004
0.017

@

0.020
0.023

> > > > C > C

@

z > >

U 0.005

> > > > > >

0.094

NU 0.002 0.028

P e i i i i i e g

> > o> C> o

>
c
>

0.005

Q33: Staff gives information on patient A A A

rights

Q34: Staff reviews patient rights
Q35: Staff told you what to do if health A A U

problem at home

Q36: Staff told you how to get off NU U A

machine if emergency

0.018

0.004  0.006

Q44: They talked about Which treat- A A A

ment is right for you

Q46: They explain why you are not A A U

eligible for transplant

0.025

Q47: Talk about peritoneal dialysis A A A

Q48: Involved in choosing treatment A

>
>

Many of the observed DIFs were non-significant at 0.05 level after multiple test adjustment

Uuniform DIF, NU non-uniform DIF, A used as anchor item in the estimation

@ Springer
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Table 3 Estimated item parameters for graded response model: comparison of gender (male vs female)

ICH-CAHPS items Slope  Thresholds DIF test: y* (p value)
a b, b, b; a DIF b DIF
Nephrologist communication and caring (6 items), no DIF candidate item found, DTF=0.0057
Q3: Doctor listens carefully Female  3.62 -206 -084 -020 NS NS
Male 3.81 -208 -08 -0.16
Q4: Doctor explains things Female  2.55 -178 —-0.67 —-0.02 NS NS
Male 2.92 -157 -071 -0.06
QS5: Doctor shows respect Female 3.30 -196 -093 —-038 NS NS
Male 3.23 -199 -100 -030
Q6: Doctor spends enough time Female 3.42 -159 -042 0.26 NS NS
Male 2.98 -1.69 -0.50 0.20
Q7: Doctor cared about you Female 3.69 -192 -0.81 -029 NS NS
Male 3.26 -184 -089 -024
QI10: Doctor seemed informed Female  2.02 —-1.31 NS NS
Male 1.93 - 1.26

Quality of dialysis facility care and operations (17 items), DTF=0.0456
Items candidate for DIF (Wald-1 estimates)

Q11: Staff listens carefully Female  3.33 -245 -1.02 -025 NS NS
Male 4.06 -195 -093 -0.23

Q15: Staff cared about you Female 4.53 -189 —-086 —-0.25 54(0.02) NS
Male 3.47 -191 -099 -0.28

Q24: Staff inserts needle w/o pain Female 0.92 —-346 -090 0.98 NS 15.9 (0.001)
Male 1.03 -373 -137 0.41

Items identified as anchor (Wald-2 anchor selection estimates)

Q12: Staff explains in a way that is easy to understand Female 2.76 -210 -105 -023 NS NS
Male 3.02 -193 -101 -0.16

Q13: Staff shows respect Female  3.87 -193 -097 -028 NS NS
Male 3.66 -2.11 -100 -0.26

Q14 Staff spent enough time Female  3.02 -203 -090 -0.05 NS NS
Male 3.25 -194 -0.83 0.00

Q16: Staff makes you comfortable Female  3.32 -227 —-1.18 -048 NS NS
Male 3.25 -227 -116 -037

Q17: Staff keep information private Female 1.47 —-2.18 NS NS
Male 1.69 -2.26

Q20: Comfortable asking staff Female 2.04 - 1.76 NS NS
Male 1.99 - 1.85

Q25: Staff checks you closely Female 2.23 -282 —-1.13 -020 NS NS
Male 2.29 -262 -122 -0.16

Q27: Staff manages problems Female 2.63 -260 —-132 -050 NS NS
Male 2.73 -270 -135 -0.63

Q29: Staff behaves professionally Female  2.58 -254 -132 -047 NS NS
Male 2.51 -252 —-151 -052

Q31 rev: Staff explains test result Female 1.44 - 041 NS NS
Male 1.79 -0.29

Q32: Staff discuss diet enough Female 1.28 —1.91 NS NS
Male 1.14 —-2.21

Q40: On machine within 15 min Female 1.11 -3.19 —-1.04 0.54 NS NS
Male 0.90 —-398 —-149 0.48

Q42: Center is clean Female 1.37 -368 —-202 -060 NS NS
Male 1.19 -399 -231 -051

@ Springer
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Table 3 (continued)

ICH-CAHPS items Slope  Thresholds DIF test: y? (p value)
a b, b, b; a DIF b DIF

Q51: Satisfied with ways problems handled Female 1.81 - 189 -0.50 0.57 NS NS

Male 1.54 -1.87 —0.60 0.63
Providing information to patients (9 items), DTF=0.0035
Items candidate for DIF (Wald-1 estimates)

