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Abstract

Background The EQ-5D is a generic health survey that
can be used to compare improvement across different
interventions, measure changes in health-related quality of
life over time, or to explore cost-effectiveness among
treatments, hospitals, or providers. The original EQ-5D
survey has three response options for each of five health
dimensions; however, with so few response options, ceiling
and floor effects are problematic in some populations. A
new version, called the EQ-5D-5L, was developed, which
gives respondents five answer options (the “SL” refers to
five response levels, which is in contrast to the original
survey’s three levels). However, the validity of this version
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has not, to our knowledge, been evaluated in patients
undergoing total hip arthroplasty (THA).
Questions/purposes The purposes of this study were (1)
to characterize the redistribution of responses using the
new version; (2) to describe the ceiling and floor effects in
the current three-level version and identify whether the
new EQ-5D-5L survey diminished these effects; and (3) to
understand the convergent validity of the new version with
the old and the EQ visual analog scale.

Methods Both versions of the survey were administered
either preoperatively or 1 to 6 years after THA, allowing at
least 2 weeks between administrations. Responses to the
two versions were compared to determine response redis-
tribution properties, ceiling and floor effects, and
convergent validity. Sample sizes were determined so that
the study would have 90% power to detect a Spearman
correlation over 0.7 when comparing the responses of the
three-level survey with the five-level survey and allowing
for a rate of 25% loss to followup.

Results Most patients before surgery used the new
responses in the majority of dimensions, whereas the
patients taking the test after surgery used the new responses
predominantly for the pain dimension. The five-level
diminished ceiling effects in both groups by up to 30% and
diminished floor effects in the pain dimension for patients
taking the assessment before surgery by 14%, which was
the only dimension in either patient group that had high
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rates of floor effects. The correlation between the surveys’
visual analog scale and response patterns was not different
for the two versions of the survey in these populations.
Conclusions The EQ-5D five-level survey appears able to
discriminate new health states indistinguishable in the
original, which may allow more sensitive measurements of
change in patients undergoing THA. The five-level survey
should be considered for implementation in local and
national registry monitoring of health-related quality of life
in patients undergoing THA.

Introduction

The EuroQol Group’s health-related quality-of-life
(HRQoL) measure EQ-5D is a generic health survey that is
part of the standard followup of pre- and postoperative
patients in national and local arthroplasty registries [5, 6,
14, 17]. The HRQoL data can be used to monitor
improvement after or between different interventions,
measure changes in HRQoL over time, or to explore cost-
effectiveness among treatments, medical centers, or
healthcare providers. The survey is brief, in our experience
taking approximately 3 minutes to complete, comprising
five questions and a visual analog scale (EQ VAS). This
makes it an attractive tool for busy clinics and patients [6].

Arthroplasty clinic patients at Massachusetts General
Hospital complete the EQ-5D survey before their
appointment as part of the standard of care providing the
surgeon with the patient’s self-rated HRQoL. The instru-
ment consists of five dimensions measuring mobility, self-
care, usual activities, pain/discomfort, and anxiety/depres-
sion. In the original version of the survey, the respondent
chooses from three levels which define each dimension: no,
some/moderate, and extreme problems. It has been argued,
however, that the EQ-5D-3L lacks descriptive richness and
is limited in its ability to measure small but clinically
relevant changes in the general population as well as in
specific patient groups [2, 12, 13, 15, 19]. In response, the
EuroQol Group developed a new five-level version of
the EQ-5D (EQ-5D-5L) [7]. In the five-level version, the
patient chooses from five response levels for each of the
dimensions: no, minimal, some, many, and extreme prob-
lems. The assumption is that when given response options
between no problems and some problems and between
some problems and extreme problems, the respondent can
provide a better profile of their health.

The five-level EQ-5D survey has been shown to have
face validity, decrease ceiling effects, and increase dis-
criminatory power in several patient populations over the
three-level version [8, 10, 11, 16, 18]. However, the
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validity of this version has not, to our knowledge, been
evaluated in patients undergoing THA.

We therefore investigated the new five-level version of
the EQ-5D survey in both a preoperative and a postoper-
ative THA population. This study had three purposes: (1) to
characterize the redistribution of responses using the new
version; (2) to describe the ceiling and floor effects in the
current three-level version and identify whether the new
EQ-5D-5L survey diminished these effects; and (3) to
understand the convergent validity of the new version with
the old and the EQ VAS.

