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Highlights

� The EQ-5D, one of the most widely
used preference-weighted, patient-
reported outcome measures, has
been commonly collected in
randomized clinical trials. However,
it is not clear how it has been
analyzed and reported.

� A systematic review of published
literature and clinical trial registry
reveals a significant variation in the
models chosen for analyzing EQ-5D
data in trials, along with issues such
as lack of baseline adjustment and
missing data handling.

� Given the growing interest in using
preference-weighted instruments in
clinical trials, this review provides
insight into the application of
statistical methods and serves as a
basis for developing statistical
analysis guidelines for this type of
data, enhancing their value in
informing clinical and economic
Objectives: We conducted a systematic literature review to summarize the application of statistical
methods for analyzing treatment effect on EQ-5D in randomized clinical trials (RCTs).

Method:We searched 2 electronic databases (MEDLINE and EMBASE, from inception through 2021)
and www.clinicaltrial.gov. Eligible studies were RCTs that analyzed postbaseline EQ-5D data by
treatment group. Information on trial characteristics, EQ-5D data characteristics, and statistical
methods were extracted. Descriptive statistics were used to summarize results by dimension
response, EQ visual analog scale (EQ VAS), and EQ-5D utility.

Results: A total of 2125 trials met the eligibility criteria. EQ-5D was commonly considered a
secondary (n = 1219, 57.4%) or exploratory (n = 775, 36.5%) endpoint in RCTs. EQ-5D utilities
were the most analyzed. Both utilities and EQ VAS were primarily analyzed in numerical format.
The most common statistical models for analyzing utilities were the linear fixed-effect model
for single postbaseline (192/589, 32.6%) and the linear mixed-effect model for multiple post-
baselines (338/984, 34.3%). Of the 2054 studies that analyzed numerical EQ-5D, 221 (10.8%)
examined model assumptions and 438 (21.3%) adjusted for the baseline score. Missing data
were explicitly assessed in 661 trials, among which 347 (52.5% of 661) applied imputations,
with the 2 most used imputation methods being multiple imputations (n = 200, 57.6% of 347)
and last observation carried forward (n = 106, 30.5% of 347).

Conclusions: This review found that health utilities are the most frequently analyzed EQ-5D data
collected in clinical trials, followed by EQ VAS. Significant variation was observed in the
selection of models, with most trials lacking adjustments for baseline data and appropriate
methods for handling missing data.

Keywords: EQ-5D, patient-reported outcome, randomized clinical trial, statistical analysis.
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evaluations.
Introduction

A randomized clinical trial (RCT) is a prospective study design
that randomly assigns participants to an intervention or control
group. RCT is considered to be the gold standard for evaluating the
efficacy and safety of a new treatment.1 Although clinical metrics
are commonly used as primary endpoints in RCTs, patient-
reported outcomes (PROs) have been increasingly recognized as
an important outcome by regulatory authorities, reimbursement
agencies, guideline developers, and policy makers worldwide.2-7

The EQ-5D is one of the most used generic, preference-based
PRO instruments. It has a descriptive system and a visual analog
scale (EQ VAS). The descriptive system includes 5 dimensions:
mobility, self-care, usual activities, pain/discomfort, and anxiety/
depression.8-12 The original version of the EQ-5D (ie, EQ-5D-3L)
has 3 response options for each dimension, indicating “no” (usu-
ally coded as 1), “some” (2), and “extreme problems” (3). The re-
sponses to the descriptive system can be described as a 5-digit
1098-3015/Copyright ª 2025, International Society for Pharmacoeconomics and Ou
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string, with 11111 being the best health state (no problem in any
dimension) and 33333 the worst (extreme problems in all di-
mensions). The EQ-5D-3L describes a total of 243 (=35) health
states. The 3-level response options were later expanded into 5
levels of severity (ie, EQ-5D-5L): no, slight, moderate, severe, and
extreme, which describes 3125 (=55) health states.12,13 A health
state can be converted into a health utility value by applying a
scoring algorithm that is based on preferences obtained from the
general population. Health utility values anchor at 1 for full or
perfect health and 0 for being dead. Negative values can be
assigned to health states considered worse than dead.14-19 The EQ
VAS measures global health status on a vertical 20 cm scale
ranging from 0 (worst imaginable health on the bottom of the
scale) to 100 (best imaginable health on the top of the scale).12,13