Q36: Staff told you how to get off machine if emergency Female  0.93 — 1.66 3.9(0.049) NS

Male 0.53 —-2.70
Items identified as Anchor (Wald-2 anchor selection estimates)

Q22: Knows to take care of dialysis connection Female 1.31 — 1.69 NS NS
Male 1.12 - 1.95

Q33: Staff gives information on patient rights Female 2.04 —1.49 NS NS
Male 1.58 - 1.63

Q34: Staff reviews patient rights Female 1.89 —0.82 NS NS
Male 1.65 -0.83

Q35: Staff told you what to do if health problem at home Female 1.82 - 1.04 NS NS
Male 1.53 -1.19

Q44: They talked about Which treatment is right for you Female  2.25 —0.81 NS NS
Male 2.52 -0.85

Q46: They explain why you are not eligible for transplant ~ Female  0.96 —0.45 NS NS
Male 1.01 -0.29

Q47: Talk about peritoneal dialysis Female  0.70 0.31 NS NS
Male 1.09 0.12

Q48: Involved in choosing treatment Female  1.66 - 1.50 NS NS
Male 2.31 -1.17

All the observed DIFs were non-significant at 0.05 level after multiple test adjustment

DTF construct-level differential test functioning

Assessment of factor structure

Adequate internal consistency and center level reliabil-
ity of the ICH-CAHPS in the three survey domains were
reported previously [14, 32]. In the current analyses, we
found support for the unidimensionality of the three ICH-
CAHPS scales with both the CFI and RMSEA indices from
confirmatory factor analyses (using diagonally weighted
least squares—WLSMV—in Mplus) indicating reasonably
good fit. The CFIs for communication and caring, qual-
ity of care and operations, and providing information to
patients were 0.988, 0.983, and 0.900 while the RMSEAs
were 0.040, 0.044, and 0.075, respectively. Although the CFI
and RMSEA for the composite on providing information
were close but did not meet the threshold for good fit, the
results of the bi-factor CFA model (y*>=1230.09; df=432;
p <0.001) supported unidimensionality across the constructs
with a CFI of 0.984 and RMSEA of 0.038.

Across the studied items, a small number of missing data
were observed on eligible participants and 2% or less of eligi-
ble patients were dropped from each item analysis using full-
information maximum-likelihood estimation. Out of the 32

items, only four that required eligibility have more than 3%
missing data. Without accounting for eligibility to the specific
questions, those four items have 25% (for Q25, “Staff checks
you closely”) to 76% (for Q51, “Satisfied with ways problems
were handled”) missing data but conditional on a participant
being eligible to a specific question, the missing rate on those
items was less than 2%. Results (not shown) from IRT model
fit and frequencies of the different answer categories (never,
sometimes, usually, always) for the item (Q31) “in the last
3 months, how often did dialysis center staff explain blood
test results in a way that was easy to understand” revealed
low levels of endorsement of all response options except for
the “always” option the item characteristic curve supported
collapsing the categories never, sometimes and usually
together. Hence, for the remainder of the analysis, Item Q31
was coded as “not always” (1) and always (2).

Gender DIF
None of the nephrologists’ communication and caring items

showed DIF between men and women (See Table 2) and the
DTF index was 0.0057, smaller than recommended cutoff of

@ Springer
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Fig. 1 Response curve for gender on selected candidate items and TCC curve for quality of care and operations

0.276. Nevertheless, prior to the Benjamini—-Hochberg cor-
rection, in the care and operations construct, a uniform DIF
was observed for the item Q24 “how often did dialysis center
staff insert your needles with as little pain as possible” where
men had a lower difficulty estimates (See exact estimates
in Table 3). For the same construct, non-uniform DIF was
observed on the item Q15 “how often the dialysis center staff
really cared about you as a person” while the item Q11 “how
often did the dialysis center staff listen carefully to you” did
not show any DIF after the Wald-1 test. On the NCDIF, the
DIF magnitude for those 2 items Q15 and Q24 was of small
size (0.005 and 0.047, respectively); values smaller than
the 0.054 recommended cutoff for items with four response
options [29]. Also, at the trait level, the DTF index was
0.0456 and smaller than the recommended cutoff of 0.163
for 3 candidate items. For the final trait of providing infor-
mation to patients, only one non-uniform DIF was observed
in the item Q36, “has any dialysis center staff ever told you
how to get off the machine if there is an emergency at the
center,” where women have slightly larger discrimination.