Patients and Methods

In this institutional review board-approved prospective
study, individuals were invited to participate while in the
arthroplasty clinic. New patients older than 18 years of
age, with hip pain, visiting the arthroplasty clinic from
October 23, 2012, through March 19, 2013, and from
December 3, 2013, to March 1, 2014, who never had a hip
arthroplasty were invited to participate in the study
(approximately 283 patients) of whom 70 agreed (25%).
Between July 16, 2013, and June 19, 2014, patients older
than 18 years of age who were at least 1 year and up to
6 years after their THA were also invited to participate in
the study (approximately 245 patients) of whom 96 agreed
(39%). We state “approximately” because that was the
total number of patients meeting the stated inclusion cri-
teria who were seen during the periods in question;
however, the actual number invited may have been lower if
our study coordinator was not able to speak with every
patient, as seems likely. This means that the estimates of
the percentage of patients who agreed to participate given
here are likely to be conservative. Early standard of care
visits at our clinic occur 6 to 10 weeks and 1, 3, and
5 years after surgery. However, patients rarely come on
their surgical anniversary date; therefore, our inclusion
criteria considered patients up to 6 years followup. Patients
returning for immediate postoperative followup were not
included because their healing process would not be
complete. The EQ-5D-3L responses were not different
between the patients who agreed to participate in the study
from those who did not indicating a representative study
population (data not shown). After providing consent,
patients completed each version of the EQ-5D survey at a
minimum of 2 weeks apart. The first survey was completed
in the office and the second survey was completed either
online or by a paper form at home. A crossover design was
implemented in which half of the patients took the three-
level version first and the other half took the five-level
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version first. The order of the survey version administration
was tested using a Fisher’s exact test to determine the
association with the response patterns. There were two
populations of patients undergoing arthroplasty included:
first, patients visiting the clinic for hip pain who were
considering THA as a treatment, and second, patients who
had undergone THA between 1 and 6 years prior. Patients
who underwent revision THA were excluded. Response
time between the two survey administrations was investi-
gated to determine if the patient groups had different
response times using a Mann-Whitney test.

Fifty patients considering surgery and 77 patients who
had undergone THA completed the study by submitting
both versions of the EQ-5D survey. With the numbers
available, there was no difference in the mean age between
the patients taking the surveys before surgery and
those who took it after THA (63 + 13 years versus
66 £ 10 years respectively; p = 0.08). Of the individuals
who agreed to participate in the study, 79% of the patients
before surgery (50 of 63) and 80% of the patients after
THA (77 of 96) completed the second version of the sur-
vey. The EQ-5D-3L responses were not different between
the patients who agreed to participate in the study from
those who did not indicating a representative study popu-
lation. The administration order of the survey versions had
no influence on the patient response trends in either patient
group (all p > 0.210). Median followup between surveys
for the preoperative patients was 4 weeks (range,
2-19 weeks). The median followup between surveys for
the postoperative patients was 3 weeks (range, 2—7 weeks),
which was less than the preoperative patients (p < 0.001).
Seven of the 70 consented (10%) preoperative patients had
surgery before they could complete the second version of
the survey, were therefore not eligible for the second sur-
vey, and were excluded from the response rate calculations.

Responses to the three-level were compared with those from
the five-level on a case-by-case basis to determine whether their
responses were the same, they used the new responses, or the
responses were inconsistent from one survey to the next (Fig. 1).

A ceiling effect for a particular dimension was defined
by a patient responding with no problems. Individuals
responding with no problems across all dimensions had an
overall ceiling effect. Conversely, a floor effect for a

Fig. 1 Patient response trends
from the three-level survey to None —>

dimension or across all dimensions was defined by a
patient responding with extreme problems either to the
dimension in question or to all dimensions, respectively.
The proportion of ceiling and floor effects was compared
for each dimension and the overall survey using the paired
McNemar’s test to determine if frequencies of each effect
were equal.

