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Background: The 5-dimensional EuroQol questionnaire (EQ-5D) is validated to measure general health-related quality of life
(QOL). Our objective was to determine the responsiveness and minimal clinically important difference (MCID) of the EQ-5D health
utility value (EQ-5D HUV) and visual analog scale (EQ-5D VAS) in chronic rhinosinusitis (CRS).

Methods: 203 adults undergoing medical management for CRS were prospectively recruited. General health-related QOL (using
EQ-5D HUV and EQ-5D VAS) and CRS-specific QOL (using the 22-item Sinonasal Outcome Test [SNOT-22]) were measured at en-
rollment and a subsequent follow-up time point 2-12 months later. At follow-up, participants also rated change in general health
as “Much worse’, “A little worse”, “About the same’, “A little better” or “Much better” compared to enrollment. The EQ-5D HUV and
EQ-5D VAS MCIDs were calculated using distribution-based, anchor-based, and receiver operator characteristic (ROC) curve-based
methods.

Results: Change in SNOT-22 score was correlated with EQ-5D HUV and EQ-5D VAS change. Using the different methods of calcu-
lating MCID, we find the EQ-5D HUV MCID to be 0.04 and EQ-5D VAS MCID to be 8.0. The calculated EQ-5D MCIDs had approxima-
tely a sensitivity of 40-50% and specificity of 80% in detecting patients experiencing noticeable improvement in general health.

Conclusions: The EQ-5D responds well to changing CRS symptomatology. We propose MCIDs for EQ-5D HUV of 0.04 and EQ-5D
VAS of 8 in CRS patients, which although specific, are not sensitive for detecting patients experiencing improvement in general
health.
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mensional EuroQol questionnaire, EQ-5D, health utility value, visual analog scale, responsiveness

Introduction duced QOL and thus clinical decision-making is primarily made
Chronic rhinosinusitis (CRS) is an inflammatory disease of the based on patient-reported outcome measures reflecting QOL.
paranasal sinuses that is present in up to 10% of the population QOL impact can be assessed as disease-specific or general

12, The primary clinical manifestations of CRS include chronic health-related QOL. CRS-specific quality of life may be quan-
symptomatology, acute sinonasal exacerbations, and exacerba- tified through numerous validated tools and questionnaires
tions of comorbid pulmonary disease ¢®. These clinical manifes- (2 including the 22-item Sinonasal Outcome Test (SNOT-22),
tations of the disease drive the downstream CRS disease conse- which assesses nasal, sleep, ear/facial discomfort and emotio-

quences of decreased quality of life (QOL) and lost productivity. nal symptoms associated with CRS %' The SNOT-22 survey,
These disease consequences, in turn, lead to billions of dollars of ~ for example, has been well validated for the assessment of
costs annually for society due to direct healthcare expenses and CRS-specific QOL 9. General health-related QOL is frequently
indirect expenses . The primary impact of CRS on patientsisre-  assessed as one outcome metric for CRS @, The 5-dimensional



EuroQol (EQ-5D) questionnaire is a validated tool for assess-
ment of general health-related QOL using an associated health
utility value (EQ-5D HUV) and visual analog scale (EQ-5D VAS)
12 The EQ-5D HUV assesses health status and ranges from 0
(lowest health state—death) to 1.0 (perfect health status) and is
calculated from patient health status in five domains related to
mobility, self care, usual activities, pain/discomfort, and anxiety/
depression. The EQ-5D VAS uses a visual analog scale to assesses
patients’ self-reported current state of health—with 0 as the
minimum, representing the “worst health you can imagine’, and
100 as the maximum, representing the “best health you can
imagine”. The EQ-5D has been previously used, validated and
characterized for assessment of general health-related QOL and

thus represents one important tool for studying CRS outcomes
(13-15)

In the utilization of patient-reported outcome measures, the mi-
nimal clinically important difference (MCID) is frequently consi-
dered %', The MCID reflects the minimum change in a patient-
reported outcome measure that translates to a noticeable, and
clinically meaningful, change for the patient. Characterization
of the MCID for the SNOT-22, reportedly ranging from 9 to 12, as
well as an understanding of its accuracy to detect patients with
noticeable improvement in their health after medical or surgical
interventions for CRS has lead to many insights into the efficacy
of CRS-related treatments °'® The EQ-5D is increasingly used
in the longitudinal assessment of general health-related QOL in
CRS but no such characterization of its MCID has been perfor-
med. Previous studies of the MCID of the EQ-5D have shown
different values for different disease processes 92", Although
the EQ-5D is a frequently used tool for assessment of general
health-related QOL, its responsiveness and MCID for medically
managed CRS patients has not been established. In this study,
our objective was to establish the responsiveness and MCID of
the EQ-5D HUV and EQ-5D VAS in a cohort of patients under-
going medical management of their CRS 2.