@ Springer

The NCDIF magnitude was very small (0.004) for this
dichotomous item. The ICC for the selected items which is
reported in Fig. 1a—c and Fig. 1d presented the TCC for the
quality of care and operations. The TCC showed no practical
difference between the two groups, and a similar TCC plot
was also observed in the providing information to patients
construct. Most of these observed differences remained sig-
nificant after adjustment for multiple comparisons, but all
the DIF magnitudes were below the recommended cutoff for
practical DIF.

Age DIF

Table 4 reported the exact estimates of the age DIF anal-
ysis. For the comparison between patients younger than
65 years old and the ones 65 year or older, two DIF items
were observed in the communication and caring trait prior
to multiple comparison adjustments. A non-uniform DIF
was observed for the item Q7 “how often did you feel your
kidney doctors really cared about you as a person,” with the



Quality of Life Research (2019) 28:3117-3135 3125

Table 4 Estimated item parameters for graded response model: comparison of age (less than 65 vs 65 or more)

ICH-CAHPS items Slope  Thresholds DIF test: 2 (p value)

a b, b, by a DIF b DIF

Nephrologist communication and caring (6 items), DTF=0.0111
Items candidate for DIF (Wald-1 estimates)

Q4: Doctor explains things Young 3.09 -181 -078 -020 NS 12 (0.007)
Older 2.79 -156 -074 -0.03

Q7: Doctor cared about you Young 4.25 -178 —-0.82 —-0.32 44(0.036) NS
Older 3.25 -197 -1.02 -041

Items identified as Anchor (Wald-2 anchor selection estimates)

Q3: Doctor listens carefully Young 3.75 -205 -092 -029 NS NS
Older 3.68 -216 -096 -0.30

QS5: Doctor shows respect Young 3.21 —-2.10 -104 -041 NS NS
Older 4.00 -179 -098 -044

Q6: Doctor spends enough time Female 2.92 -173 -054 0.13 NS NS
Male 3.44 -1.67 —-0.56 0.12

Q10: Doctor seemed informed Young 2.07 —-1.23 NS NS
Older 2.11 - 1.34

Quality of dialysis facility care and operations (17 items), No DIF candidate item found, DTF=0.0514

Q11: Staff listens carefully Young 3.53 -227 -101 =027 NS NS
Older 3.79 -204 -103 -032

Q12: Staff explains in a way that is easy to understand Young 3.13 -192 -1.09 =031 NS NS
Older 2.89 -194 -095 -0.17

Q13: Staff shows respect Young 4.00 -2.10 -095 -034 NS NS
Older 4.03 -193 —-1.05 -0.30

Q14 Staff spent enough time Young 3.17 -203 -091 -0.09 NS NS
Older 3.51 -188 —-084 —-0.07

Q15: Staff cared about you Young  4.02 -189 —-096 -031 NS NS
Older 3.89 -193 -098 -033

Q16: Staff makes you comfortable Young 3.54 -237 -—-121 -043 NS NS
Older 3.40 -227 -125 -054

Q17: Staff keep information private Young 1.31 —2.49 NS NS
Older 1.40 —2.50

Q20: Comfortable asking staff Young 1.90 - 1.96 NS NS
Older 2.07 - 1.83

Q24: Staff inserts needle w/o pain Young 0.99 -377 -1.10 0.62 NS NS
Older 1.08 -334 -1.14 0.43

Q25: Staff checks you closely Young 2.46 —-264 —-121 -020 NS NS
Older 2.19 -270 -126 -0.30

Q27: Staff manages problems Young 2.76 -260 -129 -0.58 NS NS
Older 2.75 -2.66 —-131 —0.66

Q29: Staff behaves professionally Young 2.57 —-243 —-141 -052 NS NS
Older 2.29 -259 -153 -0.64

Q31 rev: Staff explains test result Young 1.63 —-0.42 NS NS
Older 1.68 -0.27

Q32: Staff discuss diet enough Young 1.05 -2.39 NS NS
Older 1.40 - 1.96

Q40: On machine within 15 min Young 1.01 -382 -—-142 0.37 NS NS
Older 0.95 -374 -121 0.54

Q42: Center is clean Young 1.39 -382 -201 -0.55 NS NS
Older 1.17 —-446 -267 -—0.88
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Table 4 (continued)