Both versions of the EQ-5D survey also have the EQ
VAS ranging from zero to 100 in which the patient rates
their overall health on that day. Zero corresponds to the
worst imaginable health and 100 to the best. Spearman’s
rank correlation coefficient (ry) between these two EQ VAS
scores was determined with respect to one another as well
as to the five dimensions of the corresponding survey to
determine the convergent validity of both versions. The
strength of the correlations was defined as: absent (ry <
0.20), weak (0.20 < ry < 0.35), moderate (0.35 <r, <
0.50), or strong (rs > 0.50). Randomization tests for
paired data were used to compare the ry from the three-
level and the five-level in each dimension. To determine if
overall HRQoL changes were associated with patient
responses to the five dimensions, the change in the EQ
VAS score (dependent variable) was compared with the
response trends (same, new, or inconsistent) in each
dimension (independent variables) using linear regression
controlling for the order with which the versions were
administered. Regression coefficients (J3;) are presented for
one unit of change in the response to each of the dimen-
sions, eg, from no problems to some/moderate problems or
from some/moderate problems to severe problems. The
change in EQ VAS was also compared with the time
between the administrations for both patient populations
using linear regression controlling for the order. Regression
coefficients (B;) are presented for the number of units
changed in the EQ VAS for each doubling of the time
between administrations.

Sample sizes were determined so that the study would
have 90% power to detect a Spearman correlation over 0.7
when comparing the responses of the three-level survey
with the five-level survey allowing a loss to followup rate
of 25%. Although care was taken when recruiting patients,
it has been our experience that some subjects are less
willing or able to complete the agreed followup once they

the five-level survey are defined
as same, new, or inconsistent.

EQ-5D-3L EQ-5D-5L EQ-5D-3L EQ-5D-5L EQ-5D-3L EQ-5D-5L
None None None None None
Minimal \ Minimal Minimal
Moderate —» Moderate Moderate < Moderate | Moderate Moderate
Many \ Many Many
Extreme —> Extreme Extreme / Extreme Extreme Extreme
SAME NEW INCONSISTENT
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leave the setting of the clinical office. We therefore
required at least 50 patients before surgery and at least 70
patients after surgery. All statistical comparisons were
considered significant if p < 0.05.

Results

The new response options in the five-level survey were
used by most patients before surgery in the majority of
dimensions, whereas the patients who already had surgery
were more likely to use the new response options in the
pain dimension. The most frequent response from the
patients taking the survey after THA was no problems in all
five dimensions in both the three-level and five-level sur-
veys (Supplemental Table 1 [Supplemental materials are
available with the online version of CORR™®.]). New health
states were identified in the majority of preoperative
patients in the mobility (60%), usual activities (58%), and
pain/discomfort (54%) dimensions using the five-level
version (Fig. 2). Most of the postoperative patients
reported no problems in the majority of dimensions in both

Preoperative Mobility Preoperative Self-care

Inconsistent - 4% Inconsistent - 14% Inconsistent - 10%

Same - 36% New - 44%
Same - 32%
New - 60%

Same - 42%

Postoperative Mobility Postoperative Self-care

Inconsistent - 8% Inconsistent - 8% New - 14% Inconsistent - 14%

New - 38%

Same - 55%

Same - 78% Same - 57%

Preoperative Usual Activities

Postoperative Usual Activities

versions of the survey excluding the pain/discomfort
dimension where the new responses were chosen 43% of
the time (33 of 77 patients). Some patients reported health
states that were more than one response option away from
their first, classified as inconsistent, in both pre- and
postoperative patients. These inconsistent responses ranged
from 4% to 14% in the patients before surgery and from
5% to 18% in the patients after surgery (Fig. 2).

Ceiling effects in the three-level survey were diminished
by adding the new response options in the five-level ver-
sion, but conversely, preoperative floor effects improved
for only the pain dimension with the addition of the new
response options. The ceiling effect diminished in just one
dimension (self-care) for the 50 preoperative patients from
33 to 18 patients (66% to 36%; p = 0.001), whereas ceil-
ing effects diminished in four dimensions for the 77
postoperative patients: mobility (from 42 to 30 patients),
self-care (from 69 to 61 patients), usual activities (from 50
to 38 patients), and pain (from 31 to 20 patients, all p
< 0.03; Table 1). It should be noted that ceiling effects
were seen in more than half of the preoperative patients in
only the self-care and anxiety/depression dimensions of the

Preoperative Pain/Discomfort Preoperative Anxiety/Depression

Inconsistent - 8% istent - 149
Inconsistent - 14% New-20%

Same - 38% New - 54%

New - 58%

Same - 66%

Postoperative Pain/Discomfort Postoperative Anxiety/Depression

Inconsistent - 18% Inconsistent - 5% New - 14%

New - 29%

Same - 39%
Same - 81%

Fig. 2 Proportions of patient response trends from the three-level survey to the five-level survey for each dimension in the preoperative and

postoperative patient groups are shown.