The dimension response, EQ-5D utility, and the EQ VAS are the 3
distinct types of data generated from the EQ-5D.20

As a generic preference-based measure of health-related
quality of life (HRQoL), the EQ-5D has found broad applications
tcomes Research, Inc. Published by Elsevier Inc. This is an open access article
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in clinical trials, economic evaluations, population health surveys,
and routine clinical practice.21-24 There is a guidance book on
analyzing and reporting EQ-5D data, but it mostly focuses on
analysis for cross-sectional data or single cohort. In section 4.7, the
authors briefly list a few regression models available for analyzing
treatment effects using the EQ-5D but without any further de-
tails.20 It is not clear what and how statistical methods have been
applied to analyze EQ-5D data collected in RCTs. Therefore, we
conducted this systematic literature review to summarize the
statistical methods that have been used to analyze treatment ef-
fects on HRQoL as measured using the EQ-5D within the context of
RCTs.

Methods

Trial Identification

A systematic literature search of 2 electronic databases
(EMBASE and MEDLINE) was conducted from their inception
through November 15, 2021. The search strategy combined key
terms related to the study design (eg, RCT) and the terms used to
describe the EQ-5D. (see Appendix Table 1 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2025.02.001) In
addition, we also used the term “EQ-5D” and searched www.
clinicaltrial.gov, a registry database for clinical trials, on August
16, 2023. For every record identified, we recorded the National
Clinical Trial number and searched for corresponding publications
in PubMed. If no publication could be found on PubMed, we
reviewed and extracted the methods and results as posted on the
registry website.

Trial Eligibility

We included RCTs that analyzed postbaseline EQ-5D data by
treatment group. There were no restrictions for the patient pop-
ulation or type of treatment received. Outcomes of interest
included EQ-5D dimension responses, EQ-5D utilities, or EQ VAS.
Given that the review focused on estimating treatment effect on
EQ-5D, we did not include other EQ-5D-derived outcomes, such as
quality-adjusted life years or quality-adjusted time without
symptoms of disease or toxicity. These outcomes are composite
measures that incorporate both time and QoL. Analyses of these
outcomes differ from analyses of health utilities in terms of data
considerations and analytical methods. This exclusion also avoids
a potentially large amount of literature on economic evaluation as
a secondary use of the trial data. Peer-reviewed journal articles
and health technology assessment (HTA) reports were eligible for
inclusion. We excluded pilot and feasibility studies, reviews, edi-
torials, conference abstracts, and non-English language reports.

Trial Selection

Title and abstract screening were performed independently
and in duplicate by 8 reviewers (J.Y., R.X., Z.Y., Z.B., S.D., J.C., P.T.,
and M.L.) using Covidence.25 Subsequent full-text screening was
done independently by pairs of reviewers using Microsoft Excel.
Any discrepancies between reviewers were resolved by discussion
with a third reviewer. To prevent double counting, studies with
multiple publications (eg, a primary clinical article, a secondary
PRO analysis article, or an HTA report) were mapped to trial ID by
using the registration number, indication, treatments, and sample
size.

Data Extraction and Categorization

Data were extracted independently by 4 pairs of reviewers
using a standardized template in Microsoft Excel that was
developed and pilot tested by the research team. The following
information was extracted from the included studies:

1. Trial Characteristics: trial phase, starting year, design, thera-
peutic area, sample size, and follow-up duration.

2. EQ-5D data characteristics: type of study outcome for the EQ-
5D (ie, primary or secondary outcome. If the study did not
specifically identify EQ-5D as a primary or secondary outcome,
it was classified under exploratory outcomes. This includes
instances in which the EQ-5D was identified as a PRO or HRQoL
outcome.), EQ-5D data collection time points, EQ-5D data
analyzed (dimension response, EQ-5D utility, or EQ VAS), and
variable format (numerical and categorical). For the variable
format, EQ-5D utilities and EQ VAS scores are numerical data.
They can also be transformed into categorical data for analysis.
For example, a minimal important difference (MID) can be used
to classify the data into categories such as “deterioration or no
deterioration” and “improvement or no improvement” (eg, a
change in utility . MID vs a change in utility # MID); or a
threshold can be set to define health status categories such as
“good” (eg, utility . 0.8) or “bad” health. Dimension responses
contain 5 multilevel (3 or 5) categorical responses. These can
be simplified into binary data by grouping the responses into
“no problem” (level 1) vs “any problem” (level 2 and higher).
Numerical values could also be assigned to the levels of cate-
gorical responses (ie, 1 to level 1, 2 to level 2, and so forth),
which are then treated as numerical variables.