ICH-CAHPS items Slope  Thresholds DIF test: 2 (p value)
a b, b, by a DIF b DIF

Q51: Satisfied with ways problems handled Young 1.59 —-194 -0.57 0.66 NS NS

Older 1.27 -234 -036 0.69
Providing information to patients (9 items), DTF=0.0211
Items candidate for DIF (Wald-1 estimates)

Q22: Knows to take care of dialysis connection Young 1.09 —-2.07 NS 8.6 (0.003)
Older 1.04 -1.62

Q36: Staff told you how to get off machine if emergency Young 0.50 —2.94 NS 4.6 (0.032)
Older 0.74 -1.62

Items identified as anchor (Wald-2 anchor selection estimates)

Q33: Staff gives information on patient rights Young 2.28 —1.04 NS NS
Older 1.40 - 1.69

Q34: Staff reviews patient rights Young 1.90 —0.54 NS NS
Older 1.29 -0.77

Q35: Staff told you what to do if health problem at home Young 1.22 - 1.10 NS NS
Older 1.85 - 0.84

Q44: They talked about Which treatment is right for you Young 1.80 -0.70 NS NS
Older 3.01 - 0.59

Q46: They explain why you are not eligible for transplant Young 1.26 0.24 NS NS
Older 1.18 - 0.09

Q47: Talk about peritoneal dialysis Young 0.85 0.35 NS NS
Older 1.06 0.58

Q48: Involved in choosing treatment Young 2.07 - 1.00 NS NS
Older 1.65 -1.14

All the observed DIFs were non-significant at 0.05 level after multiple test adjustment

Youngless than 65 years old, Older more than 65 years old, DTF construct-level differential test functioning

younger patients having higher discrimination and a uniform
DIF was observed in the item Q4 “how often did your kidney
doctors explain things in a way that was easy to understand.”
The NCDIF magnitude for the differences were 0.015 for Q4
and 0.017 for Q7 and the DTF index for the trait was 0.0111
(smaller than the cutoff). The quality of dialysis care and
operations items did not exhibit any detectable DIF (with the
DTF index of 0.0514) but two DIF items were observed in
providing information to patients composite prior to multi-
ple comparison adjustments. Uniform DIF was observed in
Q22 “do you know how to take care of your graft, fistula, or
catheter” with NCDIF magnitude of 0.005 as well as in Q36
“has any dialysis center staff ever told you how to get off the
machine if there is an emergency at the center” with a DIF
magnitude of 0.006. The DTF index for this construct was
also estimated to be 0.0211. Figure 2a—c presented the ICC
curves for selected DIF assessment and Fig. 2d presented
the TCC for the providing information to patients construct
and showed no practical difference between the two. Again,
for all the observed DIF, the magnitudes were below the
recommended cutoff for practical DIF.
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Education DIF

Patients with less than high school education were also com-
pared to those with at least a high school education. Prior
to multiple comparison adjustments, none of the items in
the communication and caring trait (DTF index =0.0039)
as well as the providing information to patients’ composite
showed any significant DIF (DTF index =0.0126). In the
quality of dialysis care and operations trait composite, items
Q11 “how often did the dialysis center staff listen carefully
to you,” Q12 “how often did the dialysis center staff explain
things in a way that was easy to understand,” and Q40 “how
often did you get put on the dialysis machine within 15 min
of your appointment or shift time” all showed uniform DIF
with magnitudes 0.020, 0.023, and 0.002, respectively (see
parameter estimates in Table 5). The DTF index for this trait
was estimated at 0.1059 and smaller than the recommended
cutoff for three candidate DIF analysis. Figure 3a—c reported
the ICC plot for the DIF items and Fig. 3d the TCC of the
quality of care and operations construct. Again, all the DIF
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magnitudes were smaller than the recommended cutoff for
practical DIF.

Race DIF

Two items in each construct showed significant DIF between
White and Black (see Table 6). The items Q4 “how often
did your kidney doctors explain things in a way that was
easy to understand” and Q6 “how often did your kidney
doctors spend enough time with you” in the nephrologists’
communication and caring construct showed uniform DIF.
The DIF magnitudes of those items were small of size 0.005
and 0.004, respectively, and the DTF index for the trait was
0.0108 (small). For the quality of cares and operations con-
struct, non-uniform DIFs were observed in the item Q24
“how often did dialysis center staff insert your needles with
as little pain as possible” (DIF magnitude 0.0094) and in
Q40 “how often did you get put on the dialysis machine
within 15 min of your appointment or shift time” (DIF
magnitude 0.028). The DTF index for the trait was 0.2224.
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1
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IRT construct ()

Response curve for age on selected items and TCC curve for communication

Finally, for the information construct, two uniform DIF were
observed, one in Q35 “has dialysis center staff ever told you
what to do if you experience a health problem at home” (DIF
magnitude 0.018) and Q46 “has either a doctor or dialysis
center staff explained to you why you are not eligible for
a kidney transplant” (DIF magnitude 0.025) and the DTF
index for the trait was 0.0098. The ICC for selected items
with observed DIF are reported in Fig. 4a—c, and Fig. 4d
presents the TCC for the communication construct.

