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Chapter 1

CONTEXT OF THIS THESIS

Patient-Reported Outcome Measures (PROMs) are self-reported questionnaires assessing
the experienced burden of disease and quality of life. Over the years, PROMs have become
crucial in evaluating the effectiveness of orthopedic procedures helping to quantify whether
a procedure achieved the intended benefit and to what extent. For example, patients
undergoing Total Hip or Knee Arthroplasty (THA, TKA) are typically asked to complete
PROMs before surgery and during the one-year follow-up. This thesis demonstrates how
routinely collected PROM data can be utilized to enhance the quality of care. Moreover,
it aims to address methodological challenges in this context, including the optimal choice
of PROM when measuring the impact on quality of life from adolescence to adulthood.

The remainder of the introduction is organized as follows. The first section provides an
overview of the orthopedic procedures addressed in this thesis. The subsequent section
explores the measurement and improvement of quality of care, particularly through the
use of PROMs. The final section summarizes the overarching aim of this thesis and outlines
the research questions.

BACKGROUND

Orthopedic surgery: evolution and current scope

The field of orthopedics has developed differently across countries. In the Netherlands, the
Dutch Orthopedic Association (Dutch abbreviation: NOV) was founded in 1898, Historical
records indicate that early ‘orthopedists’ primarily focused on non-surgical treatments for
malformations of the musculoskeletal system. During World War |, Dutch orthopedists
expanded their scope to include surgical treatments for traumatic injuries, aligning with
practice in other countries. Since then, the field of orthopedics has evolved significantly
in both the conditions treated and the treatments themselves. Today, orthopedic surgery
encompasses both surgical and non-surgical treatments for a wide range of musculoskeletal
diseases, including acute conditions (e.g., traumatic, infectious) and chronic disorders (e.g.,
degenerative, oncological, congenital).

The three orthopedic treatments and procedures addressed in this thesis
This thesis focuses on three distinct areas within contemporary orthopedics, each
representing a significant patient population.

Bracing therapy in Adolescent Idiopathic Scoliosis

Adolescent Idiopathic Scoliosis (AlS) is a growth disorder of the spine, that often presents
during childhood or adolescence?. It is typically characterized by an abnormal lateral
curvature of the spine, which is measured using the Cobb angle on anterior-posterior
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radiographs®. Bracing therapy is a commonly used treatment for moderate curvatures
(20-45 degrees) to slow down the progression and prevent the need for surgery®. AlS
patients, including those treated with a brace, experience a significant impact on various
aspects of their lives, including pain, mental health, self-image issues, and overall quality of
life®. The burden of this condition and its treatment extends into adulthood.

Primary THA and TKA in end-stage osteoarthritis and other conditions

THA and TKA are among the most commonly performed orthopedic procedures, primarily
used to treat osteoarthritis (OA). OA, a degenerative musculoskeletal disease, significantly
impacts patients’ mobility, pain levels, and quality of life®”. While it mainly affects older
populations, it can also affect younger individuals®. THA and TKA are typically performed
in patients with end-stage OA that do not respond to non-surgical treatments, providing
significant long-term pain relief and improved mobility®. Although OA is the main indication
for these procedures, they are also used to treat conditions such as femoral neck fractures,
posttraumatic sequelae, and osteonecrosis. The demand for THA and TKA is gradually
increasing due to factors such as aging populations, rising obesity rates, and lower surgical
thresholds for older patients with comorbidities.

Perioperative use of Peripheral Nerve Blocks in THA and TKA

Perioperative analgesia for THA and TKA is a crucial component of the surgical procedure.
Standard multimodal protocols are available, combining oral medications and local
anesthetic infiltration. Peripheral nerve block (PNB) analgesia is currently an optional
addition in the Netherlands and many European countries. Its presumed benefits are pain
reduction?® and fewer post-surgical complications (e.g., venous thrombosis)!*. In 2021, the
US-based ICAROS group issued a guideline recommending the standard use of PNB in THA/
TKA pain management, unless contra-indications are present. However, PNB application
varies significantly across US healthcare institutions due to various factors such as clinician
expertise®. In many European countries, including the Netherlands, rehabilitation for
patients after THA and TKA follows the principles of Fast Track Surgery*:. Multimodal pain
protocols are also used, and on top of this, patients are encouraged to get out of bed
and walk under the supervision of a physiotherapist on the day of surgery. Routine PNB
application is not considered beneficial, as some evidence suggests that it is associated
with increased falls and loss of motor control during the initial days following surgery* >,

THE MEASUREMENT AND IMPROVEMENT OF QUALITY OF CARE

PROMs as reflection of the quality of care

All medical professionals strive for high-quality care, defined as care that positively impacts
patients’ health outcomes and that is delivered through a patient-centered process.
Achieving this goal requires continuous performance evaluation and corrective actions
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based on suboptimal outcome metrics. Since the 1970s, the medical field has used the
Donabedian framework to conceptualize quality of care, its measurement and subsequent
management. This framework consists of three components: structure, process, and
outcome, which are hierarchically ordered®. Structure refers to the healthcare delivery
settings, such as provider qualifications and institutional resources. Process denotes the
components of care delivered and all underlying operational and logistical procedures, such
as the delivery chain of materials. Outcome refers to the observable effects of healthcare
interventions on patient health status, e.g., clinical outcomes and quality of life measures.
The framework assumes the structure to support the process, and the process to underpin
the outcome. Donabedian assumed some structures and processes by virtue of their set-up
were superior, including connected to better outcomes. Another way of thinking initiated by
Cochrane gained popularity during this period, emphasizing evidence-based practice as the
fundamental driver of quality improvement®. Cochrane also introduced economic indicators
in addition to clinical indicators as important quality metrics, broadening the scope of
healthcare quality assessment. However, after years of experience, these models were
found to lack certain features necessary to truly improve quality of care. The Donabedian
model, for example, does not acknowledge potential complex interactions between the
three components and lacks opportunity for comparison at national and international
levels®®. The Cochrane model, allows evaluation of new treatments or technologies, but it
offered no clear guidance as how to improve the current (standard) practice.

For these reasons, around 2000, the World Health Organization (WHO) drifted away from
the Donabedian framework. The WHO introduced a quality of care model that could be
universally used, regardless of the political system and the economic development of a
country. Their model, described in the report 'Health Systems Performance’ starts and
ends with the patient’s perspective®. In this model, what matters most are the patient’s
experiences with the processes of the health services/providers (coined ‘responsiveness of
the health system’) and the observed outcomes such as mortality and self-reported health.
One may recognize the influence of the ‘patient- or person-centered care’ movement. In
the following decades, the questionnaires designed to capture the patient experiences
with the services/providers were coined Patient-Reported Experience Measures (PREMs),
while the questionnaires to capture health outcomes were the already introduced 'PROMs’.

Important international bodies recognize this way of thinking on quality of care®. The
framework by the Organization for Economic Cooperation and Development (OECD)
is shown in Figure 1%, Five dimensions are deemed to represent a healthcare system’s
performance: effectiveness, safety and responsiveness, access to healthcare, and costs.
The OECD framework fully incorporates the point of view that performance is about
characteristics that can be observed and/or experienced by the patient. For this thesis, it is
important to add that the WHO/OECD framework recognizes the equity of health outcomes

10
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as a key component. In short, it addresses health differences between particular patients
and population groups that are considered morally wrong and unjustified. This criterion of
quality is described in more detail in the section ‘PROMs in empirical research’.

Health A
/A

Non-health care determinants of health

Healthcare System Performance
How does the health system perform? What is the level of quality of
care across the range of patient care needs? What does the performance
cost?

Equity

Dimensions

Access Cost/
expenditure

Accessny

= S
Efficiency
Macro and micro-economic efficiency

Health system design, policy and context

Figure 1: Framework for the evaluation of quality of care, reproduced with permission from Carinci,
F. et al, on Behalf of The OECD Health Care Quality Indicators Expert Group (2015)
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PROM: self-reported experience of health

A PROM is a questionnaire designed to quantify the level of health. While preferably self-
reported, most PROMs allow for proxy respondents (e.g., parents, teachers), which may be
necessary if the patient is too ill, too young, or cognitively/physically unable to respond to
questionnaires®. Two types of PROMs can be (roughly) discerned. Firstly, generic PROMs,
which measure health outcomes from an overarching perspective, allowing comparison
between different diseases and a general judgment on severity. These measures are often
multi-dimensional. Examples include measures of overall quality of life (e.g., EQ-5D*) or
measures of well-being (e.g., WHO-5%%). Secondly, there are disease-specific PROMs, which
aim to measure health concepts, symptom burden, and functional status (e.g., Oxford Hip
and Knee Score (OHS/OKS)?) associated with a specific disease or group of diseases.

PROMs have played a significant role in generating evidence on interventions, with generic
PROMs being particularly instrumental in the exponential growth of economic evaluation.
Economic evaluation data should be generalizable, as they are typically used to compare
quantified benefits across diseases and conditions when prioritizing new treatments. The
EQ-5D is frequently used for this purpose, with a substantial body of evidence supporting
its validity and reliability in various clinical conditions. Nowadays, the WHO/OECD advises
incorporating PROMs throughout health systems. The annual OECD report ‘Health at a
Glance’ states, ‘A deeper understanding of quality of care requires measuring what matters
to people.’?. Over the past decades, the adoption of PROMs across most medical domains
has been profound?, including in the Netherlands.

PROMs in orthopedics

Over the years, professional ambition, as well as economic pressure from payers
(government, insurers), has prompted orthopedic surgeons to analyze their results and
quantify the impact of the treatments on patients in greater detail. Typical clinical outcome
measures are adverse outcome measures, such as revision rates of joint implants, re-surgery,
and mortality rates?*3°, PROMs offer a valuable additional perspective on the impact of
orthopedic treatments on important health domains relevant to the procedure, such as pain
relief, improved mobility, and (joint) functioning. As joint prostheses are considered medical
technologies, an economic evaluation is typically also required parallel with effectiveness
measurement; hence, there is an important role for generic PROMs in this field. Also in
orthopedic surgery, this role is often fulfilled by the EQ-5D, which is collected in 61% of
orthopedic quality registries (QRs) (discussed below)3. In view of the long tradition of
measuring and using PROMs, the OECD regards orthopedics as a frontrunner in this regard?®.

Collecting PROMs data: quality registries

QRs are an essential tool for collecting the abovementioned adverse event and PROM
data, and increasingly, PREM data. Often initiated and managed by national medical

12
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specialty organizations, QRs collect detailed case data on patients with specific conditions
or interventions. Data registration is often voluntary, but sometimes it is required as a
quality indicator by the organization. Historically, the collected data consisted of specific
information related to the procedure. When comprehensive, QRs serve as powerful tools
for quality improvement across various levels of healthcare systems. As QRs evolve, there
is a growing trend toward cross-border collaboration and alignment. These international
collaborations are challenging as data processing across nations requires strict adherence
to privacy regulations such as the General Data Protection Regulation (GDPR). QRs are
recognized as an important quality control tool, as evidenced by upcoming legislation
that provides a framework for their use and mandates their implementation in specific
healthcare areas®.

Orthopedic quality registries

Orthopedic QRs were among the first and are considered pioneers. Notable examples
are the Swedish Knee and Hip Arthroplasty Register, established in 1975 and 1979. These
registries had the primary aim of tracking the performance of different types of prostheses®*
34 Over time, these QRs have significantly improved the quality of care by identifying and
discontinuing poorly performing implants.

Our thesis focuses on the Dutch Arthroplasty Register (Dutch abbreviation: LROI). The LROI
is a joint implant registry founded in 2007 by the NOV. Initially, it focused on registering the
most commonly performed arthroplasties, specifically THA and TKA®. It registers important
prosthesis characteristics and a basic set of patient- and surgery-related variables, such as
age, body mass index, and surgical approach. Mandatory registration has led to a coverage of
>95% for these procedures. The LROI has expanded its registration to include various other
joints (e.g., ankle, wrist) and procedures beyond prostheses (e.g., treatment of clubfoot).

In 2014, the LROI began collecting generic (EQ-5D*) and disease-specific PROMs, including
pain scores, the OHS/OKS?, the Hip dysfunction, and Osteoarthritis Outcome Score Physical
Short-Form (HOOS-PS)*, the Knee Injury and Osteoarthritis Outcome Score Physical Short-
Form (KOOS-PS)*’), as well as satisfaction and other change-related questionnaires. By doing
so, it followed the example of various other orthopedic QRs®®. Although PROM collection is
not mandatory, the NOV strongly advises surgeons to collect these measures, resulting in
an average nationwide response rate of 40% for PROMs before and after surgery.

The practical use of orthopedic QR data can be subdivided in a. routine clinical care and
b. empirical research applications. The potential of PROMs in these applications is large.
When combined with other data, PROMs offer a unique perspective, as described in the
section ‘PROM: self-reported experience of health’.

13
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Leveraging routinely collected PROMs to enhance quality of care processes
How to use outcome data to improve quality of care

The following section focuses on the use of outcome data, in particular PROMs, in
orthopedics. Practically, quality can be improved through two mechanisms: a. raising
the standard in all, and b. reducing practice variation (per institution, per professional).
Whatever the target, we assume adequate systems and data processing such as case-mix
adjustment.