3. Statistical methods: methods used to estimate the treatment
effect on the EQ-5D, assumptions examined (eg, normal dis-
tribution and homoscedasticity), and methods for adjusting for
confounding factors and handling missing data.

We broadly grouped the statistical methods into descriptive,
bivariate, and multivariable methods. The descriptive methods
focus on the description of a single variable (ie, EQ-5D data). The
bivariate methods involve the EQ-5D with another variable (ie,
treatment arms), which may include parametric (eg, t test or
analysis of variance) and nonparametric tests (eg, Mann-Whitney
U test, x2 test) or simple regression analysis. The multivariable
methods include regression models involving the EQ-5D and
multiple variables. Linear or logistic regressions were further
categorized into fixed-effect models and mixed-effect models.
Generalized estimating equations were another longitudinal
multivariable analysis that can be used to handle both numerical
and categorical variables.26-28 We listed survival analyses as an
independent category because these methods focus on time to
event (ie, time to deterioration) or hazard instead of the magni-
tude of difference in EQ-5D or proportion of improvement.

Data Synthesis

We summarized the results by type (ie, dimension response,
EQ VAS, and EQ-5D utility), and format (ie, numerical and cate-
gorical) of EQ-5D data analyzed. We also reported the analyses
separated for single postbaseline follow-up and multiple follow-
ups. This is because subjects’ intermediate measures are corre-
lated with their prior data, yielding a within-subject correlation,
which can be expressed in a matrix. In the case of multiple follow-
ups, this matrix becomes high dimensional and requires addi-
tional consideration in the analysis. In contrast, a single follow-up
design results in a simpler correlation between baseline and
follow-up, which can be addressed using paired data analysis (eg,
analyzing change from baseline) without the need for a correla-
tion matrix. R statistical software (version 4.3.3)29 was used for
data analysis and visualization. The results are reported according
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to Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.30

Quality Appraisal

The objective of this review was to summarize statistical
methodology and not to estimate any treatment effect. As a result,
we did not perform any quality appraisal on the included RCTs
using the Cochrane risk-of-bias tool31 or Grading of Recommen-
dations, Assessment, Development, and Evaluations.32
Results

Summary of Study Selection

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram is presented in Figure 1. A total of 11
633 records were identified in the searches of electronic databases
and clinicaltrial.gov, of which 9030 abstracts and titles were
screened, and 7056 were included in the full-text screening. The
final analysis included 2125 unique RCTs.
Figure 1. The preferred reporting items for systematic reviews and

aAutomatic de-duplication by EndNote 20 and Covidence. bDue to the random assignm
reviewed by one person. Therefore, study de-duplication (n=923) was pushed to full-t
dStudy protocols were also excluded for "No EQ-SD results posted". eStudies with mult
a HTA report) were mapped to trial ID by using the registration number, indication, t
Characteristics of the Trials

Table 1 presents the characteristics of the 2125 RCTs. A total of
1316 (61.9%) were nondrug trials (eg, of surgical procedures, de-
vices, or diagnostic tests) that did not specify the trial phase.
Among the remaining 809 (38.1%) trials, 574 were phase 3 trials.
Parallel treatment design was used in 2044 trials (96.2%). The top-
5 therapeutic areas were orthopedics (n = 349, 16.4%), cardiology
(n = 296, 13.9%), oncology (n = 265, 12.5%), psychiatry (n = 172,
8.1%), and rheumatology (n = 161, 7.6%). Only 131 (6.2%) trials
measured the EQ-5D as a primary outcome. Instead, EQ-5D was
more frequently measured as a secondary (n = 1219, 57.4%) or
exploratory (n = 775, 36.5%) outcome. Baseline EQ-5D was
collected in 1881 trials (88.5%). 855 trials (40.2%) had single
postbaseline data collection and 1270 (59.8%) had more than 1
postbaseline data collection.