Sensitivity analysis

Because the patient characteristics comparisons in DIF
groups revealed some confounding (Table 1), we examined
matched samples for these DIF analyses to assure that any
observed (or non-observed) DIF is not due to confound-
ers. We also conducted a sensitivity analysis on the full
sample to understand the impact of the confounders on
any possible DIF. All the DIF analyses conducted were
replicated on the full sample ignoring the confounders. In
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Table 5 Estimated item parameters for graded response model: comparison of education level (less than high school vs high school or more)

ICH-CAHPS items Slope Thresholds DIT test: »* (p value)
a b, b, by a DIF b DIF
Nephrologist communication and caring (6 items), no DIF candidate item found, DTF=0.0039
Q3: Doctor listens carefully < HS 3.41 —-2.26 -0.92 -024 NS NS
HS + 4.28 -2.15 -0.99 -0.14
Q4: Doctor explains things < HS 244 -191 —0.80 -0.11 NS NS
HS + 2.94 -1.73 -0.82 —-0.03
QS5: Doctor shows respect < HS 3.05 -2.11 -0.97 -036 NS NS
HS + 3.33 -2.19 - 1.05 -0.35
Q6: Doctor spends enough time < HS 2.85 - 1.69 —-0.49 0.18 NS NS
HS + 3.31 -1.82 —0.60 0.19
Q7: Doctor cared about you < HS 3.51 —1.90 - 0.96 —-0.30 NS NS
HS + 3.06 —2.00 -0.92 -0.20
Q10: Doctor seemed informed < HS 1.62 —1.43 NS NS
HS + 2.03 -1.33

Quality of dialysis facility care and operations (17 items), DTF=0.1059
Items candidate for DIF (Wald-1 estimates)

Q11: Staff listens carefully < HS 3.26 -221 - 0.82 —-0.11 NS 18.7 (0.000)
HS + 3.54 —-2.32 -1.17 -0.13

Q12: Staff explains in a way that is easy to understand < HS 2.55 —-2.01 -0.84 -0.03 NS 16.5 (0.001)
HS + 2.85 —-2.14 -1.19 -0.11

Q40: On machine within 15 min < HS 0.93 —3.60 -1.07 0.62 NS 14.8 (0.002)
HS + 0.96 —-3.94 -1.39 0.89

Items identified as anchor (Wald-2 anchor selection estimates)

Q13: Staff shows respect < HS 3.26 —-2.28 —1.00 —-0.22 NS NS
HS + 3.63 -2.16 -1.07 -0.17

Q14 Staff spent enough time < HS 2.65 -2.14 -0.70 0.11 NS NS
HS + 3.04 -2.17 —0.94 0.13

Q15: Staff cared about you < HS 3.32 -1.90 —-0.86 —0.18 NS NS
HS + 3.57 -2.03 - 091 -0.10

Q16: Staff makes you comfortable < HS 2.97 —2.54 - 1.10 —-033 NS NS
HS + 3.15 -2.23 -1.14 -022

Q17: Staff keep information private < HS 1.49 —2.48 NS NS
HS + 2.19 -1.78

Q20: Comfortable asking staff < HS 2.32 - 1.76 NS NS
HS + 3.11 - 1.51

Q24: Staff inserts needle w/o pain < HS 0.77 -3.97 —-1.18 0.94 NS NS
HS + 1.13 —3.08 - 1.04 0.80

Q25: Staff checks you closely < HS 2.09 -3.11 -1.20 —-0.17 NS NS
HS + 2.47 —2.56 -1.12 0.07

Q27: Staff manages problems < HS 2.75 —2.64 —1.45 —-063 NS NS
HS + 2.12 —-2.94 - 1.38 - 041

Q29: Staff behaves professionally < HS 2.48 —2.68 - 1.20 -039 NS NS
HS + 2.86 —-247 - 145 -0.37