From signal to action

It is practical to distinguish between health system ‘levels’ at which PROMs may impact
quality of care. Here we cite the Alberta PROMs and EQ-5D Research and Support Unit
(APERSU, Canada) framework which categorizes the potential impact of PROMs at three
levels®. Note that this framework also acknowledges other outcomes than PROMs.

a) Micro-level: this refers to using PROMs to improve health at the individual patient level.
Examples include providing feedback of PROM results to patients and/or providers to
improve communication, tools to facilitate shared decision-making, monitoring treatment
success, and alerting providers to symptoms that require treatment. The LROI, for example,
has recently launched a shared decision-making tool (‘Patients Like Me’) that provides
patients with insights into their expected results following arthroplasty*.

b) Meso-level: at this level, aggregate PROM data could be used within a surgical unit or
hospital to continuously evaluate the outcomes of patient groups and providers. Examples
include identifying groups with suboptimal outcomes and comparing outcomes within a
surgical unit to identify areas for improvement.

c) Macro-level: This level is similar to the meso-level but operates at the hospital, regional,
or national level. A well-known example is using PROM data for ‘benchmarking’, where
aggregate PROM results are used to solicit feedback, analyze contributing factors, and drive
subsequent improvement. The National Health Service’s PROMs program aimed to promote
the use of PROM data for this purpose in several surgical fields, including orthopedics®.
Another example is using PROMs data in a plan-do-check-act (PDCA) cycle. A PDCA cycle is
a framework to guide the continuous improvement of healthcare and services provided®.

Several systematic reviews aimed to determine the effectiveness of these interventions,
however, most are of older date. In general, evidence at the micro-level supports its use in
terms of effectiveness; however, at both the meso- and macro-levels, evidence is scarce
and has not shown a beneficial impact**=°, Also, it should be noted that the effective and
efficient translation of suboptimal PROM results into actions by the healthcare actors

14
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is still in its infancy. This thesis reviews contemporary literature and searches for novel
applications in orthopedics and other medical specialties within this framework.

PROMs in empirical research

This section describes the use of PROMs along other data to address contemporary clinical
issues in THA and TKA patients. Three examples show the utility of these data for quality
improvement, through an underlying data analysis specifically developed for the issue (yet
seemingly unsuitable for routine use). These examples are: socioeconomic inequalities in
PROMs, inequalities in access to PNBs in perioperative care, and the impact of COVID-19
on PROMs.

Socioeconomic inequalities in PROMs in THA and TKA

QR data is vital for identifying which patients benefit most from procedures compared to
those who do not, based on patient and surgical variables. A strong focus has been placed
on the so-called justifiable variables within the LROI and beyond. ‘Justifiable’ variables are
typically associated with differences in outcomes, but these differences are not viewed as
unjust as they can often be explained. For example, a recent study highlights the impact
of smoking on the risk of revision and mortality following THA or TKA%.. Other examples
include body mass index and comorbidities.

‘Unjustifiable’ variables are also often associated with differences in outcomes, even after
adjusting for ‘justifiable’ variables. These differences are viewed as unjust because there
is typically no sufficient (biological) explanation to account for the observed disparity>2.
These differences are referred to as ‘inequalities’. The PROGRESS-plus variables are a
fundamental set of social determinants considered driving forces of inequalities®. The core
set covers place of residence, race/ethnicity, occupation, gender/sex, religion, education,
socioeconomic status, and social capital. Over time, personal characteristics associated
with discrimination (e.g., age) and features of relationships (e.g., smoking parents) have
been added. For certain variables, determining whether differences are unjustified requires
careful investigation, as biological explanations may play a relatively stronger role (e.g., age).
Inequalities based on these variables pose a significant challenge in most medical and public
health domains across all countries. Besides being considered unjust in general, they also
hinder economic development?® %4,

The Commission on Social Determinants of Health (CSDH) of the WHO has developed a
framework illustrating how socioeconomic determinants impact health outcomes (Figure
2)>>. This framework highlights the complex relationship between PROGRESS-plus variables,
intermediary determinants (e.g., health behaviors), the healthcare system, and finally, health
outcomes.

15
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Figure 2: Framework of the WHO on social determinants and their impact on health, reproduced
with permission from Solar, O. et al. (2010)

Contemporary evidence in orthopedics has convincingly demonstrated the relation between
place of residence, race/ethnicity, and socioeconomic status (SES), and the effectiveness of
procedures®®-°8, For example, patients with lower education, lower socioeconomic status,
or belonging to a minority group are readmitted and experience complications more
often following orthopedic procedures. Older age and male sex are also known associates
with poorer outcomes following arthroplasty®. Less focus has been placed on the other
PROGRESS-plus variables. Including PROMs in QRs has created opportunities to investigate
inequalities in the burden of disease and quality of life, providing additional insights into
underlying mechanisms. Therefore, this thesis utilizes LROI data to study the presence of
socioeconomic inequalities in PROMs of THA and TKA patients.

Our understanding of intermediary determinants and the role of the healthcare system in
these inequalities is limited. The LROI (and most other orthopedic QRs) lacks information
on determinants such as treatment advice, comorbidities, waiting times, traveling distance,
and health literacy. Of course, registering each procedure is labor-intensive for the surgeon,
and filling out PROMs places a high demand on patients. As such, the burden of collecting
additional information should be weighed against the expected benefits from collecting it.

Practice variation in the perioperative use of PNB in THA and TKA

Evidence in orthopedics has also consistently shown the relationship between patients’
place of residence, race/ethnicity, and SES and the access to and utilization of surgical
procedures®8, For example, studies have shown differential rates of THA and TKA across
socioeconomic groups, with lower utilization observed in more socioeconomically deprived
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populations. Female patients have been found to receive fewer THA and TKA relative to their
estimated need compared to male patients®. We may assume this reflects a disadvantage
for females, as the effectiveness of THA and TKA is undisputed.

At a deeper level, such practice variation may also be present in the use of PNBs in THA
and TKA. US-based private insurance databases have shown that deprived and minority
groups receive significantly fewer PNBs after adjusting for potential confounders® ¢, If
PNBs are effective, the differential use can be considered a health inequality. This thesis
investigated PNB practice variation within a public national insurance program (US-based
Medicare (insurance) data), trying to unravel whether patient rather than hospital or
provider factors were the drivers for variation. Subsequently, we investigated whether
PNB use was associated with improved outcomes, which would provide additional support
for the statement that practice variation is an inequality.

Impact of the COVID-19 pandemic on PROMs in THA and TKA patients

Finally, PROMs data offer the opportunity to study the impact of public health phenomena
or policy implementations, such as the COVID-19 pandemic. The COVID-19 pandemic was
an unprecedented challenge to all healthcare systems, with far-reaching consequences®.
Large shifts in healthcare resources were needed. Elective care, including orthopedic
procedures, was reduced to a minimum, particularly in times of high COVID-19 infections
and the number of hospital beds occupied®. The loss of quality-adjusted life years (QALYs)
due to the postponement of primary and revision THA and TKA was estimated to be large®*.
Other mechanisms may be at play in addition to loss of QALYs due to postponing care. For
example, physiotherapists were also obligated to close during lockdowns, and hence, it
is conceivable that recovery after THA or TKA during the COVID-19 pandemic was worse
compared to pre-pandemic periods. This thesis utilizes QR data (LROI) to investigate this
phenomenon. The findings can guide future policy decisions, particularly in balancing public
health measures with the continued need for essential elective procedures.

Challenges of PROMs

Although PROMs have changed the landscape of modern orthopedics, numerous
methodological challenges have come to light over the years. This thesis addresses several
of these:

a) Lifespan consistency: Attention has been drawn to measuring the quality of life
consistently over the entire lifespan. The EuroQol Research Foundation has developed
a child-specific variant of the EQ-5D (EQ-5D-Y) with more child-specific questions and
answers®> %, While the use of EQ-5D-Y is advised for ages 8-11, it’s unclear whether the
EQ-5D or EQ-5D-Y is more appropriate for adolescents aged 12-17%". This issue plays a role

17
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in orthopedic diseases that develop during childhood or adolescence, with an impact on
quality of life persisting into adulthood, such as Adolescent Idiopathic Scoliosis (AIS).

b) Selection bias: Patients who complete PROMs may differ systematically from those who
don’t, typically resulting in decreased observed differences®®.

c) Reporting heterogeneity: PROMs, like all other types of measures, are subject to
measurement error. One specific type of measurement error is reporting heterogeneity,
which refers to the systematic differences in reporting based on factors unrelated to the
treatment itself. For example, well-educated patients have been shown to report a lower
quality of life, on average, than their actual or ‘true’ level of quality of life®.

Other methodological considerations exist both within and outside of orthopedics:

d) Sensitivity to change: PROMs may struggle to detect meaningful changes in a patient’s
condition.

e) Response shift: Patients’ internal standards or perceptions of their health may change
over time, affecting the interpretation of longitudinal data.

f) Mode of administration: The method of PROM collection (e.g., paper-based vs. electronic)
can affect response rates and data quality.

g) Timing of collection: Timing of PROMs collection may influence results.

AIMS AND RESEARCH QUESTIONS

This thesis aims to identify opportunities for improved clinical practice in orthopedics using
existing PROM data while developing our knowledge of the use of PROMs within this field.

Chapter 2 provides an overview and synthesizes all available evidence of PROMs applications
in routine clinical care according to the framework by APERSU*. Chapter 3 uses LROI data
to study the presence of SES inequalities in PROMs in THA and TKA patients. Chapter 4
uses the same data; however, it zooms in on whether the magnitude of inequalities differs
across various PROMs and if specific domains are more affected. Chapter 5 uses Medicare
insurance data to study inequalities in the perioperative use of PNBs in THA and TKA
patients. Chapter 6 uses LROI data to study the impact of COVID-19 on PROMs in THA and
TKA patients. Chapter 7 addresses an important methodological consideration of measuring
quality of life from adolescence to adulthood. In Chapter 8, we will discuss the findings from
Chapters 2 to 7 and identify future directions.

18
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The following research questions were defined for Chapters 2 to 7:

1) How are PROMs effectively used to improve the quality of care, and which characteristics
of PROMs-like interventions determine their effectiveness? (Chapter 2)

2) Is SES associated with PROMs in THA and TKA, and via which mechanisms? (Chapter 3)

3) How do SES inequalities vary across different PROMs, and which domains are most
affected in THA and TKA patients? (Chapter 4)

4) What is the role of socioeconomic, patient, and hospital characteristics in the utilization
of PNBs in THA and TKA patients? (Chapter 5)

5) Has the COVID-19 pandemic impacted PROMs in THA and TKA, and via which mechanisms?
(Chapter 6)

6) Is a child-specific or an adult quality of life instrument more suitable for assessing an
adolescent population with adolescent idiopathic scoliosis? (Chapter 7)

19
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ABSTRACT

Background

Patient-reported outcome measures (PROMs) provide invaluable information on patients’
health outcomes and can be used to improve patient-related outcomes at the individual,
organizational and policy levels. This systematic review aimed to a) identify contemporary
applications and synthesize all evidence on the use of PROMs in these contexts and b) to
determine characteristics of interventions associated with increased effectiveness.

Methods

Five databases were searched for studies providing quantitative evidence of the impact
of PROM interventions. Any study design was permitted. An overall benefit (worsening)
in outcome was defined as a statistically significant improvement (deterioration) in either
a PROM, patient-reported experience measure or clinical outcome. Study quality was
assessed using the Effective Public Healthcare Panacea Project’s Quality Assessment Tool
for Quantitative Studies. A narrative synthesis was conducted.

Results

Seventy-six studies of the 11,121 articles identified met the inclusion criteria. At the individual
level, 10 (43%) of 23 studies that fed back PROMs to the patient or healthcare provider
showed an improvement in outcome. This percentage increased in studies which used PROMs
to monitor disease symptoms and linked these to care-pathways: 17 (68%) of 25 studies using
this mechanism showed an improvement. Ten (71%) of 14 studies using PROMs to screen
for disease found a benefit. The monitoring and screening approach was most effective
using PROMs covering cancer-related, depression and gastro-intestinal symptoms. Three
studies found that the mere collection of PROMs resulted in improved outcomes. Another
three studies used PROMs in decision aids and found improved decision quality. At the
organizational/policy level, none of the 4 studies that used PROMs for benchmarking found
a benefit. The three studies that used PROMs for in-depth performance analyses and 1 study
in a plan-do-study-act (PDCA) cycle found an improvement in outcome. Studies employing
disease-specific PROMs tended to observe improved outcomes more often. There are
concerns regarding the validity of findings, as studies varied from weak to moderate quality.

Conclusions

The use of PROM s at the individual level has matured considerably. Monitoring/screening
applications seem promising particularly for diseases for which treatment algorithms rely on
the experienced symptom burden by patients. Organizational/policy-level application is in its
infancy, and performance evaluation via in-depth analyses and PDCA-cycles may be useful.
The findings of this review may aid stakeholders in the development and implementation
of PROM-interventions which truly impact patient outcomes.
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BACKGROUND

Patient-reported outcomes measures (PROMs) are considered an invaluable tool to capture
information on patients’ health outcomes, including expectations and values. Two types of
PROMs exist, namely generic and disease-specific PROMs*. Generic PROMs aim to measure
a health outcome from an overarching perspective, allowing for comparison between
different diseases and a general judgement on the severity. These measures are often
multi-dimensional; examples include measures of overall Quality of Life (e.g., EQ-5D) or
well-being (e.g., WHO-5) >3, Disease-specific PROMs aim to measure these concepts, the
symptom burden and functional status associated with a disease or a group of diseases®.

PROMs were introduced to complement clinical outcome measures in studies assessing the
(cost-)effectiveness of new clinical interventions. However, their application has broadened,
including the role as outcome indicator in clinical practice alongside traditional indicators
such as mortality and prevalence/incidence®. This movement is adopted by medical
science and leading institutions like the Organisation for Economic Co-operation and
Development, which conform to the principle that assessing health system performance
starts by assessment of patient-related outcomes®. It is pragmatic to distinguish three levels
of intended use: the individual (micro-), organizational (meso-) and policy (macro-) level’.