EQ-5D Data Characteristics

EQ-5D utilities were the most frequently analyzed type of EQ-
5D data (n = 1592, 74.9%). EQ VAS and dimension responses were
analyzed in 1197 (56.3%) and 385 (18.1%) trials, respectively.
meta-analyses flow diagram.

ents of abstract screening tasks in Covidence, duplicated abstracts might not be
ext screening stage. cNot RCTs, e.g., pilot studies, feasibility studies, reviews, etc.
iple publications (e.g., a primary clinical paper, a secondary PRO analysis paper, or
reatments, and sample size.
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Table 1. Characteristics of included trials.

Study characteristics Number of
studies,
n (%)
(N = 2125)

Trial phase
Phase 809 (38.1%)
1 8 (1.0%)
2 121 (15.0%)
3 574 (71.0%)
4 106 (13.1%)
Unspecified* 1316 (61.9%)

Treatment arm design
Parallel group 2044 (96.2%)
Crossover 51 (2.4%)
Factorial 28 (1.3%)
Others 2 (0.1%)

Therapeutic area
Orthopedics 349 (16.4%)
Cardiology 296 (13.9%)
Oncology 265 (12.5%)
Psychiatry 172 (8.1%)
Rheumatology 161 (7.6%)
Neurology 137 (6.4%)
Endocrinology 105 (4.9%)
Dermatology 76 (3.6%)
Primary care 75 (3.5%)
Pulmonology 66 (3.1%)
Others† 423 (19.9%)

Type of endpoint for EQ-5D
Primary 131 (6.2%)
Secondary 1219 (57.4%)
Exploratory‡ 775 (36.5%)

Baseline EQ-5D collection
Yes 1881 (88.5%)
No 202 (9.5%)
Unknown 42 (2%)

# of postbaseline EQ-5D collection
1 855 (40.2%)
$2 1270 (59.8%)

*Nondrug trials (on medical devices and surgical or diagnostic procedures) that
did not specify the trial phase.
†Others included analgesia/anesthesiology/anti-inflammatory, critical care,
dietetics, gastroenterology, geriatrics, gynecology, hematology, hepatology,
hospital management, immunology, infectious diseases, multimorbidity,
nephrology, obstetrics, ophthalmology, otolaryngology, pain management,
pediatrics, psychology, radiology, sleep management, and urology.
‡Trials that did not specify EQ-5D as a primary or secondary outcome were
classified under exploratory outcomes, eg, EQ-5D was a patient-reported
outcome or a health-related quality-of-life outcome.

Table 2. Frequency of EQ-5D data analyzed in randomized
clinical trials.

Utility EQ VAS Dimension
response

# of RCTs,
n (%)

N = 1592 N = 1197 N = 385 N = 2125*

Yes No No 777 (36. 6%)

Yes Yes No 661 (31.1%)

No Yes No 294 (13.8%)

No Yes Yes 143 (6.7%)

Yes Yes Yes 99 (4.7%)

No No Yes 88 (4.1%)

Yes No Yes 55 (2.6%)

EQ VAS indicates EQ visual analog scale; RCT, randomized clinical trial.
*Eight studies reported EQ-5D but did not specify the type of EQ-5D data.
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Table 2 shows the contingency table of the 3 EQ-5D data analyzed.
Most trials considered utility only (n = 777, 36.6%) or utility and EQ
VAS (n = 661, 31.1%). Utility and dimension response (n = 55, 2.6%)
and dimension response only (n = 88, 4.1%) were the least
analyzed.

Both utilities and EQ VAS were analyzed predominantly in
their original numerical format (n = 1573, 98.8% of 1592 and n =
1186, 99.1% of 1197, respectively) (Fig. 2). As shown in Figure 2A,
EQ-5D utilities were analyzed categorically by defining health
status as good/bad health (n = 6, 0.4% of 1592) or as stable/dete-
rioration/improvement (n = 51, 3.2% of 1592). Of these, 41 trials
categorized the utilities using MID. Figure 2B shows that EQ VAS
were categorized as good/bad health (n = 4, 0.3% of 1197) or stable/
deterioration/improvement (n = 40, 3.3% of 1197), with 32 trials
applying MID for the categorization.
As shown in Figure 2C, EQ-5D dimension responses were
analyzed in categorical (n = 231, 60.0% of 385) or numerical format
(n = 156, 40.5% of 385). Most categorical analyses used the percent
of dimension responses (n = 193, 50.1% of 385).