Q31 rev: Staff explains test result < HS 1.60 -0.19 NS NS
HS + 1.65 -0.27

Q32: Staff discuss diet enough < HS 1.15 -2.16 NS NS
HS + 1.18 - 1.89

Q42: Center is clean < HS 1.15 —4.41 —-222 —-055 NS NS
HS + 1.18 —3.50 —2.00 -0.27
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Table 5 (continued)

ICH-CAHPS items Slope Thresholds DIT test: »* (p value)
a b, b, by a DIF b DIF

Q51: Satisfied with ways problems handled < HS 1.48 —1.64 —-0.50 0.75 NS NS

HS + 1.57 - 1.73 - 0.51 1.37
Providing information to patients (9 items), DTF=0.0126

Q22: Knows to take care of dialysis connection < HS 0.77 —2.80 NS NS
HS + 1.09 —-2.35

Q33: Staff gives information on patient rights < HS 1.96 —1.46 NS NS
HS + 1.83 -1.73

Q34: Staff reviews patient rights < HS 2.14 —-0.83 NS NS
HS + 1.73 - 0.74

Q35: Staff told you what to do if health problem at home < HS 1.67 —1.10 NS NS
HS + 1.57 - 1.10

Q36: Staff told you how to get off machine if emergency < HS 0.68 —2.49 NS NS
HS + 0.59 -247

Q44: They talked about Which treatment is right for you < HS 2.16 —0.88 NS NS
HS + 2.37 -0.78

Q46: They explain why you are not eligible for transplant < HS 0.60 —-0.36 NS NS
HS + 1.21 -043

Q47: Talk about peritoneal dialysis < HS 0.77 0.20 NS NS
HS + 0.94 0.00

Q48: Involved in choosing treatment < HS 2.20 —-1.22 NS NS
HS + 1.91 -1.37

All the observed DIFs were non-significant at 0.05 level after multiple test adjustment

HShigh school diploma, DTF construct-level differential test functioning

this setting (summary results reported in Online Appen-
dix 2-6), many more items were observed with DIF. For
gender comparison, three cases of uniform DIF and one
case of non-uniform DIF were detected (only one, Q47,
had an NCDIF larger than the recommended threshold)
compared to two cases of non-uniform and one case of uni-
form DIF (all of them with NCDIF below the threshold)
when samples were matched for confounder adjustment.
For the age comparison, sic cases of non-uniform DIF and
two cases of uniform DIF were observed (with two hav-
ing NCDIF slightly larger than the recommended thresh-
old) compared to three cases of uniform and one case of
non-uniform when adjusting for confounders (all of them
with NCDIF smaller than the threshold). For the education
comparison, while only three cases of uniform DIF items
were observed when we controlled for the confounders,
using the full sample led to seven cases of uniform and
four cases of non-uniform DIF (all but one of them with
NCDF below the thresholds). For the race comparison,

eight cases of uniform DIF and three cases of non-uniform
DIF (three of them with NCDIF larger than the thresh-
old) were observed compared to four cases of uniform and
two cases of non-uniform when adjusting for confounders
with a total of three of them with NCDIF larger than the
threshold. More importantly, when taking into account
the NCDIF, the confounder-free model resulted in no item
with practically large DIF across the three constructs for
gender, age, and education and only three DIF with mag-
nitude larger than what is recommended as a threshold for
practical DIF in race, but without such confounder adjust-
ment, a larger number of items remained with practical
DIF. This sensitivity analysis revealed that, because there
are competing differences in the sample being analyzed,
observed DIF in the full sample is potentially attributed to
such additional differences, since a matched sample is less
likely to produce biased estimates. The matching method
is thus a useful tool to account for the confounding when
the intent is to isolate specific sources of DIF.
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Fig.3 Response curve for education on DIF items and TCC curve for quality of care and operations

Discussion

Demographic differences (e.g., in gender, age, education,
race) may be associated with variation in care expecta-
tions among dialysis patients that can yield differences
in reported experiences of care in hemodialysis patients.
Differences by characteristics such as these have been
reported. For example, frail, elderly patients have been
found to benefit less than other [27], leading to hemo-
dialysis rationing by age in the United States that was
subsequently reversed under criticism of agism [33, 34].
Another study found significant associations of patient age
and gender and scores on the Kidney Disease Quality of
Life (KDQOL-36) measure [35]. A recent evaluation of
DIF for the KDQOL-36 noted that despite some DIF, the
magnitude was minimal [36].