At the micro-level, PROMs are used at the patient-encounter level. Several systematic
reviews revealed evidence that using PROMs at the micro-level has a modest beneficial
impact on patient-related outcomes®*®. The key idea is that a patient fills out a PROM once
or multiple times, and the results are fed back to the patient or clinician®>. Greenhalgh et al.
has outlined the underlying theory how PROMs may be useful at this level: the feedback of
PROMs may alter the decision-making process, and initiate a change to clinical practice.
Several examples exist: firstly, the feedback of PROMs to patient and provider can aid in
communicating symptoms which may otherwise remain unnoticed” . Another example
are novel digital patient-decision systems using PROMs, which develop rapidly parallel to
digital technology (e.g., apps, e-portals, and dashboards) *°.

Aggregated PROMs can be used to inform the healthcare system at the organizational
(meso-) and health system (macro-) level, respectively. Evidence of the impact of PROMs
use at the meso-/macro-level is scarce, and a recent review did not find a clear impact
on patient outcomes® %°. The key idea at this level is that aggregated PROMs can guide
the (continuous) improvement of healthcare provided by a group of clinicians, hospital or
even country?!, Their role in orthopedic surgery may illustrate their potential. At the meso-
level, an orthopedic surgery unit in a hospital may use PROMs to improve local policy on
eligibility criteria for surgical treatment, to rationalize pain killing strategies, or to compare
performance across surgeons on a monthly basis??>. At the macro-level, PROMs results
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according to hospital, region, nation, or otherwise may be presented in a standardized
form (both in epidemiological and graphical meaning), inviting for a process of feedback,
analysis of drivers, and if possible subsequent improvement?!. This mechanism is often
referred to as benchmarking and is thought to demonstrate performance differences among
providers, facilitate more in-depth clinical audits, and inform decision-making, and is a
potentially effective method to improve the quality of care?* 24, An example which aimed to
encourage benchmarking is the NHS-programme in the UK on certain surgical procedures.
This program publicly published PROMs for varicose vein, groin hernia, and hip and knee
arthroplasty surgery; as of 2017 PROMs are only collected for hip/knee surgery?®. This
program also aimed to incentivize patients to select the assumed best provider, however,
available evidence does not support this pathway?* 26,

We think a contemporary review is warranted because it remains unknown why certain
PROMs-interventions are more effective than others® !, Certain mechanisms underpinning
the interventions may contribute to increased effectiveness. For example, a critical step to
transform a suboptimal PROM level, i.e. a patient value below a particular threshold, into
an improved outcome may be to link this observation to a care pathway. The doctor may
receive an alert inviting her/him to check the situation. This approach seems promising
in disease areas where symptom monitoring along with treatment tailoring is common
practice, e.g., gastroenterology, rheumatology, and oncology?” 2.

In this systematic review, we aim to identify contemporary evidence of the impact of the
use of PROM s at the micro-, meso- and macro-level on patient outcomes. Our second aim
is to identify and describe characteristics of the intervention and PROMs used which may
contribute to an increased chance for success.

METHODS

The present systematic review was registered in PROSPERO under record 2022
CRD42022333400. This review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (2020) when applicable?.

Data sources and search strategy

The following databases were searched: MEDLINE, Embase, Web of Science Core Collection,
Cochrane CENTRAL Register of trials, and Google Scholar from database inception to August
24, 2023 for studies that reported the use of PROMs to improve quality of care. The final
search was developed and refined through an iterative process and consisted of 3 blocks,
namely: (a) various terms for PROMs, (b) various terms for quality, effectiveness and
outcomes, and (c) mechanisms through which PROMs may be used to benefit healthcare
(e.g., feedback, monitoring, dashboards and plan-do-check-act (PDCA) cycles) (Supplemental
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File 1). APDCA-cycle is a commonly used framework to guide the continuous improvement
of healthcare and services provided®’. Additional studies were identified by screening the
references of included articles.

Study selection

Studies were eligible that (a) provided evidence on the impact of an intervention, (b) using
a previously validated PROM, (c) which reported at least one quantitative outcome per
the definition described below. Any study design was permitted. Studies were excluded
if (a) the full-text could not be retrieved and/or only a conference abstract was available;
(b) the study was conducted as a pilot; (c) there was no comparator or pre-intervention
comparison; (d) the PROM was used to select patients for another type of intervention; (e)
the article was not available in English. Two reviewers (JB and Al) independently screened
all titles and abstracts obtained from the search and applied the inclusion criteria to eligible
studies. Any disagreements regarding the inclusion of studies was discussed between the
two reviewers and were resolved by consensus.

Outcome definition

We defined the potential impact of a PROM-intervention on patient-related outcomes
using the Donabedian framework3®. To evaluate the quality of healthcare or impact of an
intervention, contemporary guidelines place emphasis on outcome measures which reflect
the impact on the health status of patients3. Typically, these outcomes are of quantitative
nature and are collected at the patient-level. We discerned three types of outcomes
measured based on previous reviews, namely (1) PROMs, (2) patient reported experiences
measures (PREMs) and (3) clinical outcomes. Outcome measures were categorized according
to the dimensions/items into overarching groups based on the identified studies, e.g.,
Health-Related Quality of Life (HRQoL), physical functioning, mental functioning, and
symptom burden. Similarly, this was done for PREMs (e.g., satisfaction) and clinical outcomes
(e.g., readmissions).

A study was judged to have found an overall benefit (or a detriment/harm) if any of the
above-mentioned outcomes improved (worsened) up to statistical significance. As patient-
related outcomes may be specific to the intended use and medical domain, we did not
attribute weight to a specific type of outcome. Studies often contained multiple comparisons
through analysis of dimensions or even items separately. This approach inflates testing,
increasing the potential of a type | error. Therefore, we required at least 2 subdomain/
single-items to reach statistical significance to qualify the impact as a benefit or detriment,
unless outcomes were defined as primary outcome a priori.

In accordance with previous reviews, process of care measures (e.g., number of symptoms
discussed) were extracted, but were considered to mediate outcomes described above'*.
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Data extraction and quality assessment

The following data were extracted from eligible studies by one of the reviewers (JB or Al):
authors, country, setting, study design, sample, PROMs used, description of intervention
using PROMs, co-interventions, training offered on the intervention and/or interpretation
of PROM, all primary and secondary outcome measures and their quantification.

Two reviewers (JB and AH) independently assessed the methodological quality of included
studies using the Effective Public Healthcare Panacea Project’s Quality Assessment Tool for
Quantitative Studies®. The tool was considered the most appropriate for this systematic
review as it covers various study designs and public health interventions. Domains assessed
using the tool included selection bias, study design, confounders, blinding, data collection
methods, and withdrawals and drop-outs. Each domain was rated as 1 (strong), 2 (moderate)
or 3 (weak). A global score was calculated, in which strong = no weak ratings, moderate = 1
weak rating, and weak = two or more weak ratings.

Data synthesis

A narrative synthesis was conducted as a formal meta-analysis appeared not possible at
an early stage due to the heterogeneity of study designs and outcomes reported. Overall,
the synthesis was split up by the micro- and meso-/macro-level. The impact of PROMs
interventions was assessed by four possible determinants for increased effectiveness. The
applications were categorized into mechanisms applied based on commonalities between
PROMs interventions. Subsequently, we captured a broader perspective by determining
the impact of PROMs interventions by the medical domain, the type of PROM used in
the intervention, and by the separate outcome dimensions used to measure the effect of
the intervention. For the latter, we decided to only present those which were measured
in at least 3 studies. We discerned studies which used the same PROM outcome as in
the intervention from studies which (only) used different outcomes. Finally, for each
determinant and outcome dimension, the average quality of studies was calculated.

RESULTS

The PRISMA diagram depicting the selection process is presented in Figure 1. A total of
18,652 records were identified. After removing duplicates, 11,121 records were screened
at title-abstract level, of which 159 were screened at full-text; 57 records were found to
be eligible for inclusion?” 1% 28 3488 Through reference tracking another 21 records were
identified” 818 |eading to a total of 78 included studies. Two studies presented outcomes
in two separate publications; these were combined resulting in 76 unique studies’ 747> #’,
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Studies identified through Duplicates removed (n = 7,531)
database and register searching (n

=18,652)

Studies screened (n =11,121) Studies excluded after title/abstract

screening (n = 10,962)

A4
Full-text studies assessed for Full-text studies excluded (n = 79)

eligibility (n = 159

e Full article not available (n =
1)

e Pilot study (n=28)

e Did not use a validated PROM
(n=14)

e No PROM used in
intervention or inadequately

explained (n = 25)

e No comparison group/no pre-
intervention period (n = 11)

e No (quantitative) patient or
clinical outcome (n = 16)

e All treatment arms received
PROMs in intervention (n = 5)

Eligible studies (n = 57) Additional studies identified through
reference tracking (n = 21)

v

Total studies included in review (n
=78)

Figure 1: PRISMA flowchart of study selection

Study characteristics

An overview of study characteristics, PROMs used, overall study impact and quality is
presented in Table 1 (micro-level) and Table 2 (meso-/macro-level). Below we shortly
describe the included studies: for a more detailed description of study characteristics refer
to Supplemental File 2, and for extended tables of study characteristics, quality assessment
and outcomes extracted refer to Supplemental File 3.
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Micro-level

Sixty-eight out of 76 studies provided evidence on the use of PROMs at the micro-level'”1% 2
34-36, 38-44, 46-48, 50-56, 58, 59, 62-71,73-93,95-108 '\ ost studies were conducted in the United States (n=32),
and were in the medical domains primary care (n=17), oncology (n=19), gastroenterology
(n=5) and orthopedic (trauma) surgery (n=6). Fifty-five studies used a disease-specific
instrument in their intervention, 3 used a generic instrument and 10 a combination. Sixteen
studies were of strong quality, 31 were of moderate quality and 21 were of weak quality.

Macro-level

Eight out of 76 studies provided evidence of the use of PROMs at the macro-level?” #5457,
60.61,72,94 and no studies were found at the meso-level. Studies were conducted in various
countries. Most studies were conducted in surgical fields (n=7), of which 3 in both non-
surgical and surgical fields; the eighth study was conducted in primary care. Five studies
used a disease-specific PROM, 1 used a generic PROM, and 2 used a combination. Four
studies were rated as moderate quality, while the other 4 were rated as weak quality.

Impact by determinants and outcome dimensions

Outcome of PROMs interventions by determinants are summarized in Table 3 (micro-level)
and 4 (meso-/macro-level). Table 5 shows the impact by outcome dimensions. The quality
of studies for each determinant generally indicated “moderate” quality, both at the micro-
and meso-/macro-level; the exception is highlighted. Six mechanisms were identified at the
micro-level, and 3 at the meso-/macro-level.

Table 3: Overall impact by determinants at the micro-level

Number of studies Improvement Quality of studies
(%) (average)
Mechanism Feedback to patient 5 1(20) 1.8
Feedback to provider 18 9 (50) 1.9
Screening 14 10 (71)* 2.0
Monitoring 25 18(72) 1.9
No feedback 3 3(100) 2.3
Decision-aid 3 3(100) 1.7
Medical domain Cardiology 4 2 (50) 2.0
Community care 2 1(50) 1.0
Dermatology 1 1(100) 2.0
Gastroenterology 5 4 (80) 2.2
General public 1 1(100) 2.0
General surgery 2 2 (100) 3.0
Gyneacology 1 0 (0) 2.0
Midwife care 1 1(100) 2.0
Oncology 19 13 (68) 1.9
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Table 3: Continued

Number of studies Improvement Quality of studies
(%) (average)

Orthopedics/trauma 6 6 (100) 2.2
surgery
Pediatrics 2 1(50) 2.0
Primary care 17 10 (59)* 1.7
Psychiatry 1 0(0) 2.0
Pulmonary medicine 1 0(0) 2.0
Rehabilitation 1 0(0) 2.0
Rheumatology 4 2 (50) 2.0

Type of PROM Disease-specific 55 39 (71)* 2.0
Generic 4 1(25) 1.5
Combination 9 4 (44) 1.9

*One study showed a deterioration.
Abbreviations: PROM = Patient-Reported Outcome Measure.

Table 4: Overall impact by determinants at the meso-/macro-level

Number of studies Improvement Quality of studies
(%) (average)

Mechanism Benchmarking 4 0 (0)* 1.3
In-depth analysis of data 3 3(100) 1.7
PDCA-cycle 1 1(100) 2.0

Medical domain Orthopedics 2 1(50) 1.7
Primary care 1 0(0) 1.0
Urology 1 0 (0)* 2.0
Various internal and 4 3(75) 1.5
surgical departments

Type of PROM Disease-specific 5 3 (60)* 1.4
Generic 1 0(0) 1.0
Combination 2 1(50) 2.0

*One study showed a deterioration.
Abbreviations: PROM = Patient-Reported Outcome Measure.
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Impact by mechanism

Micro-level

Feedback of PROMs to patient

One of 5 studies employing feedback of PROMs to patients fed back (raw) scores directly >4, 3
included a graphical display of PROMs scores®>7%8% and 1 combined a narrative report with a
graphical display®. Studies were conducted in various domains. One (20%) study conducted
in head-cancer patients fed back data from a comprehensive inventory of disease-related
symptoms and found an improved overall outcome, driven by improved symptoms (pain
and activity), mental and physical functioning®*.