Materials and methods

Study participants

This study was approved by our institution’s Human Studies
Committee. The participants in this study were adult patients
aged 18 years or older with consensus guideline criteria establis-
hed by the American Academy of Otolaryngology—Head and
Neck Surgery for CRS ©?, and were recruited between August 1,
2016 and March 1, 2018 prospectively and provided informed
consent for inclusion. Exclusion criteria included comorbid
diagnoses of: 1) vasculitis, 2) cystic fibrosis, 3) sarcoidosis, and 4)
immunodeficiency. In order to remove the confounding effect of
recent endoscopic sinus surgery, patients who had endoscopic
sinus surgery within the previous six months were also excluded
from enrollment.

Study design and data collection

MCID of EQ-5D in CRS

All patients who were enrolled were managed medically during
the entire study period. As recommended by consensus gui-
delines/recommendations and supported by level 1 evidence,
medical management of all participants’ CRS included intranasal
corticosteroids (spray or irrigations) and at least daily saline
irrigation . Short courses of systemic antibiotics or corticoste-
roids were provided as needed on a patient-specific basis and
consistent with the recommended use of these medications for
CRS patients 2, Participants were assessed at two time points—
enrollment and the next follow-up visit, which was two to twelve
months after enroliment. The length of time between enroll-
ment and the next follow-up visit was determined on a patient-
by-patient basis but no participant underwent endoscopic sinus
surgery during the study period.

At enrollment, the age, gender and smoking history of all
participants were recorded. Any participant who reported cur-
rent or former tobacco use was considered to be a smoker ?4.

All participants completed a SNOT-22 as well as an EQ-5D from
which both the EQ-5D HUV and EQ-5D VAS were determined
1225 All participants were also assessed by the evaluating rhino-
logist for a history of 1) aeroallergen hypersensitivity based on
formal allergy testing, 2) asthma, and 3) nasal polyps at the time
of enrollment based on nasal endoscopy. Aspirin sensitivity was
determined based on a history of exacerbated airway symptoms
with ingestion of non-steroidal anti-inflammatory drugs and a
confirmatory provocation test with an oral challenge. At the next
follow-up, participants completed another SNOT-22 and EQ-5D
but also answered a question related to change in general
health-related QOL that was previously used as an anchor for
calculation of MCID in CRS patients undergoing endoscopic
sinus surgery 19, This anchor question asked participants to
compare their general health at the follow-up visit to the time of
enrollment (a “transition rating”), as previously described, on a
five-item scale: “Much worse”, “A little worse’, “About the same’, “A
little better”, and “Much better” 19,

Statistical analysis

All analyses were performed with the statistical software
package R (www.r-project.org). Descriptive statistics, including
use of unpaired t-test and ANOVA were performed. All correla-
tions were calculated using Spearman’s method. Regressions
were performed as univariate linear regression where specified.
Recruitment was performed in order to detect differences of
large effect size (d=0.8) in the change of EQ-5D scores (HUV and
VAS) in participants answering their anchor question as “About
the same” compared to “A little better” with power of 0.8 at a
significance level of 0.05, reflecting an anchor-based method
of MCID calculation. The EQ-5D MCIDs were calculated in three
different ways. The first method was the distribution-based
method that was calculated as half of the standard deviation

of participants’ EQ-5D scores at enrollment 29, The second
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Table 1. Clinical and demographic characteristics of study participants.

All study
participants

Demographics

Age, mean in years, (SD) 54.1 (15.5)
Gender
Male 48.3%
Female 51.7%
Smoking 39.4%