Our study sheds a similar light on the possibility of sur-
vey questions used in ICH-CAHPS functioning differently
for men vs women, those less than 65 vs 65 years or more,
those with less than high school vs high school or more
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education and for White vs Black. The results suggested
that the three ICH-CAHPS composites are sufficiently
unidimensional for IRT analyses. In addition, no major
DIF was observed across the three patient experience
composites when confounders were controlled for, and
the few differences observed have DIF magnitude smaller
than what has been recommended as practical DIF, expect
for race where some residual differences remained. The
findings were different if covariates were not accounted
for, indicating that subgroup characteristics impact survey
item responses. Had any substantial DIF been present in
age, gender, and education, the results would have sug-
gested that ICH patients interpreted the survey questions
differently. The observed lack of meaningful DIF implies
that, any differences in care experience using ICH-CAHPS
between gender, age, and education level patients may
reflect disparities and inadequate care that have been pro-
vided on ICH patients based on different characteristics.
With the DIF observed in three items (even though with
small magnitude) between Whites and Blacks, caution
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Table 6 Estimated item parameters for graded response model: comparison of race groups (Black vs White)

ICH-CAHPS items Slope  Thresholds DIF test: y2 (p value)

a b, b, b, aDIF b DIF

Nephrologist communication and caring (6 items), DTF=0.0108
Items candidate for DIF (Wald-1 estimates)

Q4: Doctor explains things Black  2.57 —-206 -080 —-0.15 NS 13.9 (0.003)
White  3.06 - 1.70 -0.88 —-0.04

Q6: Doctor spends enough time Black  3.04 —1.86 —045 0.16 NS 16.5 (0.001)
White 3.44 -1.72 -0.64 0.22

Items identified as anchor (Wald-2 anchor selection estimates)

Q3: Doctor listens carefully Black  4.82 -228 —-081 —-030 NS NS
White  3.77 -196 -094 -0.20

QS5: Doctor shows respect Black  2.96 -2.12 -100 -042 NS NS
White  3.73 -193 -107 -0.39

Q7: Doctor cared about you Black  3.47 -201 -084 -032 NS NS
White  3.96 -195 -101 -0.37

QI10: Doctor seemed informed Black  2.10 - 1.20 NS NS
White  2.04 —1.44

Quality of dialysis facility care and operations (17 items), DTF=0.2224
Items candidate for DIF (Wald-1 estimates)

Q24: Staff inserts needle w/o pain Black  0.65 —-464 -1.11 1.16 12 (0.001) 34.9 (0.000)
White  1.20 -394 -1.66 0.36

Q40: On machine within 15 min Black  0.74 —-424 -1.24 0.76 7.4 (0.006) 19.5 (0.000)
White 1.14 -355 -1.53 0.47

Items identified as anchor (Wald-2 anchor selection estimates)

Q11: Staff listens carefully Black  3.67 -250 -—-1.13 -0.28 NS NS
White  3.38 -233 -1.13 -0.21

Q12: Staff explains in a way that is easy to understand Black  2.83 -210 -1.19 -0.35 NS NS
White ~ 2.55 -225 -124 -0.15

Q13: Staff shows respect Black  3.70 —-244 —-1.17 -0.32 NS NS
White  3.68 -229 -1.12 -0.28

Q14 Staff spent enough time Black  2.96 —-225 —-095 -0.05 NS NS
White  2.65 -236 -1.12 0.04

Q15: Staff cared about you Black  3.68 -223 —-103 -022 NS NS
White  3.88 -203 -1.14 -035

Q16: Staff makes you comfortable Black  3.13 —-253 —-128 —-047 NS NS
White  3.19 -227 -132 -045

Q17: Staff keep information private Black  1.90 -2.13 NS NS
White 1.73 -2.26

Q20: Comfortable asking staff Black  2.19 -1.92 NS NS
White  2.48 - 1.89

Q25: Staff checks you closely Black  2.53 —-295 -124 -036 NS NS
White  2.31 -267 —-140 -0.15

Q27: Staff manages problems Black  2.10 —-345 —-147 -0.68 NS NS
White  2.27 -331 -173 -074

Q29: Staff behaves professionally Black  2.79 —-249 —-146 -058 NS NS
White  2.73 -299 -170 -0.60

Q31 rev: Staff explains test result Black  1.48 -0.39 NS NS
White  1.50 —0.49

Q32: Staff discuss diet enough Black  0.94 —-2.77 NS NS
White  1.40 - 1.66
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Table 6 (continued)