Feedback of PROMs to provider

Two of the 18 studies employing feedback of PROMs to providers used (raw) scores in their
report’®, 4 included a narrative report®°*73% 8 included a graphical display?” 36 44 47 48
849192 and 3 combined a narrative report with a graphical display**4-#, Overall, nine (53%)
studies found an improvement in outcome?” 34 47.53,73,84,89,90_

When looking at the information collected, 14 of 18 studies fed back PROMs to patients
which covered disease-specific information such as hip functioning, cancer-related, or
gastrointestinal symptoms?” 34 36,41, 47,53, 73,79, 84,8993 Of these 14 studies, 9 (64%) found an
improvement in outcome?” 34 47, 53,73, 79, 84,85, 90 M ost studies pertained to cancer-related
symptoms (n=8) of which 5 (63%) reported an improvement via various outcome dimensions,
including reduced emergency department (ED) visits or readmissions (n=2), improved
physical, mental and social functioning (n=1), symptoms (depression and cancer-related)
(n=1) or experience with care (n=1) 147798489 The remaining 4 studies fed back PROMs
to the provider pertaining to general HRQoL and/or pain, and found no improvement in

outcome44, 48,52,55

Using PROMs to screen for disease or symptoms

Seven studies out of 14 used PROMs to screen for depression?:35350,56.71,98,102 and 1 study
for oncological symptoms °, to initiate treatment or a care pathway. Of these, five (63%)
studies observed an improved outcome driven by improved symptoms (depression, stress
or anxiety) (n=4), improved mental (n=2), social (n=2), and physical functioning (n=1),
and reduced ED visits and readmissions (n=1) 283> %7071 Qne study found an outcome
deterioration via worsened pain symptoms *°.

Six studies combined the screening for depression with follow-up monitoring to evaluate
whether the treatment works, and potentially adjust if treatment was ineffective3® > 7%
83,88,105 Of these, three also incorporated disease-specific information: knee functioning
8 cancer-related %, and gastro-intestinal symptoms %, Five (83%) out of 6 studies found
improved outcome particularly via improved symptoms (depression and anxiety) (n=4) and
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reduced ED visits (n=2) > 74888105 Two of three disease-specific symptoms also improved,
except for oncological symptoms 74,

Using PROMs to monitor symptoms

Twelve out of 25 studies used PROMs to identify patients under treatment exceeding
predefined thresholds of symptoms and linked these to treatment changes, increased
monitoring or care pathways3® 63 66 67, 81, 86, 95, 97,100, 103, 107,108, 10 (83%) found an improved
outcome?® 63.66,81,95,57,100, 103,107,108 Seyen studies also used PROMs monitor treatment but did
not explicitly mention the use of predefined algorithms?® 42 69.82,99,101,104, 4 (57%) reported
an improvement? 9101104 Gjy stydies incorporated PROM s into the clinical pathway and
sent out alerts upon exceeding a threshold without specific guidance to the provider®* %876
80,96,106 1 of these also used PROMs to monitor treatment response °¢; three (50%) found
an improved outcome®4 %6106,

When looking at the information collected, 13 out of 25 studies used PROMs to monitor
existing depression symptoms*% 63 68 69, 80, 82, 97,99-101, 106-108 ' Of these, 10 (77%) found an
improved outcome, mostly driven by improved depression symptoms (n=9) and satisfaction
(n=5) 63 69,82,97,99-101, 106-108 Fjye studies used PROMs to monitor cancer-related symptoms®*
67.76,103,104 of which 3 (60%) found various improved outcomes including HRQoL, physical
and mental functioning, and satisfaction®* %1% Three studies monitored gastro-intestinal
symptoms in patients with inflammatory bowel disease and all (100%) found reduced
readmissions (n=2) and improved HRQoL (n=1) 3% %, The remaining 4 studies were
conducted in various domains®® 8289 of which two showed improved outcomes. The first
monitored surgical recovery in colorectal surgery patients and found improved perception
of general health, anxiety and satisfaction. The other used PROMs to guide treatment in
children with juvenile idiopathic arthritis and found reduced pain and arthritis activity8%°,

No feedback: filling out effect of PROMs

One of 3 studies tested the hypothesis of whether merely filling out alcohol abuse PROMs
would reduce alcohol use by a direct measurement effect®. Similarly, another study
collected PROMs weekly in patients with eczema without any additional interventions®.
The third study collected PROMs daily after surgery via an app; patients could always contact
their provider via the e-portal®. All (100%) studies reported improved outcome due to
improved symptoms (depression and alcohol dependency) (n=2) and improved HRQoL (n=1).

PROMs in decision-aids

In three studies a one-time PROM was used in a decision-aid along an education component
to help with treatment choice (surgical vs. conservative) in patients with knee osteoarthritis'*
877 All studies (100%) found an improvement in shared-decision making, while 1 of these
only found this effect in females®®.
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Meso-/macro-level

PROMis in benchmarking

Three benchmarking studies used case-mix adjusted PROM scores®” %> %7, while the fourth
used unadjusted scores®. Three studies presented performance reports to the provider,
which included PROM scores and how they compared to peer providers®”4%9; in 2 studies
complication rates were also presented® *. The other study evaluated a nationwide
PROMs collection program, which provided both patients and providers the option to
check providers’ PROMs outcomes®’. All studies were of weak quality, and did not find an
improvement in outcome; 1 study even reported a potential worsening®.

PROMis in in-depth analysis of data

Three studies used PROM data in combination with guidelines, teaching and protocols to
improve pain management in various surgical and non-surgical departments*> %% 72, One
of these studies also used a feedback loop by a department representative to evaluate
and provide advice on the implemented initiatives*. The two other studies pertained to
the same quality initiative aimed to reduce the pain of patients admitted to hospitals but
were conducted in different developing countries/departments®® 72, All 3 (100%) studies
found an improvement in outcome due to reduced pain (n=3) and nausea (n=2) symptoms
in particular.

PROMs in PDCA-cycles

One study conducted a PDCA-cycle where they introduced an improved total knee implant
and changed their surgical technique, guided by and evaluated with PROMs scores®: an
overall improvement in outcome (HRQol) was observed.

Impact by medical domain

Micro-level

At the micro-level, the medical domains in which PROM interventions were conducted
which seemed to be consistently associated with improved outcome were orthopedic
(trauma) surgery (n=6 studies, 100% effective), gastroenterology (n=5, 80%), oncology
(n=19, 68%), and primary care (n=17, 59%). Less effective seemed cardiology (n=4, 50%)
and rheumatology (n=4, 50%). Limited evidence was available for other domains.

Meso-/macro-level

Interventions conducted in orthopedics, primary care, and urology were not found
to be related to improved outcome. Four studies covered various internal and surgical
departments, of which 3 (75%) showed improved outcome.
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Impact by type of PROM used in intervention

Micro-level

Most studies used a disease-specific PROM, which showed the highest percentage of
improved outcomes (n=55 studies, 71% effective). Generic PROMs or a combination of
both showed an overall lower percentage (n=13, 38%). While disease-specific PROMs were
used in all mechanisms, generic PROMs were used in studies employing the “feedback”
mechanism (n=10), “decision-aids” (n=2), and once (combined with a disease-specific PROM)
in “screening”.

Meso-/macro-level
According to the type of PROM (disease-specific vs. generic) no specific pattern was
observed.

Impact by outcome dimensions

Micro-level

In this section, we describe the impact of the PROMs-interventions on the outcome
dimensions (PROMs, PREMs or clinical outcomes), regardless of the mechanism or other
determinants.

Regarding PROMs, studies often showed an improvement in general health perceptions
(n=8 studies, 75% effective), decision-readiness and conflict (n=4, 75%) and symptoms
overall (n=46, 57%). Particularly depression was evaluated often (n=25), and improved in
57% of studies. The percentage decreased for HRQoL (n=29, 38%) and physical and mental
functioning domains.

Regarding PREMs, satisfaction was most often studied (n=23), and improved in less than
half of studies (43%). Patient-activation and experience with care tended to improve slightly
more often (n=7, 57%, for both outcomes).

As for clinical outcomes, twelve studies analyzed emergency department visits, of which
58% found an improvement. Fewer studies observed a positive effect on complications
(n=8, 13%) and (re)admissions (n=17, 29%), and no studies observed an effect on survival
(n=5, 0%).

Studies which used a different outcome than the PROM in the intervention more often had
an improved overall outcome (n=36, 72%), compared to those which did not (n=32, 56%).

Meso-/macro-level

With regard to PROMs, symptoms showed improved most often, which mostly pertained to
pain (n=5, 60%). HRQoL was also measured in 5 studies, however, improved in less studies
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(40%). Other domains and outcomes were studied in only a few studies, and showed no
improvement.

DISCUSSION

In this systematic review, evidence on the use of PROMs to improve patient-related outcomes
at the micro- (68 studies) and meso-/macro- (8) levels was collected and analyzed. Moreover,
determinants for increased effectiveness were elucidated.

At the micro-level, 44% of studies employing direct feedback of PROMs to the provider and/
or patient resulted in improved patient outcomes, which is in line with previous reviews®?.
A contemporary development was to use PROMs to screen for disease or to monitor existing
disease. These studies linked the PROM s scores to care pathways or treatment adaptations,
and approximately 70% of studies found improved outcomes. This approach was particularly
effective for depression, oncological and gastroenterological disease. A novel application
was to use PROMs to inform patients considering knee arthroplasty, which generally resulted
in improved decision-quality. At the meso-/macro-level, current evidence does not support
using PROM s in benchmarking. The scarce evidence available suggests, however, that PROMs
might be of value in an in-depth analysis of the performance of departments and hospitals
and PDCA-cycles. At both the micro- and meso-/macro-level, studies more often employed
disease-specific PROMs, which —in comparison with studies which employed generic PROMs
—found improved outcomes more often.

The evidence at all levels was of moderate quality at best, which raises concerns regarding
the validity of the findings.

Micro-level

Providing feedback on the PROM scores to patients or providers is generally thought to benefit
outcomes via improved patient-healthcare professional communication and identification of
problematic symptoms®®. This application is often used in patients with chronic disease who
have multiple visits to their doctor, which in our review included diabetes, gastrointestinal
disease, oncology, orthopedics, transplantation care; most evidence was available for
oncology®?. For example, two studies applied a tailored symptom inventory for head-neck
cancer patients and found a positive impact on PROMs*">*, The effectiveness may be because
this group presumably experiences a number of severe physical symptoms (e.g., problems
with swallowing) which, if timely detected, are sensitive to treatment.

The application of PROMs to improve patient outcomes seems particularly effective if a

deviation from the acceptable threshold occurs and can be linked to a recognizable action
by the clinician, such as referral or treatment adaptation. This mechanism was effective in
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several studies in the medical domains, including depression, oncology and gastrointestinal
care. For example, monitoring patients with diagnosed diseases such as inflammatory bowel
disease or screening for disease with an expected high burden in the studied population
such as post-partum depression may be beneficial?® 3. The purpose and goal of the tool may
be clearer for both patient and provider, which could increase its effectiveness.

Various reasons may underlie decreased effectiveness of PROM-interventions. Firstly, a
general trend was observed that studies utilizing generic PROMs found less positive effect
overall, and these studies mostly did not link a generic PROM to a care pathway (such as
“screening” or “monitoring”). Generic PROMs may provide insufficient insight into treatable
or modifiable factors related to the studied population. However, it should be noted, one
of the identified decision-aids successfully employed only a generic measure in patients
considering knee arthroplasty. Combined, we believe this underlines the fact that the choice
of PROM in the intervention should be driven by the intended use. Secondly, the measured
outcome may play a role: PROM interventions tended to have a more pronounced impact
on general health perceptions and symptom burden, but less so on certain outcomes such
as HRQol in general or survival. Other reasons for failure may include patients’ resistance
to discussing symptoms, time constraints in clinical practice and lack of provider continuity,
and implementation hurdles through lack of knowledge?®.

The evaluation of interventions based on systematic PROM feedback appears to be a
challenge. Firstly, the definition of ‘control’ treatment: about a third of the studies collected
PROM:s in the control group, unconnected to feedback or another intervention. This may
decrease the difference as the collection of PROMs itself may induce beneficial effects
as observed in 3 studies®® > %2, These findings suggest a Hawthorne-like effect through
the completion of PROMs alone®! 1, The patient’s self-knowledge and awareness are
increased, and filling out the questionnaire may increase their empowerment to take a
more active role in their healthcare®*'. We expected this effect to be relatively limited, as
approximately half of studies used a different outcome measure than the PROM in the
intervention and generally found an improvement. Secondly, most studies did not measure
intervention compliance making it impossible to know to what extent (and how) patients
or providers used the PROM interventions. Thirdly, PROMs are generally part of a more
complex intervention with multiple facets (e.g., patient education), and it is impossible to
isolate the exact role of the PROM in the intervention. However, we believe this is also one
of the key roles of PROMs in contemporary medicine; they can enhance interventions by
offering important insight into patient outcomes.

Meso-/macro-level

The 4 studies which evaluated PROM benchmarking did not find a benefit. Multiple reasons
for the intervention not being successful have been suggested. Boyce et al. noted that
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PROMs have not been developed nor validated as performance measures, and the choice
of PROM may play a role in the usability of the provided feedback?®. It is possible that
inter-provider comparisons do not inherently motivate professionals to initiate additional
audits and research activities or professionals may lack the knowledge to undertake such
initiatives. The included studies do not describe how the data was (or wasn’t) used in a
feedback process of change. Kumar et al. suggested that further improvement might be
prevented when the quality of care is already high*. The quality of the benchmarking
process is also dependent on adequate case-mix variable selection, which is time-consuming
and costly® 1, A lack of educational support could also play a role, and it may be useful to
provide examples of successes and failures with using PROMs data!!2. Finally, aggregated
PROMs are used extensively in research aimed at improving quality care through, e.g.
identifying subgroups at risk for poorer outcomes. These studies presumably have a large
impact on national clinical guidelines, however, to our knowledge, the impact is hardly
reported in peer-reviewed literature. The same applies to quality benchmarking under the
supervision of professional organisations: this information is discussed with hospital groups
and individuals but is generally not published.