Comorbidities

Aeroallergen hypersensitivity 48.8%
Aspirin sensitivity 4.9%
Asthma 32.0%

CRS characteristics

Nasal polyps 41.9%
Previous sinus surgery 37.4%
Patient-reported outcome measures at

enroliment

SNOT-22 score, mean (SD) 39.2 (22.6)
EQ-5D HUV, mean (SD) 0.85(0.12)
EQ-5D VAS, mean (SD) 71.8(19.8)
Patient-reported outcome measures at

follow up

SNOT-22 score, mean (SD) 30.6 (20.0)
EQ-5D HUV, mean (SD) 0.87(0.12)
EQ-5D VAS, mean (SD) 72.1(19.1)

method was an anchor-based method whereby the MCID was
calculated as the difference in mean EQ-5D score (HUV and
VAS) changes between participants responding with “About the
same” compared to those responding with “A little better” 101626,
The third method for calculating MCID used Receiver Opera-
tor Characteristic (ROC) curve analysis ¢, The ROC method
identified the change in SNOT-22 score which maximized the
sum of sensitivity and specificity of identifying participants who
reported an improvement (“A little better” or “Much better”) in
their sinus symptoms or general health. The area under the ROC
curve (AUC) was calculated with the trapezoid rule and the 95%
confidence interval of the AUC was calculated by performing
2000 bootstraps of the data.

Results

Study participants

There were a total of 203 participants and their baseline clinical
and demographic characteristics are described in Table 1. The
mean time between the baseline and follow-up visits was 170
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Figure 1. Scatterplot of change in participants’ SNOT-22 scores vs. their
change in A) EQ-5D HUV and B) EQ-5D VAS.

days (SD: 102 days; range: 62 — 364). The mean EQ-5D HUV was
0.85 (SD: 0.12; range: 0.35 - 1.00) at enrollment and at 0.87 (SD:
0.12; range: 0.29 - 1.00) at follow-up. The mean EQ-5D VAS was
71.8 (SD: 19.8; range: 10 - 100) at enrollment and 72.1 (SD: 19.1;
range: 15 - 100) at follow-up. The mean change in EQ-5D HUV
between study points was 0.02 (SD: 0.11; range: -0.27 — 0.56) and
the mean change in EQ-5D VAS between study points was 0.3
(SD: 18.6; range: -55 — 54).

Responsiveness of the EQ-5D

We next studied the responsiveness of the EQ-5D by comparing
the changes in EQ-5D HUV and EQ-5D VAS with the changes in
SNOT-22 from enrollment to the follow-up time point (Figure 1).
The change in the EQ-5D HUV was correlated with the change
in SNOT-22 score (p =-0.42, 95%Cl: -0.53 to -0.30, p<0.001).
Every incremental increase in SNOT-22 score by one point was
associated with a decrease of 0.003 in EQ-5D HUV (linear regres-
sion coefficient [3] =-0.003, 95%Cl: -0.003 to -0.002, p<0.001).
Likewise, the change in EQ-5D VAS was strongly correlated with
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Table 2. Anchor-based changes in EQ-5D.

General health anchor Much worse A little worse About the same A little better Much better

transition ratings

Change in EQ-5D HUV, mean (SD) -0.09 (0.11) -0.01 (0.10) 0.0 (0.09) 0.04 (0.09) 0.08 (0.15)
Change in EQ-5D VAS, mean (SD) -8.7 (28.6) -3.4(22.3) -4.6 (15.0) 2.9(15.4) 12.6 (18.0)
the change in SNOT-22 score (p =-0.47, 95%Cl: -0.57 to -0.35, the mean change of EQ-5D VAS between those reporting that
p<0.001). Every incremental increase in SNOT-22 score by one their general health was “about the same” vs. “a little better”
point was associated with a decrease of 0.5 in the EQ-5D VAS resulted in an MCID of 7.5 (95%Cl: 1.1 to 14.0, p=0.023). An MCID
(B=-0.5, 95%Cl: -0.6 to -0.3, p<0.001). of 7.5 for the EQ-5D VAS had 40.5% sensitivity and 81.4% spe-
cificity for detecting patients who experienced at least “a little”
Determining the MCID of the EQ-5D HUV in medically improvement in their general health. The ROC method identified
managed CRS patients an improvement in EQ-5D VAS of 1.0 (AUC=0.707, 95%Cl: 0.634 -
We first compared the changes in EQ-5D HUV values across 0.780, p<0.001) which maximized the sum of sensitivity (67.6%)
all transition ratings represented in our general health anchor and specificity (66.7%). These calculated MCIDs of 7.5 and 1.0 are
question (Figure 2 and Table 2 - top). There was a positive cor- in comparison to the distribution-based method of determining
relation between the transition ratings and the level of change the EQ-5D VAS MCID, which was equal to 9.9.
in EQ-5D HUV (p=0.34, 95%Cl: 0.21 - 0.45, p<0.001). Across the
transition ratings of our anchor question, there were statisti- Discussion
cally significant differences in the calculated changes in EQ-5D CRS is characterized by a significant decrease in a patient’s QOL
HUV (p < 0.001 by ANOVA). Using our anchor question, we 12 Using general health-related QOL, a metric of QOL that is
calculated the MCID of the EQ-5D HUV as the difference in the comparable across different diseases 2?7, it has been shown

mean change of EQ-5D HUV between those reporting that their that the QOL detriment associated with CRS is worse than
general health was “about the same” vs. “a little better’, which we  or similar to other serious, chronic diseases such as diabetes,
found to be 0.04 (95%Cl: 0.01 to 0.08, p=0.028). An EQ-5D HUV asthma and heart disease ?. General health-related QOL is also