ICH-CAHPS items Slope  Thresholds DIF test: 42 (p value)
a b, b, by a DIF b DIF

Q42: Center is clean Black  1.39 -354 -211 -051 NS NS
White  0.97 -575 =275 -0.65

Q51: Satisfied with ways problems handled Black  1.12 -250 -0.50 0.68 NS NS
White  1.52 -195 -0.63 0.82

Providing information to patients (9 items), DTF=0.0098
Items candidate for DIF (Wald-1 estimates)

Q35: Staff told you what to do if health problem at home Black 1.49 —1.53 NS 13.7 (0.000)
White  1.83 —0.90

Q46: They explain why you are not eligible for transplant Black  1.01 0.05 NS 10.7 (0.001)
White  0.99 -0.71

Items identified as anchor (Wald-2 anchor selection estimates)

Q22: Knows to take care of dialysis connection Black  1.15 —1.94 NS NS
White  0.69 -3.35

Q33: Staff gives information on patient rights Black 1.44 — 1.86 NS NS
White  1.55 —-2.02

Q34: Staff reviews patient rights Black  1.86 —0.96 NS NS
White  1.86 —-0.93

Q36: Staff told you how to get off machine if emergency Black  0.63 —2.57 NS NS
White  0.58 —2.46

Q44: They talked about Which treatment is right for you Black  2.57 —-0.92 NS NS
White  3.02 -0.83

Q47: Talk about peritoneal dialysis Black  0.95 0.11 NS NS
White  0.85 0.14

Q48: Involved in choosing treatment Black  1.65 -1.42 NS NS
White  2.52 -147

All the observed DIFs were non-significant at 0.05 level after multiple test adjustment

HShigh school diploma, DTF construct-level differential test functioning

should be used when making inference on race disparity
if those items are included in the comparisons.

As correlation is not causation and in DIF analysis, par-
ticipants are not randomized into different groups (e.g., gen-
der is not a random assignment), the traditional methods of
conducting DIF analysis have the potential to show items
that are functioning differentially, but such inference can be
confounded by other factors observed or non-observed in the
data. With the propensity score matching methods we used
in this study, we were able to render the comparison between
groups such as male vs female similar to a setting where the
group assignment can be randomized. This method provides
the advantage of eliminating potential of the observed or
non-observed DIF being attributable to other confounders.
As an add-on methodology to any method that can be sub-
ject to selection and confounder bias (including DIF), this
approach warrants further consideration as an addition to
existing psychometric toolbox for examining DIF when the
purpose is to isolate particular sources of DIF.

@ Springer

This study has limitations. The 46% response rate is mod-
est and may limit inferences, but higher response rates to
such surveys do not generally yield significantly different
estimates [37, 38]. Also, with participants being sampled at
the facilities, there is a potential that facility clustering not
been accounted for in our method, can lead to potential bias
or a too small standard errors in the estimators. In addition,
the relatively small number of participants in some demo-
graphic subgroups and the matched samples, allowing, for
example, only 58% of the sample to be matched and used for
analysis in the education level DIF, can tamper the generaliz-
ability of the results in some cases. The generalizability can
also be weakened for the “providing information to patients”
construct where the CFA fit was not optimal. Relatedly, struc-
tured missing data in some of the survey items can reduce
the analytic sample size, which can bias the DIF estimates
and inferences reported. Nevertheless, the sample size is large
enough for meaningful inferences and the results of this study
are relevant for policy makers.
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Conclusion

The success and quality of treatments for renal failure via
hemodialysis has been historically assessed using meas-
ures considered important by physicians, and although
instruments measuring the patient’s perspective have been
available for decades for health care in general and more
recently for kidney disease, their incorporation into routine
clinical hemodialysis practice has only been recent. The
fact that the Centers for Medicare and Medicaid Services
(CMS) now has ICH-CAHPS playing a significant role
in dialysis service evaluation in the United States by, for
example, making it part of CMS’s ratings of dialysis center
performance [39] is a signal of the importance of these
patient experience reports. This study supports continued
use of ICH-CAHPS to evaluate the care delivered to dial-
ysis facilities [40]. Decision makers using ICH-CAHPS
can make substantive comparisons of hemodialysis care
received between men and women, younger and older,
between more and less educated patients, and between

ICC for Quality of care: Q24 - Staff inserts needle w/o pain
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Response curve for race (black vs white) on selected items and TCC curve for communication

black and white patients because we found no impact of
measurement non-invariance between these groups after
controlling for other potentially confounding differences
between the groups. The ability to make such comparison
is also critical for patient choice of providers and facilities.
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