Some examples, however, were found for in-depth analysis and PDCA-cycles with the aim to
initiate quality improvements. A PDCA-cycle provides a structured and iterative approach
to test changes aimed at improving the quality of systems!'3. Four studies were found
that exploited these types of methods using PROMs data, all finding a benefit on patient
outcomes. Zaslansky et al. suggested that the success could be attributable to the relatively
low starting performance of partaking departments®. A commonality among these studies
is the clear definition of the goal, an action plan, and feedback on the intervention along
the way; all potential items which might facilitate the success of a quality improvement
initiative, also highlighted by a Cochrane review*.

Strengths and limitations

The major strength of this review is the broad search strategy, including the added value of
PROMs at the micro-, meso- and macro-level. Several limitations must be acknowledged.
Non-peer-reviewed literature (e.g., registry reports), which may be an important source
of information on the use of PROMs as quality improvement tool, was excluded. However,
this was not deemed feasible because these documents are often published in non-English
languages and generally do not report clear evidence of an impact, such as a before-after
comparison. Meta-analysis and estimating the effect sizes were not possible due to the
heterogeneity of outcomes. PROM scores were variably reported as total score and/or
by dimension, limiting the synthesis on the impact of PROMs-interventions by outcome
dimensions.
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CONCLUSION

This systematic review provides a comprehensive overview of novel applications of PROMs
which aim improve patient outcomes, and determinants for increased effectiveness.
The effectiveness appears to relate to the underlying mechanism, type of PROM used
and outcome studied. At the micro-level, for example, PROMs feedback to patient or
provider was positively associated with patient outcomes in approximately half of studies.
Contemporary studies went a step further and linked PROMs scores to care pathways
in for example depression, oncological and gastrointestinal care, which resulted in
improved outcomes in a higher percentage of studies. At the meso-/macro-level evidence
was limited, and evidence did not suggest a benefit of using PROMs for benchmarking.
Promising applications included in-depth analysis and PDCA-cycles using PROMs data. With
the increasing use of PROMs in routine clinical care, these findings may help in designing
applications which truly impact patient outcomes. As the quality of studies was moderate
at best raising concerns regarding the validity of findings, rigorously designed studies should
be conducted on testing these applications.
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Chapter 3

ABSTRACT

Objective
To study socio-economic inequalities in patient-reported outcomes in primary hip and knee
arthroplasty (THA/TKA) patients for osteoarthritis, using two analytical techniques.

Methods

We obtained data from 44,732 THA and 30,756 TKA patients with preoperative and 12-
month follow-up PROMs between 2014 and 2020 from the Dutch Arthroplasty Registry. A
deprivation indicator based on neighborhood income, unemployment rate, and education
level was linked and categorized into quintiles. The primary outcome measures were the
EQ-5D-3L index and Oxford Hip/Knee Score (OHS/OKS) preoperative, at 12-month follow-
up, and the calculated change score between these measurements. We contrasted the
most and least deprived quintiles using multivariable linear regression, adjusting for patient
characteristics. Concurrently, we calculated concentration indices as a non-arbitrary tool
to quantify inequalities.

Results

Compared to the least deprived, the most deprived THA patients had poorer preoperative
(EQ-5D —0.03 (95%CI —0.02, —0.04), OHS —1.26 (—0.99, -1.52)) and 12-month follow-up health
(EQ-5D —0.02 (-0.01, —0.02), OHS —0.42 (=0.19, —0.65)), yet higher mean change (EQ-5D
0.02 (0.01, 0.03), OHS 0.84 (0.52, 1.16)). The most deprived TKA patients had similar results.
The higher mean change among the deprived resulted from lower preoperative health in
this group (confounding). After accounting for this, the most deprived patients had a lower
mean change. The concentration indices showed similar inequality effects and provided
information on the magnitude of inequalities over the entire socio-economic range.

Conclusion

The most deprived THA and TKA patients have worse preoperative health, which persisted
after surgery. The concentration indices allow comparison of inequalities across different
outcomes (e.g., revision risk).
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INTRODUCTION

Health inequalities are unfair and potentially avoidable health differences between
population groups. Socioeconomic status (SES), a composite measure typically covering
education, income, and occupation, is recognized as a universal driving force of health
inequalities® 2. Unequal distribution of health is considered a human right infringement,
but it also hampers economic prosperity and social development®“. Traditionally, clinical
outcomes such as mortality, are used to measure health inequalities. However, a useful
alternative may be patient-reported outcome measures (PROMs), which are standardized
surveys used to quantify generic or disease-specific health status from the patient’s
perspective®.

Hip and knee arthroplasty (THA, TKA) are commonly performed surgical procedures,
resulting in pain relief and improved mobility in individuals with end-stage osteoarthritis®
’. Despite being standardized procedures, striking socio-economic inequalities have been
demonstrated in these patients. Deprived patients report inferior PROMs after THA or
TKA, even after adjusting for patient and surgical characteristics®*®. Some studies observed
worse PROM s in deprived patients prior to surgery due to patient or provider selection®
%115 Surgical recovery can be expressed as the change score, which is the difference
between post- and preoperative PROMs. When analyzing this score, studies commonly
control for preoperative PROMs because of their significant association with the change
score!l. However, adjustment obscures our understanding of how the effect of deprivation
prior to surgery might influence the effect of deprivation during recovery. One exploratory
study recognized this issue and stratified patients by preoperative health, in order to expose
deprivation effects on the mean change score®.

Furthermore, to analyze inequalities, outcomes of the top 20% (most affluent) and bottom
20% (most deprived) patients are usually contrasted®” '8, However, this approach does
not provide insight into the amount of inequality in the overall population and does not
allow for comparison of the size of inequalities across different outcomes. Additionally, it
is impossible to determine the role of attributable factors (e.g., patient characteristics),
which could inform efforts aimed at reducing inequalities. For this purpose, economists
developed inequality measures such as the concentration index, which can be transferred
to public health sciences®. This index, closely related to the Gini coefficient, provides a
non-arbitrary estimate of the ‘volume’ of health inequality in a population according to a
deprivation indicator®.

In this study, we aimed to analyze socio-economic health inequalities in THA and TKA
patients using Dutch registry data, unraveling the effect of deprivation on pre- and
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postoperative PROMs. Additionally, we used the concentration index to express possible
inequalities and assess the impact of deprivation amidst other potentially influential factors.

METHODS

An observational cohort study was performed using anonymized prospectively collected
data from the Dutch Arthroplasty Registry (LROI). Ethical approval is not required by Dutch
law for this type of study. We adhered to the STROBE guideline for observational studies.

Data and inclusion criteria

In the Netherlands, clinical registration of data from THA and TKA patients is professionally
endorsed. The LROI has a completion rate of over 95%2°. Variables include patient and
surgical characteristics and outcomes. The collection of internationally validated general
health and disease-specific PROMs has been strongly recommended since 2014. Since then,
the collection of PROMs from patients undergoing surgery increased notably, and stabilized
in 2017, with approximately 40% of primary THA and TKA patients having preoperative and
12-month follow-up outcomes??.

All patients who had primary THA or TKA for osteoarthritis from 2014 to 2020, and of whom
preoperative and 12-month follow-up PROMs were available were included. We selected
only patients who received arthroplasty for osteoarthritis, as this is the largest and most
homogeneous group of elective orthopedic patients in which PROMs are collected. 11%
of THA patients and 12% of TKA patients also underwent contralateral joint replacement
during this period; the second record was ignored to avoid data dependencies.

Variables

The following patient- and surgical data was extracted from the registry: age, biological
sex, body mass index (BMI), Charnley score??, American Society of Anesthesiologists (ASA)
score?®, previous surgery of the replaced joint, smoking status, type of hospital, fixation
method, and surgical approach. The Charnley score represents the extent of osteoarthritis
disease, ranging from “A” (one joint affected) to “C” (multiple joints affected or severely
impaired quality of life due to the disease). The hospital type is categorized into private,
general, or university hospitals. Fixation methods were categorized into cemented,
uncemented, or hybrid. Approach methods for THA were categorized into anterior,
anterolateral, posterolateral, direct lateral, and other; for TKA into medial para-patellar
and other.

Deprivation indicator

As a deprivation indicator, a small neighborhood SES score was linked to the data using the
4-digit postal code of the home address of each patient®. The Netherlands Institute for
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Social Research, a government organization, calculates this SES score for each 4-digit postal
code area with a minimum of 100 inhabitants (mean 4300 inhabitants). This standardized
continuous score is derived from the mean income per household, % households with a low
income, % unemployed inhabitants, and % households with a low education per postal code
area. We categorized this score into quintiles, using cumulative z-distribution thresholds
for the 20, 40", 60, and 80 percentile. For the descriptive analysis, we regrouped the
5 quintiles into 3 groups: most deprived (quintile 1), medium deprived (quintile 2—4), and
least deprived (quintile 5), following guidelines of the World Health Organisation®.

Outcomes (PROMs)

The Dutch Orthopaedic Association advises to collect PROMs at three time points: a
maximum of 6 months before surgery, postoperatively at 3-months follow-up (range 2—-4
months) for THA patients, at 6-months follow-up (5—7 months) for TKA patients, and at 12-
months follow-up (11-13 months) for both procedures. Preoperative PROMs are generally
completed at the outpatient clinic, whilst postoperative PROMs are completed electronically
after invitation per email or with pen and paper.

The LROI contains multiple PROMs; we selected the EQ-5D-3L, the Oxford Hip Score (OHS),
and the Oxford Knee Score (OKS). The EQ-5D-3L questionnaire has 5 dimensions: mobility,
self-care, usual activities, pain/discomfort, and anxiety/depression, on which patients score
their general health. With the scores on the 5 dimensions, an index value was calculated
using the Dutch National Value set®. This value ranges from —0.329 to 1.0, indicating the
poorest and full health, respectively. The OHS and OKS are 12-item questionnaires which
assess functioning and pain in patients with osteoarthritis of the hip or knee, respectively.
The OHS and OKS range from 0 to 48, indicating most and no disability, respectively.

Missing data

Missing Charnley scores were conservatively estimated as “A”, as the indication for joint
replacement was osteoarthritis. Ages < 10 years and > 105 years, and BMI values < 10 and
> 70, were considered erroneous and were recoded as ‘missing’ conform to the guidelines
of the LROI. Missing values in one or more of the extracted variables were present in 4% of
THA and TKA patients with complete preoperative and 12-month follow-up PROMs. Visual
plots indicated random missingness (Supplemental Figures 1 and 2). Therefore, we excluded
patients with missing data and did a complete case analysis.

Statistical analysis

For the descriptive analysis of the association between deprivation and patient/surgical
characteristics, we used the Analysis of Variance (ANOVA (t-test)) and chi-squared test.
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Multivariable linear regression models were used to estimate the association of deprivation
with preoperative, 12-month follow-up, and change score between these measurements,
expressed with the EQ-5D index and OHS/OKS. The least deprived quintile was used as
the reference category. The coefficients of the change score analysis reflect differences
in mean change scores by deprivation quintiles, which we refer to as the “mean change”
henceforth. Analyses were repeated with adjustments for sex, age, BMI, ASA score, Charnley
score, and type of hospital. Age and sex were regarded as potential confounders, as their
relation with arthroplasty outcomes has been found consistently, and they were unlikely to
act as intermediate variables in the studied association?” 28, BMI, ASA score, Charnley score,
and the type of hospital may act as confounders and intermediate variables? *°. To help
assess clinical relevance, the coefficients were compared with coefficients of other included
variables in the analyses. The full models are included in Supplemental File 1, Tables 1-4.

To analyze the effect of the preoperative score on the mean change, separately from the
role of deprivation, patients were stratified according to the preoperative score in quintiles.
Subsequently, we present the mean change for each preoperative quintile according to the
deprivation indicator. Confounding is regarded to be present if deprivation is associated
with the preoperative score and if, within the separate preoperative strata, deprivation
influences the mean change.

We calculated concentration indices, a bivariate quantity which relates the inequality in
outcomes (here: PROMs) to the ranking of the individual‘s SES in the entire population3..
As the polarity of the outcome and its scale impacts the computed concentration index,
we employed Erreyger’s standardization for convenience of interpretation and to enable
comparisons between results obtained from different PROMs3% 33, The index range is —1.0
to +1.0, where a positive value indicates that better health is concentrated among higher-
ranked individuals. Zero represents perfect equality. More details on the used formulas are
included in Supplemental File 2.

The concentration index was ‘decomposed’ to identify what percentage particular variables
contribute to the observed inequality®* 3%, This standard technique uses a multivariable
linear regression model to determine the sensitivity of each variable to the outcome. The
relative (percentage) contribution of each variable to the concentration index is the product
of its sensitivity to the outcome and the degree of socio-economic inequality in the variable
of interest. Similarly, relative positive and negative percentages reflect an increase and
decrease respectively in overall inequalities. Zero means no contribution to inequality.
The same variables were used as in the regression analysis; of particular interest were the
variables which might act as confounders and intermediates.
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All statistical analyses were performed in Stata (version 17.0). Coefficients and indices
are presented with 95% confidence intervals (95% Cls). A p-value < 0.05 was considered
significant. We explored the potential presence of response selection by comparing
differences in patient characteristics by deprivation when including non-responders to
PROMs. We also checked results in several patient respondent groups: respondents with
preoperative and 3-/6-month PROMs, respondents with preoperative PROMs regardless of
having other measurements, and respondents with 12-month follow-up PROMs regardless
of having other measurements. As results were nearly identical to primary analyses, these
were not separately presented (Supplemental File 1, Tables 1-5).