MCID of 0.04 had 54.1% sensitivity and 79.8% specificity for de- an important metric since cost-effectiveness can be determined
tecting patients who experienced at least “a little” improvement by weighing the cost of an intervention against the impro-

in their general health. The ROC method, which seeks an MCID vement in general health-related QOL that it provides ?®. For
value that maximizes accuracy of identifying patients having example, prior study has established the cost-effectiveness of

improvement, found that an improvement in EQ-5D HUV of 0.01 endoscopic sinus surgery for chronic rhinosinusitis by compa-
(AUC=0.687,95%Cl: 0.611 — 0.764, p<0.001) maximized the sum ring post-surgical improvements of general health-related QOL

of sensitivity (60.8%) and specificity (73.6%). These calculated to the costs associated with the surgery ?°. The EQ-5D is one
MCIDs of 0.04 and 0.01 are in comparison to the distribution- tool for measuring general health-related QOL that has been
based method of determining the EQ-5D HUV MCID, which was utilized in the study of many diseases, including CRS ">, Prior
equal to 0.06 (one half the standard deviation of participants’ studies of the EQ-5D have validated both the EQ-5D HUV and
EQ-5D HUV at enrollment). EQ-5D VAS—including the establishment of responsiveness and
MCID—for a number of diseases. However, despite the use of
Determining the MCID of the EQ-5D VAS in medically the EQ-5D for the study of patients with CRS—a disease that is
managed CRS patients predominantly managed medically—the responsiveness of the
We repeated the above analyses to determine an MCID for the EQ-5D for medically managed CRS patients is unknown. Mo-
EQ-5D VAS. Comparing the changes in EQ-5D VAS values across reover, the MCID of the EQ-5D HUV and EQ-5D VAS have never
all transition ratings, represented in our general health anchor been established for any CRS patients. Here we demonstrate the
question (Figure 3 and Table 2 - bottom), we found a positive responsiveness of the EQ-5D as a metric for general health-rela-
correlation between the transition ratings and the level of chan- ted QOL measurement for medically managed CRS patients, and
ge in EQ-5D VAS (p=0.31, 95%Cl: 0.18 — 0.43, p<0.001). Across based on the results we have presented, we propose the MCID
the transition ratings of our general health anchor question, of EQ-5D HUV to be 0.04 and the MCID of the EQ-5D VAS to be 8
there were statistically significant differences in the calculated for patients with CRS.
changes in EQ-5D VAS (p < 0.001 by ANOVA). The difference in The EQ-5D, consisting of two components, was developed as
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Figure 2. Scatterplot of change in EQ-5D HUV against participant

responses to the general health anchor question.

a means of measuring general health-related QOL @, The first
component consists of questions in five domains related to
mobility, self-care, usual activities, pain/discomfort and anxiety/
depression, the answers to which can be used to calculate the
EQ-5D HUV. The second component is an unbiased measure-
ment of general health-related QOL (i.e. does not specifically ask
about any particular problem) using a VAS that asks patients to
simply rate “how good or bad your health is TODAY” on a scale of
0 (representing the worst health imaginable) to 100 (represen-
ting the best health imaginable) %, Since it was developed, the
EQ-5D has been used for measuring general health-related QOL
for many diseases as well as determining quality-adjusted life
years imparted by treatments in cost-effectiveness calculations
@), Previous studies have identified the MCID of the EQ-5D HUV
to range between 0.05 to 0.54 ™ and the MCID of the EQ-5D VAS
to range between 6 to 8 for diseases not including CRS 2039,