Statistical Methods Used to Analyze EQ-5D

Numerical format
Figure 3 presents a summary of the statistical methods used to

analyze numerical EQ-5D data. Among 589 trials that analyzed
single postbaseline utility, 84 (14.3%) used descriptive statistics,
221 (37.6%) bivariate methods, and 273 (46.3%) multivariable. The
most frequently used method was linear fixed-effect model (n =
192, 32.6%), followed by parametric test (n = 121, 20.5%) and
nonparametric test (n = 83, 13.9). Among 984 trials that conducted
analyses on multiple postbaseline utilities, 110 (11.2%), 299
(30.4%), and 612 (62.6%) used descriptive, bivariate, and multi-
variable methods, respectively. Linear mixed-effect model (n =
338, 34.3%) was the most frequently used, followed by the para-
metric test (n = 220, 22.4%) and fixed-effect model (n = 196, 19.9%).

For EQ VAS, among 489 trials with single postbaseline,
descriptive, bivariate, and multivariable methods were used in 89
(18.2%), 201 (41.1%), and 192 (39.1%) trials, respectively. Fixed-effect
model (n = 137, 28.0%), parametric test (n = 108, 22.1%), and
nonparametric test (n = 71, 14.5%) were among the most frequently
used. Among 697 trials with multiple postbaseline measurements,
descriptive, bivariate, and multivariable methods were used in 93
(13.3%), 216 (31.0%), and 427 (61.3%) trials, respectively, with mixed-
effect model (n = 245, 35.2%), parametric test (n = 129, 18.5%), and
fixed-effect model (n = 121, 17.4%) being the most frequently used.

Only 72 trials with single postbaseline and 84 trials with
multiple post-baselines analyzed EQ dimension responses in nu-
merical format. The most used methods for analyzing numerical
dimension scores included parametric test, nonparametric test,
fixed-effect model, and mixed-effect model, which aligned with
utility and EQ VAS analysis methods (Fig. 3).

Other models, including Tobit regression, beta regression,
Poisson regression, and quantile regression, were seen in very few
studies (,3 for each type of EQ-5D).

Of the 2054 studies that analyzed numerical EQ-5D data, 221
(10.8%) reported that they examined method assumptions and 438
(21.3%) adjusted for the baseline score as a covariate. Only 54
(2.6%) trials used MID to interpret the clinical meanings of the
treatment effect estimates.
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Categorical format
The statistical methods applied to analyze categorical EQ-5D

data are shown in Fig. 4. Nonparametric test (ie, chi-square test
or Fisher’s exact test) was frequently used across all types of EQ-
5D data (.25.0% in either single or multiple postbaseline ana-
lyses). Descriptive analysis was also regularly used in single
postbaseline analyses for all EQ-5D data (.20.0%) and multiple
postbaseline analyses for dimension responses (47/114, 41.2%).
Other common methods (.20.0% in any data analyses) included
fixed-effect logistic model and Cochran-Mantel-Haenszel test.

Survival Analysis

Seventeen trials applied survival analysis to estimate the time
to deterioration in utility, whereas 18 trials applied it to EQ VAS
(see Appendix Table 3 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2025.02.001)

Missing Data

Missing EQ-5D data were explicitly examined in 661 (31.1%)
trials, among which 347 (52.5% of 661) conducted imputations.
The most common imputation methods were multiple imputation
Figure 2. Variable format of utility, EQ VAS, and dimension response.
variable formats used for EQ VAS, and (C) proportion of variable form

The sum of percentages may exceed 100% due to multiple formats used in trials. 16
data and 8 (1 on utility and 7 on dimension response) did not describe variable forma
from baseline. 2Categorized as improved/deteriorated/stable/ by comparing change f
and bad health by specific thresholds, eg, utility . 0.78 was considered as good health
and population norms while thresholds for EQ VAS included 100 and 60. 4Response
(n = 200), and the last observation carried forward (n = 106).
Others included imputations with mean, regression, Markov Chain
Monte Carlo, nonresponder, and worst case.
Discussion

This systematic review summarized the statistical methods
used to analyze EQ-5D data collected in RCTs. The EQ-5D utilities
are the most frequently analyzed data. A wide range of descriptive,
bivariate, and multivariable statistical methods have been used on
EQ-5D data. The most frequently used models were the fixed-
effect model for single postbaseline data and the mixed-effect
model for multiple postbaseline data. However, no single
method emerged as dominant across studies.