RESULTS

Descriptive analysis

Data from 44,732 THA and 30,756 TKA arthroplasty patients met our inclusion criteria
(Figure 1). In both THA and TKA patients, 89% had complete EQ-5D and OHS/OKS response,
and for 11%, either was missing.

Most arthroplasty patients were female (THA 63%, TKA 61%). The most deprived THA
patients were on average 1 year older than the least deprived patients (69.7, SD 9.5 vs
68.6, SD 9.5); this difference was not present in TKA patients (68.7, SD 8.7 vs 69.0, SD 8.4).
In both THA and TKA patients, deprivation was associated with higher BMI and ASA scores
and undergoing surgery in non-private hospitals. In THA patients, the deprived patients
received no cementation compared to cementation more often than affluent patients (most
deprived: 63% vs 28%; least deprived: 75% vs 18%). Similarly, surgery was mainly performed
via the posterolateral compared to the anterior approach (most deprived: 57% vs 31%, least
deprived: 45% vs 44%) (Tables 1A and Table 1B).

Table 1A: Demographics of hip arthroplasty patients with PROMs by socio-economic status

Q1 Q2-4 Q5 p-value
(most depr.) (med. depr.)a (least depr.)
Total 8,522 (19) 28,409 (64) 7,801 (17)
Age, mean (SD) 69.7 (9.5) 68.9 (9.3) 68.6 (9.5) <0.001
BMI, mean (SD) 27.8 (4.5) 27.4 (4.4) 26.7 (4.2) <0.001
Sex, n (%)
Female 5,560 (65) 17,844 (63) 4,927 (63) <0.001
ASA, n (%)
| 1,248 (15) 5,399 (19) 1,699 (22) <0.001
Il 5,491 (64) 18,313 (65) 4,952 (64)
-1V 1,783 (21) 4,697 (17) 1,150 (15)
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Table 1A: Continued

Ql Q2-4 Q5 p-value
(most depr.) (med. depr.)a (least depr.)
Charnley, n (%)
A 4,168 (49) 13,652 (48) 3,930 (50) <0.001
B1 2,804 (33) 9,851 (35) 2,640 (39)
B2 1,253 (15) 4,010 (14) 1,077 (14)
¢ 297 (4) 896 (3) 154 (2)
Smoking, n (%)
Yes 883 (10) 2,593 (9) 602 (8) <0.001
Previous surgery of the joint, n (%)
Yes 155 (2) 458 (2) 145 (2) 0.201
Type of hospital, n (%)
Private Hospital 463 (5) 2,503 (9) 830 (11) <0.001
General Hospital 7,805 (92) 25,503 (90) 6,887 (88)
University Hospital 254 (3) 403 (1) 84 (1)
Fixation, n (%)
Uncemented 5,349 (63) 20,096 (71) 5,864 (75) <0.001
Cemented 2,387 (28) 5,779 (20) 1,393 (18)
Hybrid 786 (9) 2,534 (9) 544 (7)
Approach, n (%)
Anterior 2,648 (31) 10,041 (35) 3,420 (44) <0.001
Anterolateral 409 (5) 1,223 (4) 271 (4)
Direct Lateral 556 (7) 1,676 (6) 520 (7)
Posterolateral 4,837 (57) 15,122 (53) 3,517 (45)
Other 72 (1) 347 (1) 73 (1)
EQ-5D index, mean (SD)
Preoperative 0.54 (0.28) 0.57 (0.27) 0.59 (0.26)
12-month follow-up 0.85 (0.20) 0.87(0.18) 0.88(0.17)
Mean change 0.30(0.30) 0.29(0.28) 0.28(0.28)
OHS/OKS, mean (SD)
Preoperative 22.19 (8.62) 23.19 (8.32) 24.12 (8.35)
12-month follow-up 41.54 (7.37) 42.29(7.18) 42.55 (7.25)
Mean change 19.39 (9.76) 19.06 (9.69) 18.42 (9.83)

Only patients with complete patient and surgical characteristics were included. ANOVA (t-test) and chi-squared
tests were performed for continuous and categorical variables respectively.

2For convenience purposes the middle 3 deprivation quintiles [Q2, 3, 4] were collapsed under medium socio-
economic status (SES).

Abbreviations: BMI = Body Mass Index; ASA = American Society of Anesthesiology score
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Table 1B: Demographics of knee arthroplasty patients with PROMs by socio-economic status

Ql Q2-4 Q5 p-value
(most depr.) (med. depr.)a (least depr.)
Total 6,497 (21) 19,689 (64) 4,570 (15)
Age, mean (SD) 68.7 (8.7) 68.3(8.5) 69.0 (8.4) <0.001
BMI, mean (SD) 30.1(5.0) 29.4 (4.8) 28.9(4.6) <0.001
Sex, n (%)
Female 4,096 (63) 11,878 (60) 2,769 (61) <0.001
ASA, n (%)
| 655 (10) 2,716 (14) 682 (15) <0.001
I 4,288 (66) 13,187 (67) 3,066 (67)
n-1v 1,554 (24) 3,786 (19) 822 (18)
Charnley, n (%)
A 3,138 (48) 9,386 (48) 2,151 (47) 0.072
B1 2,370 (36) 7,391 (38) 1,756 (38)
B2 761 (12) 2,174 (11) 525 (12)
c 228 (4) 738 (4) 138 (3)
Smoking, n (%)
Yes 594 (9) 1,498 (8) 284 (6) <0.001
Previous surgery of the joint, n (%)
Yes 1,910 (29) 6,267 (32) 1,328 (29) <0.001
Type of hospital, n (%)
Private Hospital 417 (6) 2,011 (10) 490 (11) <0.001
General Hospital 5,914 (91) 17,473 (89) 4,030 (88)
University Hospital 166 (3) 205 (1) 50 (1)
Fixation, n (%)
Uncemented 210 (3) 503 (3) 312 (7) <0.001
Cemented 6,056 (93) 18,725 (95) 4,123 (90)
Hybrid 231 (4) 461 (2) 135 (3)
Approach, n (%)
Medial parapatellar 6,365 (98) 19,065 (97) 4,378 (96) <0.001
Other 132(2) 624 (3) 192 (4)
EQ-5D index, mean (SD)
Preoperative 0.58 (0.27) 0.61 (0.25) 0.64 (0.24)
12-month follow-up 0.82(0.21) 0.84 (0.19) 0.85(0.18)
Mean change 0.24 (0.28) 0.23(0.27) 0.22 (0.26)
OHS/OKS, mean (SD)
Preoperative 22.29 (7.49) 23.50(7.31) 24.28 (7.50)
12-month follow-up 37.94 (8.60) 39.12 (7.89) 39.57 (7.63)
Mean change 15.56 (9.07) 15.60 (8.86) 15.29 (8.90)
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The most deprived patients had slightly lower PRO response rates than medium (quintile
2-4) and least (quintile 5) deprived patients, implying that the complete LROI dataset shows
a slightly higher prevalence of THA and TKA among the deprived. The abovementioned
deprivation patterns among responders did not change if non-responders to PROMs were
added (Supplemental File 1, Table 6).

Primary Total Hip Arthroplasty for Primary Total Knee Arthroplasty for
Osteoarthritis (LROI) 2014-2020 Osteoarthritis (LROI), 2014-2020
n=180,416 n = 163,405
r \ r \
After removal of second contra- After removal of second contra-
— lateral joint surgery — lateral joint surgery
n=161,349 n = 143,747
. 7 . W
. \ . \
With preoperative and 12-month With preoperative and 12-month
— follow-up PROMs — follow-up PROMs
n =46,402 n =32,105
. 7 . 7
A A
Final sample Final sample
— Complete cases — Complete cases
n=44,732 n =30,756
. 7 . 7

Figure 1: Inclusion flowchart of patients with PROMs

Epidemiological analysis of deprivation

The outcome contrast between most and least deprived quintiles was the largest
preoperative, in both THA and TKA patients, with similar magnitude. These differences
were slightly attenuated after adjustment for patient characteristics. The most deprived
THA patients had 0.03 (95% Cl: 0.02, 0.04) lower EQ-5D index values and 1.26 (95% Cl: 0.99,
1.52) lower OHS scores. In TKA patients, this difference was 0.04 (95% Cl: 0.03, 0.05) on the
EQ-5D and 1.38 (95% Cl: 1.09, 1.66) on the OKS. The difference between most and least
deprived quintiles halved at 12 months follow-up. The most deprived THA patients had
0.02 (95% CI: 0.01, 0.02) lower EQ-5D values and 0.42 (95% Cl: 0.19, 0.65) lower OHS scores.
Differences in EQ-5D (0.02 (95% Cl: 0.01, 0.03)) were similar in TKA patients but were larger
on the OKS (1.14 (95% Cl: 0.83, 1.46)) (Table 2).
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The mean change was higher in the most deprived patients. Adjustments for patient
characteristics did not affect this. The most deprived THA patients had 0.02 (95% Cl: 0.01,
0.03) higher EQ-5D and 0.84 (95% Cl: 0.52, 1.16) higher OHS mean change scores. Differences
in the EQ-5D were similar in TKA patients, however, the OKS showed no significant
deprivation effect on the mean change. The most deprived TKA patients had 0.02 (95% Cl:
0.01, 0.03) higher EQ-5D and 0.23 (95% Cl: -0.13, 0.60) higher OKS mean change.

The preoperative, 12-month follow-up and mean change regression coefficients assigned
to the most deprived group generally exceeded the coefficients assigned to Charnley score
“C” (Supplemental File 1, Tables 1-4). This was not consistently the case for other variables
included in the analyses.

Confounding effects of deprivation

Through stratification, we evaluated whether the lower preoperative scores in the deprived
patients confounded the finding that deprived patients experience a larger mean change.
We stratified patients according to the preoperative score (in quintiles) and deprivation.
Subsequently, within each preoperative stratum, we calculated the mean change for each
deprivation quintile. Independent from deprivation, a lower preoperative state in the case of
THA and TKA led to a larger mean change. The EQ-5D and OHS/OKS mean change were lower
in the most compared to the least deprived quintile of patients for all preoperative scores.
With increasing preoperative scores, this difference in mean change of both outcomes
decreased. While the pattern was identical, differences were larger in TKA compared to
THA patients (Figure 2).
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Figure 2: Stratification of mean change scores according to the deprivation quintiles, preoperative
EQ-5D index, and OHS/OKS quintiles in hip (A, B) and knee (C, D) patients

Economic inequality analysis

The sign of the concentration index indicates the direction of the association between SES
and outcomes, whilst the magnitude reflects both the strength of the relationship and
variability in the outcome. Positive (negative) indices indicate that outcomes are more
centered among the affluent (deprived). The concentration indices also indicated outcome
inequalities: cross-sectional outcomes were more centered among the affluent, while
the mean change generally was centered among the deprived. In THA and TKA patients,
preoperative concentration indices calculated on the EQ-5D and OHS/OKS were +0.03, and
they decreased slightly at 12-month follow-up to +0.02, except for the OKS which remained
at +0.03. The concentration indices of the mean change were —0.01 in all outcomes except
for the OKS, which was not significantly different from zero. The 95% Cls were narrow for

all indices, with a maximum range of 0.01 (Table 3).
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Table 3: Size of inequalities measured with concentration indices in EQ-5D index and OHS/OKS
scores

Concentration indices

Primary THA
Preoperative
EQ-5D index 0.03 (0.03, 0.03)
OHS 0.03 (0.03, 0.04)
12-month follow-up
EQ-5D index 0.02 (0.01, 0.02)
OHS 0.02 (0.01, 0.02)
Mean change?
EQ-5D index -0.01(-0.01, 0.00)
OHS -0.01(-0.01, -0.01)
Primary TKA
Preoperative
EQ-5D-3L index 0.03 (0.03, 0.04)
OKS 0.03 (0.03, 0.04)
12-month follow-up
EQ-5D index 0.02 (0.02, 0.02)
OKS 0.03 (0.02, 0.03)
Mean change?
EQ-5D index -0.01(-0.01, -0.01)
OKS 0.00 (-0.01, 0.00)

Concentration indices were calculated in patients with preoperative and 12-month follow-up PROMs. Indices are
reported with the respective 95% Cls.

2The mean change is based on the difference (change) score between the 12-month follow-up and preoperative
score.

Economic decomposition analysis

Subsequently, we decomposed the concentration indices to identify the relative
contribution of each variable on the observed inequality and what remaining inequalities
can be attributed to SES. The relative contributions of entered variables were similar for the
EQ-5D index and Oxford set (Supplemental File 1, Tables 6-10). In THA and TKA patients,
the entered variables explained 24—-45% of the observed inequality in the cross-sectional
(preoperative, 12-month follow-up) EQ-5D index, while the rest was attributed to SES.
Variables with relatively large contributions were ASA llI-IV (9-16%) and the lowest BMI
quintile (8—9%). The other potential confounding/intermediate variables (type of hospital,
Charnley score) had negligible contributions. The remaining SES inequalities were explained
mainly by the most deprived (41-63%) and 2" most deprived quintiles (11-19%).

As with the linear regression model, the explanatory variables accounted for a small part
of the observed inequality (15-23%) on the mean change. The second-largest contributor
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was the lowest BMI quintile, explaining 9% in THA and TKA patients. Other variables had
negligible contributions. The remaining SES inequalities were mostly explained by the most
deprived (67-77%) and 2" most deprived quintiles (25—-30%) (Figure 3).