Table 1. Percentage of patients with a ceiling effect for each dimension of the EQ-5D and the complete surveys between the 3L and 5L versions

for preoperative and postoperative patients using McNemar’s test

Survey dimension Preoperative patients (n = 50)

Postoperative patients (n = 77)

EQ-5D-3L EQ-5D-5L p value EQ-5D-3L EQ-5D-5L p value
Mobility 16% 6% 0.06 55% 39% < 0.01
Self-care 66% 36% < 0.01 90% 79% 0.03
Usual activities 22% 20% 0.76 65% 49% < 0.01
Pain 6% 4% 0.56 40% 26% 0.02
Anxiety/depression 64% 62% 0.74 88% 82% 0.06
All dimensions 2% 2% n/a 30% 18% 0.04

Probability values presented in bold indicate significant decreases in ceiling effects.
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Table 2. Percentage of patients with a floor effect for each dimension of the EQ-5D and the complete surveys between the 3L and 5L versions

for preoperative and postoperative patients using McNemar’s test

Survey dimensions Preoperative patients (n = 50)

Postoperative patients (n = 77)

EQ-5D-3L EQ-5D-5L p value EQ-5D-3L EQ-5D-5L p value
Mobility 0% 0% N/A 1% 0% N/A
Self-care 2% 0% N/A 0% 0% N/A
Usual activities 6% 0% N/A 4% 0% N/A
Pain 18% 4% 0.008 5% 3% 0.317
Anxiety/depression 2% 2% N/A 3% 0% N/A
All dimensions 0% 0% N/A 0% 0% N/A

Probability values presented in bold indicate significant decreases in ceiling effects; N/A = not applicable because test could not be performed as

a result of zero values in the contingency table.

three-level survey, but ceiling effects were seen in all
dimensions of the three-level survey except the pain/dis-
comfort dimension in the postoperative patients. Only one
preoperative patient responded with no problems in all
dimensions in both versions of the survey, indicating that
an overall ceiling effect was uncommon in these patients.
In the postoperative patients, however, the overall ceiling
effect diminished with the new five-level survey from 23
patients to 14 patients of the 77 who completed both sur-
veys (30% to 18%; p = 0.04). Very few patients responded
with extreme problems in the majority of dimensions. It
was most often selected by the preoperative patients
(n = 9) in the three-level survey in the pain/discomfort
dimension (18%), which diminished to only two patients in
the five-level version (4%; p = 0.008). Because so few
patients selected extreme problems in the five-level survey,
the proportion of floor effects was unable to be compared
for any dimension except for pain/discomfort (Table 2). No
patients reported an overall floor effect in either version of
the survey.

The convergent validity of the five-level survey with
the three-level survey and the EQ VAS was favorable.
The EQ VAS from the two versions were strongly cor-
related with one another at 0.673 (95% confidence
interval [CI], 0.485-0.801) and 0.537 (95% CI, 0.355—
0.679) for patients before and after surgery, respectively
(both p < 0.001). In the preoperative group, correlations
between the dimensions of the five-level survey and the
EQ VAS were all either moderate or strong. Conversely,
the majority of correlations between the EQ VAS and the
dimensions of the three-level version were absent or
weak. In the postoperative patients, the mobility, usual
activities, and pain/discomfort dimensions were all mod-
erately correlated with the EQ VAS. The correlations
between the five-level survey and the EQ VAS in the
postoperative patients were moderate to high in all
dimensions but anxiety/depression (Table 3). In the

preoperative patients, change in the VAS score from one
version to the other was directly related to response pat-
terns in the pain/discomfort dimension. Individuals who
reported greater amounts of pain from one version to the
next also reported on average 13 point (95% CI, —26.0 to
—0.6) worse VAS scores (p = 0.04). Postoperative
patient-reported VAS scores tended to decrease with
worsening problems in each of the five dimensions but
were not found to be different in this population (all
p > 0.05). As the time between the completion of the
survey versions doubled, the preoperative EQ VAS scores
decreased by an average of three units (95% CI, 0.1-6.4;
p = 0.05). No trends were seen in the time between
surveys and the response trends to the five dimensions in
either group of patients.