Among the 3 types of EQ-5D data, utilities and EQ VAS were
primarily used to analyze treatment effects in the RCTs, whereas
the dimension responses were rarely reported or analyzed. A
similar usage pattern was also seen in HTA and regulatory
claims.33 As numerical summary measures, utilities and EQ VAS
offer certain advantages for analysis, such as conventional statis-
tical modeling and intuitive interpretation. To further facilitate
(A) Proportion of variable formats used for utility, (B) proportion of
ats used for dimension response.

studies were not included: 8 reported EQ-5D but did not describe the type of the
t. 1Categorized as improved/deteriorated/stable/ by positive/negative/no change
rom baseline with minimal important difference (MID). 3Categorized as full/good
while , 0.78 was bad health. Thresholds for utility included 1, 0.78, 0.6, and 0.5

change included improved/stable/deteriorated/mixed change.

https://doi.org/10.1016/j.jval.2025.02.001
https://doi.org/10.1016/j.jval.2025.02.001


Figure 3. Statistical methods for numerical utility, EQ VAS, and dimension response analyses by single versus multiple post-baselines.

The sum of percentages may exceed 100% since multiple methods could be applied in one study. Unknown methods were not included. Details can be found in
Appendix Table 2 in Supplemental Materials found at https://doi.org/10.1016/j.jval.2025.02.001. 1Parametric tests included t-test and ANOVA. 2Non-parametric tests
included Mann-Whitney U test and Kruskal-Wallis test. 3GEE models: Generalized estimating equations models. 4Others included beta regression models, constrained
longitudinal data analysis, cumulative probability models, general additive mixed model, growth curve model, median regression model, pattern mixture mixed model,
Poisson regression model, quantile regression model, regression with natural spline function, tobit regression model, two-part models, and weighted clustered
regression models.
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Figure 4. Statistical methods for categorical utility, EQ VAS, and dimension response analyses by single versus multiple post-baselines.

The sum of percentages may exceed 100% since multiple methods could be applied in one study. Unknown methods were not presented in this pie chart. Details can be
found in Appendix Table 3 in Supplemental Materials found at https://doi.org/10.1016/j.jval.2025.02.001. 1Non-parametric tests included chi-square test and Fisher’s
exact test. 2GEE models: Generalized estimating equations models. 3Others included ANOVA, Kruskal-Wallis test, linear regressions, Mann-Whitney U test, ordered
polytomous regression for repeated measures, and t-test. ANOVA, Kruskal-Wallis test, linear regressions, Mann-Whitney U test, and t-test were categorized in
"others" category because they were applied to the values of percentages, which were not considered as categorical variables.
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interpretation, MIDs have been developed for EQ-5D utility in
various disease areas34,35 (eg, cancer,36 stroke,37 rheumatoid
arthritis,38 and other chronic health conditions39), thus increasing
the usage of utilities. However, utility is not simply a single
number but a combination of both dimension responses and value
sets. The choice of value sets might influence the utilities because
different value sets can yield varying utility values, potentially
affecting treatment effect estimates. In contrast, dimension
responses can provide important nuances specific to each
dimension. For example, Hagiwara et al40 and Nauck et al41 found
statistically significant treatment effects on overall utility, whereas
certain dimensions, such as anxiety/depression, showed no
significant effects. To enhance the analysis of dimension re-
sponses, the Paretian Classification of Health Change has been
introduced,20 although we observed very few applications in
practice.42-44

https://doi.org/10.1016/j.jval.2025.02.001
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EQ-5D utilities and EQ VAS are known to have special distri-
butional characteristics, such as skewness, ceiling effects, and
discreteness, which pose challenges to the assumptions required
by regression models, eg, the normality assumption of linear
regression.45,46 In this SLR, we observed the frequent use of linear
regressions. However, few studies examined these assumptions.
Violation of model assumptions could lead to biased or inefficient
estimates of treatment effects. Moreover, this issue, combined
with the use of diverse methods across studies, may reduce the
comparability of results that complicate the evidence synthesis in
systematic reviews andmeta-analyses. Other methods, such as the
Tobit model,47-51 beta model,52,53 generalized additive models,54

and adjusted limited dependent variable mixture model,55,56 can
theoretically handle EQ-5D’s unique characteristics better. How-
ever, each model also has its own strengths and limitations, and it
remains unclear how different these models are in practice.
Furthermore, variation in the models chosen highlights the lack of
consensus on best practices in the field and indicates the need for
further research to compare different models.