Primary THA Primary TKA
SES. Q5 (least deprived) Reference
ses. 4| 5 =
SES, Q3 g i
S —— 1 —-
SES, QI (most deprived) % s
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o I ﬂ| _Ee—
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ASAL T b i
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Type of Hospital. General Jﬁ d:.
Type of Hospital, University EE. b
Total I . f L
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0 25 50 75 100 0 25 50 75 100
Percentage Percentage

Figure 3: Decomposition of inequalities in the EQ-5D index. Percentages represent the relative
contribution of the entered variable on the total amount of inequalities measured with the con-
centration indices. The category with the least expected contribution was used as the reference
category. The residual is the amount of socioeconomic inequality not explained by the model.

DISCUSSION

In this study, we established the presence of systematic socio-economic health inequalities
in Dutch primary THA and TKA patients using two complementary techniques from
epidemiological and economic origin. Overall, results among THA and TKA patients were
strikingly similar. Deprivation was strongly associated with poorer health prior to and,
although to a lesser extent, after surgery. After accounting for the confounding effect of
the preoperative score, deprivation was also associated with a lower mean change. The
observed inequalities were only in part explained by patient and surgical characteristics in

76



Socioeconomic inequalities in PROMs of Dutch primary hip and knee arthroplasty patients

epidemiological and economic analysis. Interestingly, in the epidemiological analysis, the
differences between the lowest and highest deprivation quintile superseded the Charnley
score both before and after surgery, which are routinely taken into account (Supplemental
File 1, Tables 1-4). Within the medical domain, no examples currently exist as a reference
for the size of the inequalities measured with the concentration index; our results are the
first and may therefore serve as a benchmark.

The association of deprivation with worse PROMs before and after arthroplasty is aligned
with previous studies®'®. However, to our knowledge, only Clement et al. ® revealed the
double mechanism of deprivation in affecting preoperative health and health change. This
study however only had a small sample size and collected data from a single medical center,
resulting in limitations in terms of generalizability.

Preoperative inequalities

Preoperative outcome inequality may depend on several independent mechanisms. The
first mechanism is selection: different thresholds of pain and dysfunction for surgery may be
used by the provider and patient®. Surgeons may apply more stringent criteria in deprived
patients to compensate for the higher prevalence of patient characteristics impairing
postoperative outcomes or causing complications. Selecting the most severe cases leads
to a higher mean change, as our results confirm. Provider selection may also already occur
at the referral stage by the general practitioner® %, Furthermore, deprived patients may
delay seeking help, as they are more accepting of chronic pain and functional limitations
compared to non-deprived patients®. Neuburger et al. > confirmed this and reported more
and a longer duration of symptoms at the time of surgery in deprived THA and TKA patients
in the United Kingdom.

Additionally, deprived patients receive fewer arthroplasties relative to the number of
patients in need** “°, This could potentially be explained by access barriers posed by high
deductibles, which also applies to the Netherlands. For example, high deductibles are
associated with decreased use of psychotherapy in low-income adults*. Far less research
has been conducted on other factors that may influence access, such as medical knowledge,
cultural beliefs, travel distance, avoidance of seeking care, and access stops when hospitals
run out of planned production volume*2.

Postoperative inequalities

The recovery disadvantage in the deprived, whilst accounting for preoperative health status,
must depend on other mechanisms. On the patient side, we think of risk factors such as
higher BMI and ASA scores, which are more prevalent in the most deprived patients* %4,
The decomposition analysis showed that these factors explained part of the observed health
disadvantage. However, after adjusting for these factors, the majority of the deprivation
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effect persisted in both epidemiological and economic analyses, which has also been
observed in other studies® 11> 16,

Several clinical pathways may be responsible for this effect, and could be modifiable in
order to reduce health inequality. A specific physician-related factor may be the surgical
strategy. We observed that the cementation strategy (cemented vs. uncemented) and
surgical approach (posterolateral vs. anterior) in THA patients was different according to
deprivation status. At the time of drafting the present study, Dutch orthopedic guidelines
consider both approaches and cementation strategies equal®. An explanation may be that
the least deprived actively search for surgeons using potentially superior surgical techniques,
such as the anterior approach. However, it seems unlikely that this mechanism alone is
responsible for the reported difference. We cannot rule out physician-induced inequalities
given the substantial surgical approach differences and the strong deprivation association.
Unfortunately, data to analyze at the level of regions, hospitals or physician groups was
currently unavailable which may have revealed the role of being treated in certain hospitals.

Next, hospital quality variations may occur. This was observed at Dutch obstetrics
departments, where considerable inter-hospital variation in inequality was observed?®.
A possible explanation is that some hospitals adhere more strictly to protocols, which
in orthopedics may include Enhance Recovery After Surgery programs®. Also, hospitals
providing services to a relatively high proportion of deprived patients may provide more
equitable care.

Finally, we found slightly larger inequalities in TKA compared to THA patients during follow-
up with OKS/OHS that were not found with EQ-5D. We assume the EQ-5D and OKS/OHS have
a different ‘target’ area: the OKS/OHS are more sensitive to capture problems in relatively
healthier patients®®. A previous study similarly found lower improvements for education
level on role-physical functioning, general health (SF-36) and the Physical Component
Summary scale in TKA but not in THA patients®. This might be because TKA patients require
more rehabilitation than THA patients, which is subject to lower performance as it depends
on instruction and self-care.

Besides the ‘true’ effects of deprivation on reported health, we should be aware of
differences in response attitude. Previously, more educated, older Europeans were more
likely to rate a given health state negatively*:. This emphasizes the potential of systematically
lower cross-sectional PROM scores by the more affluent and in return, attenuation
of inequality effects. Response shift, which is a change in response attitude over time,
could influence the change scores®. It is possible that a life-changing intervention, such
as arthroplasty, has a different impact on values and priorities in deprived compared to
affluent patients, which may result in a different self-evaluation of health at follow-up.
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Concentration indices

Overall, the epidemiological measures and the concentration indices showed similar
deprivation effects. The concentration indices emphasized that inequalities were present
over the entire socioeconomic range and provide an indication of the magnitude of
inequalities. No obvious comparator currently exists within the medical domain. Adding
such an economic measure could be valuable for registry purposes, as it facilitates the
comparison of inequalities in different outcomes and between providers and health systems.

Strengths and limitations

A strength of the present study is the use of national registry data, which provides
generalizable results for Dutch THA and TKA patients. Furthermore, longitudinal data was
employed (before surgery to 12 months follow-up). The data was analyzed using regression
models in combination with concentration indices, of which the latter has not been applied
to a medical population before. A limitation of this study is the exclusion of non-responders,
those with only preoperative or 12-month follow-up data, and patients with missing data.
However, several sensitivity analyses were conducted, leading to findings similar to the main
analyses. A second limitation is that socio-economic status was measured with area-based
information, which may not always accurately reflect SES at the individual level. However,
area-based information generally leads to an underestimation of the associations between
individual information of SES and outcomes®®>!. We did not have hospital data and were
therefore unable to analyze their role in the observed inequalities. Lastly, the LROI does not
collect data on ethnicity, which often is an important determinant of health inequalities,
and might associate with observed differences according to SES.

CONCLUSION

The most deprived quintile of THA and TKA patients for the indication osteoarthritis had
the worst EQ-5D index and OHS/OKS scores before and after surgery, which persisted into
recovery. The observed inequalities were similar in size compared to having Charnley “C”,
i.e. multiple joints affected by osteoarthritis or severely impaired quality of life due to the
disease. Concentration index analysis showed that the inequality pattern exists across the
full range of SES. The addition of this analysis may provide a benchmark of the magnitude
of inequalities in orthopedic surgery and allows comparison of inequalities across different
outcomes such as revision risk and mortality. These analytical tools, especially if hospital
characteristics are added, may guide quality improvement initiatives aimed at reducing
inequalities.
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Chapter 4

ABSTRACT

Background

Prior to total hip and knee arthroplasty (THA/TKA), patients with low socioeconomic status
(SES) report worse Patient-Reported Outcome Measures (PROMs), persisting postoperatively.
This study explores which self-reported PROMs and their specific domains are most involved.

Methods

We obtained data from the Dutch Arthroplasty Registry (2014-2022), including over 100,000
THA/TKA patients with complete preoperative and 12-month follow-up PROMs. The EQ-5D-
3L and EQ-5D-5L, EQ Visual Analogue Scale (VAS), Oxford Hip and Oxford Knee Score (OHS/
OKS), and Numerical Rating Scales (NRS) for pain and satisfaction (TKA only, at 12-month
follow-up) were obtained. PROMs were transformed to a 0-100 scale for direct comparison.
We categorized a SES-indicator based on neighborhood income, unemployment rate, and
education level into quintiles. Through linear regression we contrasted the most vs. least
deprived SES quintiles, adjusting for patient and surgical characteristics. The contribution
(percentage) of each domain to the overall inequalities was estimated for the EQ-5D’s and
the OHS/OKS.

Results

Preoperatively, the most vs. the least deprived TKA patients had lower EQ-5D-3L: -2.1
[95% confidence interval -2.6, -1.6]. At 12-month follow-up, differences were smaller: EQ-
5D-3L 1.3 [-1.9, -0.7]). Analogous differences were present in OKS scores (preoperatively:
-4.3 [-5.3, -3.4]; 12-month: -1.8 [-2.5, -1.2]). The differences in EQ VAS scores were smaller
(preoperatively: -0.8 [-1.5, -0.1]; 12-month: -0.5 [-1.2, 0.1]). The differences in NRS pain (in
rest) were comparable to those in EQ-5D-3L and OKS (preoperatively: -4.5 [-5.4, -3.5]; 12-
month: -2.7 [-3.5, -1.9]), while NRS satisfaction showed no inequality at 12 months. For EQ-
5D-3L, the domain usual activities accounted for up to 46% of outcome inequalities, while
anxiety/depression played a limited role (up to 17%). For OHS/OKS, functioning contributed
most in THA (up to 61%) and pain contributed most in TKA (up to 68%). Findings were similar
in THA patients, and for TKA and THA patients measured using the EQ-5D-5L.

Conclusions

Deprived THA/TKA patients have poorer pre- and postoperative health, which was primarily
related to worse functioning and pain, providing potential opportunities for amendment.
These inequalities did not translate into worse overall health (EQ VAS) or into higher
dissatisfaction among deprived patients. Future research should investigate whether the
latter two questionnaires reflect true inequality-related effects or whether they were
disproportionately affected by reporting heterogeneity, e.g., due to differences in the
interpretation of wording.
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BACKGROUND

Socioeconomic status (SES), a composite measure including education, income and
occupation, is a significant driver of health inequalities in most medical fields" 2. Total
hip and knee arthroplasty (THA/TKA) are two commonly performed procedures that
typically alleviate pain and symptoms in patients suffering from end-stage osteoarthritis
of the hip and knee3. Within THA/TKA, SES-related health inequalities have convincingly
been demonstrated, with deprived patients experiencing poorer clinical outcomes such
as increased mortality and complication rates®. The health disadvantage associated with
low SES may arise from several mechanisms, including increased risk exposure, less healthy
occupational environment, and reduced access to medical care.

Patient-Reported Outcome Measures (PROMs) provide a valuable alternative to above-
mentioned clinical metrics for measuring health inequalities. PROMs are standardized,
validated, mostly self-reported questionnaires that assess patients’ generic and condition-
specific health status, and are widely used in orthopedics, including THA/TKA. For example,
previous studies have found that low SES associates with poorer preoperative®**® and
postoperative PROMSs® &%, which have illuminated that inequalities occur in the starting
position before surgery and during recovery after THA/TKA. The cited studies employed
various PROMs to explore health inequalities by SES, and reported varying strengths of
associations. Multiple instrument-specific factors and design features may be responsible,
as may be differing populations, hampering our understanding of how inequalities manifest
across these PROM instruments.

First, the instrument construct, including the health domains covered, matters'®. For example,
the Oxford Hip and Knee Score (OHS/OKS) instruments cover similar constructs, with emphasis
on joint-related function and pain. In comparison, the EQ-5D covers five generic quality of
life domains: mobility, self-care, usual activities, pain/discomfort (not specified any further),
and anxiety/depression. As it turns out, the OHS and EQ-5D provide similar results in THA
patients, with the exception of anxiety/depression, a domain with independent relevance®’.
In our context, this construct difference might impact measured health inequality, if deprived
patients disproportionately experience mental issues following surgery.

Other differences in instrument characteristics such as the scale used may also matter, which
usually affects reliability and responsiveness®®. Generally, multi-item measures such as the
OHS/OKS and EQ-5D psychometrically perform better compared to single-item measures
such as the EQ Visual Analogue Scale (VAS) and Numerical Rating Scale (NRS) for pain in THA
and TKA patients'®?!, Consequently, single-item measures such as the EQ VAS and Numerical
Rating Scale (NRS) for pain may show less SES-related inequalities compared to the multi-
item OHS/OKS and EQ-5D.
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A third factor potentially affecting the size of SES-related inequalities is reporting
heterogeneity, which refers to the phenomenon where a respondent systematically
interprets questions or response options differently. A simple example is the avoidance
of extreme answers, more often observed in the aged?®’. In our context, it is known that
poor individuals express greater satisfaction with health care than their more affluent
counterparts, even when they show inferior outcomes measured by other metrics®.
Reporting heterogeneity may therefore induce underestimation of ‘true’ health inequalities.
While all PROMs are susceptible to this phenomenon, some may be more susceptible than
others, such as the EQ VAS and satisfaction questions in general. We believe this to be
the case due to the phrasing used in these instruments, i.e., “How would you rate your
health today?” and “How satisfied are you with the treatment received?”, respectively. Such
phrasing may invite patients to respond using their own reference of the quality of care
received, more so compared to, e.g., the OHS/OKS or EQ-5D. While accounting for reporting
heterogeneity is complex, it should be considered as an explanans when comparing PROMs,
for example in assessments of health inequality magnitude?®*.