Discussion

Patient-reported surveys are gaining popularity in the
assessment of outcomes after THA [17]. Minimizing the
number of questions the patient needs to answer while
identifying surveys that are sensitive to changes is critical
in alleviating the burden on the patient and providing
usable information for the clinician. The original EQ-5D-
3L is a brief survey but its sensitivity to change has been
questioned [2, 12, 13, 15, 19]. The new EQ-5D-5L survey
has been validated in several patient populations for
improving the sensitivity of HRQoL measurements [8, 10,
11, 16, 18], but has yet to be validated in a THA popula-
tion. Our work suggests that with the addition of two
response options, the five-level survey may be able to
better measure change in HRQoL after surgery. Patients
who had yet to undergo THA made use of intermediate
response options the majority of the time in the three
dimensions most relevant to hip disease (mobility,
usual activities, and pain/discomfort) allowing greater
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for looking at such a trend or simply that the EQ VAS
and the separate dimensions were measuring different
elements of their health status.

Our patient populations had some higher rates of incon-
sistent responses in certain dimensions than seen in other
EQ-5D-5L survey test populations [10, 11, 16, 18]. Unlike
our method, the most common technique in the literature for
comparing the three- and five-level surveys was to admin-
ister both surveys with demographic and additional survey
questions in between the two versions during the same sit-
ting [4, 10, 11, 16, 18]. As was seen by Janssen and
collaborators [9] in 2008, this simultaneous administration
of survey versions actually influenced patient responses
leading to patients avoiding intermediate response options
on the five-level survey if the three-level had been admin-
istered first. To avoid this bias, we administered the surveys
at least 2 weeks apart, in which half of the patients com-
pleted the three-level first and the other half completed the
five-level first. Our results indicated that with the separation
of administrations, the order of the surveys did not influence
the response patterns, which may have provided us with
better measures of patient interpretation of the new five-
level response options and, as explained earlier, changes in
patient health states over those 2 weeks likely contributed to
the inconsistent responses.

The five-level survey appears to be extremely valuable in
identifying preoperative health states, whereas it appears to
be slightly less so in the postoperative group. However, with
the greatest proportion of postoperative patients using the
new response options in the pain dimension, we gained
valuable information. THA is predominantly an elective
procedure undertaken to improve HRQoL through improved
mobility and decreased pain/discomfort. If these areas are
not improved, it is likely that patients will be dissatisfied
with their treatment [1, 3]. Because approximately one-fifth
of patients were able to report that they experienced more
mobility and pain/discomfort problems on the five-level
survey than on the three-level survey and another one-fifth
were able to report experiencing less problems, clinicians
got a better picture of how the patient was doing after sur-
gery. Subsequently, clinicians may better understand how
effective the THA was in improving HRQoL.

The five-level version of the EQ-5D survey performed
well in this population of pre- and postoperative patients
undergoing THA by decreasing ceiling and floor effects
and increasing the discriminatory power of the instrument
over the original version. Particularly in the preoperative
patients, we were able to discriminate new health states by
implementing the five-level version of the survey. Despite
most of the postoperative patients reporting no problems in
the majority of dimensions in both versions of the survey,
they more commonly made use of the new response
options in the pain dimension.

Because patients undergoing hip arthroplasty can be
vastly different from one another, it is important to have
assessment tools capable of capturing the nuanced differ-
ences among them whether in a single clinic or at the
national level. Incorporation of the five-level version of the
EQ-5D survey into national followup programs in
arthroplasty registries may mitigate previous concerns
about ceiling effects in the earlier version of the survey [12,
15, 17, 19] and will enable clinicians to better serve patient
needs by allowing researchers to identify risk factors for
more or less improvement after treatment.

By adding intermediate response options to the EQ-5D
survey, patients were allowed more flexibility in reporting
their health states. They were not forced to upgrade or
downgrade their current health to fit the parameters of the
survey. With this new but familiar tool, clinicians and
researchers may more accurately assess changes in HRQoL.
The EQ-5D-5L survey should be considered for implementa-
tion in place of the original three-level survey to assess patient
HRQoL before and after THA. Future studies of the EQ-5D-
5L survey in THA populations should explore if the survey’s
improved sensitivity will allow for improved measurements of
change in patient HRQoL either from the preoperative to
postoperative period or over time postoperatively.
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