In order to establish its validity for a specific disease, it is impor-
tant to establish both responsiveness and MCID for the EQ-5D in
the setting of that disease ?2. Our findings not only establish the
responsiveness of the EQ-5D for CRS patients but our results are
also largely consistent with previous studies reporting MCID for
EQ-5D HUV and EQ-5D VAS, although there is clearly variability
in MCID from disease to disease. MCID is an important concept
in the use of patient-reported outcome measures and was

first defined as “the smallest difference in score in the domain

of interest, which patients perceive as beneficial and which
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Figure 3. Scatterplot of change in EQ-5D VAS against participant

responses to the general health anchor question.

would mandate, in the absence of troublesome side effects and
excessive cost, a change in the patient’s management.” ¢, Since
patient-reported outcome measures are subjective and not
made based on objective benchmarks, there is some inherent
intra-individual variability in how they are reported. As a result,
it may be unclear how much of an improvement in a patient-re-
ported outcome measure may translate to a clinically meaning-
ful change. This may be a particularly important consideration
in the interpretation of improved patient-reported outcome
measures after application of a treatment, e.g. as might be
reported for a clinical trial. The MCID has been proposed as one
means of determining a threshold for a significant or meaning-
ful change in a patient-reported outcome measure ®". However,
the MCID is also affected by patient biases including the context
(e.g. disease state or treatment status) within which the MCID is
calculated ©23, The utilization of MCID therefore requires calcu-
lation in specific disease scenarios. As the EQ-5D is increasingly
being used in studies of general health-related QOL in CRS
patients, we believe that our results may serve as a benchmark
against which results of studies using the EQ-5D for CRS patients
may be compared.

However, a strict application of the MCID in interpreting tre-
atment effect sizes should be done with the limitations of the
MCID in mind. Previous studies of MCIDs have often found them
to be specific for identifying patients with clinically significant
improvement but poorly sensitive 3. In other words, a not
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insignificant fraction of patients experiencing a clinically sig-
nificant improvement does not necessarily exceed an MCID of
improvement in the corresponding patient-reported outcome
measures. This is also consistent with our study, which found the
MCID of the EQ-HUV (0.04) to have 79.8% specificity but only
54.1% sensitivity in detecting CRS patients with noticeable im-
provement in general health-related QOL while the MCID of the
EQ-5D VAS ® had 81.4% specificity but only 40.5% sensitivity. We
have also found the same to be true for the MCID of the SNOT-
22, which we found to be highly specific (80-90%) but poorly
sensitive (50-60%) in detecting CRS patients who experienced

a noticeable improvement in sinonasal symptom burden ‘8.
Nevertheless, the results of our present study, while providing

a context within which future EQ-5D results in studies of CRS
patients may be placed, show that universal and strict applica-
tion of the MCID may not be accurate in identifying all clinically
significant improvement in general health-related QOL. Instead,
these results further support the notion that MCID should be
applied judiciously ®>3¥ with an understanding of its sensitivity
and specificity in detecting patients experiencing clinically
significant and meaningful improvement in a patient-reported
outcome measure.

This study should be interpreted in the context of its limitations
and, in particular, the limitations of the MCID. One important
consideration in any calculated MCID is how an anchor question
was applied: how much improvement is the minimum clini-
cally important improvement—"a little” or “a lot”? Consistent
with prior work on CRS patients, we deemed at least “a little”
improvement in patient-reported general health to represent
the minimal clinically important improvement %'®, We ac-
knowledge that this may be a point of debate, an area of future
investigation and yet another reflection of the subtleties that
are incorporated into the calculation (and must be considered

MCID of EQ-5D in CRS

in the interpretation) of MCID. General health-related QOL may
also be affected by disease processes that are distinct from the
prototypical symptomatic manifestations of CRS, for example
acute exacerbations of CRS or its effects on comorbid asthma
45837 Beyond CRS-specific disease manifestations, it is possible
that the status of other diseases may also impact a CRS patient’s
general health-related QOL. Thus changes in EQ-5D could be dri-
ven by many CRS-specific or CRS-independent disease proces-
ses. Additionally, none of these patients underwent endoscopic
sinus surgery, therefore it is certainly possible that the EQ-5D
MCIDs may be different in surgically managed CRS patients 1°18),
In fact, MCID could potentially be different in different subsets
of patients, for example those patients with polyps vs. those
patients without polyps. Finally, our patients were all medically
managed with saline irrigations and intranasal corticosteroid
sprays. The use of adjunctive systemic antibiotics or cortico-
steroids, which were given on a patient-by-patient basis, may
have introduced a confounding effect in EQ-5D responsiveness
or MCID, although we specifically chose a minimum 2-month
follow-up time period to maximize the likelihood of wash-out of
any systemic effects of such prescribed medications.
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