Simulation studies and guidelines have recommended con-
trolling for potential baseline score differences in analyses, which
will increase the validity and reliability of estimates.34,57-63

However, less than 30% of RCTs explicitly reported adjusting for
the baseline EQ-5D score in their analyses. In addition, missing
data were explicitly examined in only 31.1% (661/2125) of included
trials. Mixed models have been recommended by guidelines64,65

because they can handle missing data by implicitly imputing the
missingness under the missing-at-random assumption.66,67 In the
reviews of PRO analysis methods, Pe et al68 and Qian et al69 found
an increasing trend of using mixed models in recent years. How-
ever, when introducing mixed models for longitudinal analysis,
Cnaan et al70 expressed concern regarding the mechanism for
missingness in quality-of-life measure. Patients with poor quality
of life (eg, due to adverse events or lack of treatment efficacy) are
less likely to contribute to the self-reported questionnaires, which
potentially violates the missing-at-random assumption in the
mixed models.70 To evaluate the robustness of analysis results
under different missing data assumptions, Scharfstein et al71

developed a semi-parametric method for global sensitivity anal-
ysis in clinical trials and demonstrated its application through a
clinical trial with missing PRO.65

The choice of analysis methods should be guided by the study
hypothesis or the estimands—the true treatment effects that the
study aims to estimate.72,73 For example, in a longitudinal trial, if
the change in an outcome over time is an estimand, then it would
be more appropriate to apply a mixed model which includes all
time points simultaneously, incorporating within-subject corre-
lation. Pe et al68 found few trials reported hypotheses in their PRO
analyses, and recent research and guidelines highlighted the need
for improvement in the description of estimands for clinical tri-
als.68,74-78

Our review has a few strengths. This is the first systematic
review that explores statistical methods specifically applied for
EQ-5D data analysis. Considering the characteristics of EQ-5D, we
described our findings based on the types and formats of EQ-5D
data. Because the EQ-5D is often a secondary or exploratory
outcome in RCTs, it may not be reported in titles and abstracts or
included as a keyword in peer-reviewed journal articles. This may
affect the sensitivity of electronic database search. In addition, a
nonsignificant result for an exploratory outcome may discourage
reporting, potentially leading to publication bias. We additionally
searched the clinical trial registry database to ensure our review is
comprehensive. Another strength is that we applied statistical
knowledge to address variations in reporting statistical methods.
For example, linear mixed model, also known as a multilevel
model or hierarchical model, was grouped as a linear mixed-effect
model in our analysis; analysis of covariance and multiple linear
regression were categorized as linear fixed-effect models.

Our review has a few limitations. We did not impose a time
constraint on the literature search. The usage of methods for PRO
analyses has changed in recent years compared with 20 years
ago.68,69 However, we found that the difference was small.
Commonly used methods (eg, linear regressions and t test) have
remained popular through decades. A wide time window allowed
us to gain a comprehensive understanding of the methods that
have been widely used. Another limitation is that most publica-
tions were clinical trials with limited space for descriptions of the
statistical methods and EQ-5D results. Therefore, the reporting of
nonprimary outcomes was even more sparse, which affected the
completeness of the information we extracted. For example, many
studies did not provide details about their models (eg, covariates
and correlation matrix); thus, the number of trials that accounted
for baseline adjustment or applied missing data imputation may
be underestimated. Other authors have recognized this issue and
called for standardized reporting of PRO data in oncology RCTs.68
Conclusion

This review found that health utilities are the most frequently
analyzed EQ-5D data collected in clinical trials, followed by EQ
VAS. Despite describing health profiles, dimension responses were
only analyzed in a small proportion of the trials. Significant vari-
ation was observed in the selection of regression models, with
most trials lacking adjustments for baseline data and appropriate
methods for handling missing data.
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