This study uses Dutch Arthroplasty Registry (LROI) data of THA and TKA patients to explore
SES-related inequalities using a range of PROMs, and to relate differences in size to their
domain structure and type of scale. By design, differences of methodology or patient
population do not play a role. Our study departs from the assumption that, among all types
of measures, health measured using the EQ-5D and OHS/OKS best reflect ‘true’ health in
the studied population. We propose the following hypotheses that we believe may explain
different PROMs scores in different categories of SES:

Hypothesis 1: SES-related inequalities will be more pronounced when measured by the
EQ-5D compared to the OHS/OKS, because the EQ-5D includes the domain of anxiety/
depression.

Hypothesis 2: SES-related inequalities will be more pronounced in multi-item scales (e.g.,
EQ-5D or OHS/OKS) compared to single-item scales (e.g., EQ VAS, NRS pain and satisfaction),
due to the poorer instrument characteristics of single-item scores in general.

Hypothesis 3: SES-related inequalities will be most pronounced when measured with the

EQ-5D and OHS/OKS compared to the EQ VAS and NRS satisfaction, which may suggest the
presence of reporting heterogeneity.
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METHODS

Data source

This observational cohort study used anonymized, prospectively collected clinical registry
data (www.lIroi.nl). This registry is under responsibility of the Netherlands Orthopedic
Association (NOV). Patients undergoing surgery may opt out for sharing their data with
the LROI. Studies using LROI data are subject to technical and ethical judgment by the
registry holder, and Dutch Law does not require additional institutional ethical judgment by
a Medical Ethical Review Board. Our study followed the STROBE guideline for observational
studies and when appropriate the COSMIN Study Design checklist?* 26,

The LROI captures over 95% of THA and TKA surgeries performed in the Netherlands since
20097, Variables encompass patient and surgical characteristics, and outcomes. Since 2014,
a set of internationally validated generic and disease-specific PROMs has been included in
the LROI, supported by the NOV. PROMs are collected at three time points: preoperatively
(maximal 6 months before surgery), 3 months after surgery (range 2—4 months) in THA, 6
months after surgery (range 5—7 months) in TKA, and 12-months after surgery (range 11-13
months) for both procedures. Response rates since 2017 are approximately 40%, depending
largely on hospital participation?.

Inclusion criteria

We selected primary THA and TKA patients between 2014 to 2022 with complete
preoperative and 12-month follow-up PROMs. Further selection was through diagnosis of
osteoarthritis, which is the largest and most homogeneous group. Records of contralateral
joint replacements during this period were also obtained. From 2014 until 2020, the EQ-5D-
3L was used. In 2021, it was replaced by the EQ-5D-5L. Since scores of the -3L and -5L version
are not directly interchangeable on the individual level (see ‘Outcomes: PROMs’ below) %,
the dataset was split accordingly. Patients who completed a preoperative EQ-5D-3L and
responded to a 12-month follow-up EQ-5D-5L during the transition period were excluded.

Variables

Patient and surgical data included age, biological sex, body mass index (BMI), Charnley
score3®, American Society of Anesthesiologists (ASA) score®!, previous surgery of the
replaced joint, smoking status, type of hospital, prothesis fixation method, and surgical
approach. The Charnley score represents the extent of osteoarthritis disease, and ranges
from “A” (one joint affected) to “C” (multiple joints affected or quality of life severely
impaired due to the disease). Hospital type was categorized as private, general, or university.
Fixation methods were categorized as cemented, cementless, or hybrid. Surgical approach
for THA was categorized as anterior, anterolateral, posterolateral, straight lateral, and other.
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For TKA, surgical approach was categorized as lateral parapatellar, medial parapatellar, and
mid- or sub-vastus.

Exposure: socioeconomic status

A neighborhood SES score was linked to patients using four-digit postal codes®?. This
standardized score is calculated by two government institutions (Statistics Netherlands
and the Netherlands Institute for Social Research) from the mean income per household,
percentage of households with low income, percentage of unemployed inhabitants, and
percentage of households with low education per postal code area. The SES score is only
calculated for postal code areas with a minimum of 100 inhabitants (mean 4300 inhabitants
per postal code). We used the 2017 scoring because it was the mid-point of our primary
cohort. Moreover, neighborhood deprivation is known to be very stable over several years®.
Based on customary practice and guidelines, SES was divided into quintiles*.

Outcomes: PROMs

For our research questions, we obtained data from EQ-5D-3L, EQ-5D-5L, EQ VAS, OHS/
OKS, NRS for pain at rest, NRS for pain during activity, and NRS for satisfaction with the
undergone procedure (the latter was only available in TKA at 12-month follow-up). All
PROMs were self-reported. The EQ-5D-3L and EQ-5D-5L have 5 domains (mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression) on which patients report their
perceived general health®>. For each domain the -3L version has 3 response options ranging
from ‘extreme’ to ‘no complaints’. The EQ-5D-5L has 5 response options, which has been
shown to increase sensitivity and reducing ceiling?®. Typically, the scores for the 5 domains
can be linked to a ‘value set’, which transforms the 5 domain scores into an overall ‘utility’
value for this health state. When the purpose of EQ-5D data is non-economic, as in this
study, the EuroQol Research Foundation advises to sum the domain scores directly into a
level-sum-score (LSS)3¢. The LSS of the EQ-5D-3L ranges from 5 to 15, and for the EQ-5D-5L
it ranges from 5 to 25, with lower scores indicating better health. The EQ VAS rates own
health on a visual analogue scale from 0 (‘The worst health you can imagine’) to 100 (‘The
best health you can imagine’). The OHS/OKS consists of 12 items on two domains, namely
(physical) functioning and pain, in patients with osteoarthritis of the hip/knee®. In the
OHS each domain is covered with 6 items, while in the OKS the function and pain domains
are covered by 5 and 7 items, respectively. The OHS/OKS scores range from 0 to 48, with
48 indicating no disability. The NRS pain outcomes are rated on a scale of 0 to 10, with 10
reflecting severe pain. For the NRS satisfaction, however, a score of 10 reflects the highest
degree of satisfaction with the result. To facilitate direct comparison, all PROM scores were
transformed to a 0 to 100-scale, with 100 representing the best attainable outcome.
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Missing data

Missing Charnley scores were conservatively estimated as ‘A’, because only patients with
osteoarthritis were selected. Ages under 10 years or over 105 years, and BMI values
below 10 or above 70, were recoded as ‘missing’ in accordance with LROI guidelines®®. As
missing data in one or more variables was present in only 4% of patients with EQ-5D data,
a complete case analysis was conducted. Among patients with EQ-5D data, other PROMs
were missing in up to 9% of patients per cohort; therefore, a complete case analysis was
also conducted for these outcomes.

Statistical analysis
Analyses were performed for THA and TKA separately, and for the primary (EQ-5D-3L) and
secondary (EQ-5D-5L) cohorts.

For continuous variables we calculated medians with interquartile ranges (IQR), and for
categorical variables percentages. To quantify ‘ceiling” we calculated the proportion of
patients reporting best health, i.e., a score of 100, for each total PROM score. Based on
existing reporting practice, a percentage greater than 15% was considered indicative of a
ceiling. The ANOVA (t-test) and chi-squared tests were used to compare the most and least
deprived quintile when appropriate.

First, we explored the size of SES-related inequalities across different PROMs. Linear
regression (LR) was used for this purpose, testing and quantifying the association between
SES quintiles and total PROMs scores, separately for the preoperative and 12-month follow-
up measurement. The least deprived SES quintile was used as reference; we expected
negative regression coefficients for less affluent SES categories. Models were adjusted
for sex, age, BMI, ASA score, Charnley score, and type of hospital, which were considered
potential confounders®. The regression models for 12-month follow-up outcomes were
also adjusted for the preoperative score of the respective PROM*, To facilitate meaningful
interpretation of coefficients, the preoperative score was entered as a categorical variable,
grouped into tertiles (low, medium, high) of approximately equal size using the ‘santoku’
package®. Cut-off values are included in Supplemental File, Table 1.

Previously, we found that the relation between SES and postoperative PROMs differed
according to preoperative score!®. Therefore, we also stratified the models according to
the tertiles of the preoperative score of the respective PROM, rather than adjusting for the
preoperative score. No preoperative measurement is available for the NRS satisfaction,
which should be regarded as a concept both covering current health and health change.
As satisfaction following arthroplasty is known to be associated with preoperative health
we may expect stronger associations between SES and satisfaction for worse preoperative
health®. Thus, NRS satisfaction was also stratified according to the preoperative EQ-5D LSS.
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A three-step procedure was conducted to estimate the contribution of separate domains of
the PROMs (EQ-5D and OHS/OKS) to the health inequalities. First, we removed the domain
for which the contribution was to be calculated from the total score of that PROM*. The
model was re-run with this ‘total minus one’ score. Second, the SES coefficients of the
total and ‘total minus one’ model were compared, and the difference in coefficients was
calculated as a percentage. Third, the percentages over the SES quintiles were averaged,
resulting in a percentage-wise expression of how much a domain contributed to the overall
association between SES and the total score. We repeated this procedure for each domain
of the PROM. For the OKS, if each domain contributed equally, the functional domain would
account for around 42% (5/12 items) and the pain domain would account for 58% (7/12
items) of the inequality found with the total OKS score. The OHS and EQ-5D have a balanced
number of items across their domains, so equal contributions would result in percentages
of equal size.

Because our dataset contained contralateral procedures, we evaluated whether we needed
to account for nesting of outcomes at the patient level (i.e., using hierarchical modeling).
We compared empty (null) models with and without random intercepts for the patient. As
model fit did not improve, we reported the results of regular regression models.

We compared coefficients between PROMs, presenting them with 95% confidence intervals
[95% Cls] to determine the degree of certainty in differences in inequalities observed. We
accepted/refuted our hypotheses based on whether the difference between coefficients
exceeded the uncertainty interval (i.e., showed no overlap) in the expected direction,
following standard practice for evaluating hypotheses in the validation of PROM instruments.
In our previous publication, no evidence of bias was observed in the inequality patterns due
to non-response; hence, this was not assessed again®. A p-value of <0.05 was considered
statistically significant. All analyses were performed in R version 4.1.2 43,

RESULTS

After removing incomplete cases, the primary (EQ-5D-3L) cohorts had 45,822 THA and
32,734 TKA procedures (Figure 1). The secondary (EQ-5D-5L) cohorts had 14,388 THA and
9,191 TKA procedures.
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Figure 1: Flowchart depicting case-selection (THA/TKA)
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Primary (EQ-5D-3L) cohorts

Descriptive analysis

THA and TKA patients were about 69 years old and were more likely to be female. Inequalities
by SES followed expected patterns, e.g., those who were more deprived tended to be less
healthy measured with ASA score (Supplemental File, Table 2-3).

Preoperatively, median values for the OHS/OKS and NRS pain scores were lower than those
for the EQ-5D-3L and EQ VAS scores, and were closer to the scales’ midrange score of 50 (i.e.,
the center of the 0-100 scale) for all SES quintiles. OHS/OKS and NRS pain scores also showed
greater distribution (larger IQRs). At 12-month follow-up, median values and distributions
for all SES quintiles were similar across all PROMs.

Preoperatively, there was no ceiling in any of the PROMs across deprivation quintiles. At
12-month follow-up, all PROMs exhibited ceiling to some extent. The highest was observed
for the NRS pain outcomes, while the lowest was observed for EQ VAS. The most deprived
patients responded best health about 5% less often for all PROMs.

Linear regression models
The full adjusted models can be found in Supplemental File, Table 4-7.

Hypothesis 1: SES-related inequalities will be more pronounced when measured using the
EQ-5D compared to the OHS/OKS

Preoperatively, the most deprived patients had lower EQ-5D-3L LSS (THA: -1.6 [95% ClI
-2.0, -1.2]; TKA: -2.1 [95% Cl -2.6, -1.6]) scores than the least deprived group (Table 1). The
differences on OHS/OKS compared to EQ-5D-3L scores was similar in THA, but larger in
TKA patients with non-overlapping Cls (THA: -2.4 [95% CI -3.0, -1.9]); TKA: -4.3 [95% CI
-5.3, -3.4]). At 12-month follow-up, differences were smaller (Table 2). The most deprived
patients reported lower EQ-5D-3L LSS (THA: -1.1 [95% CI -1.6, -0.7]; TKA: -1.3 [95% CI -1.9,
-0.7]) and OHS/OKS (THA: -0.7 [95% CI -1.1, -0.2]; TKA: -1.8 [95% CI -2.5, -1.2]) scores. The
results indicate that this hypothesis was not met.
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Hypothesis 2: SES-related inequalities will be less pronounced in single-item compared to
multi-item scales

Preoperatively, the difference between the most vs. least deprived quintile on the single-
item EQ VAS (THA: -1.0 [95% CI -1.6, -0.4]; TKA: -0.8 [95% CI -1.5, -0.1]) was about half the
size of the multi-item EQ-5D-3L LSS, and even smaller compared to the multi-item OHS/
OKS. For most of these comparisons, Cls did not overlap. The differences on the single-item
NRS pain scores (NRS pain in rest; THA: -3.4 [95% CI -4.2, -2.7]; TKA: -4.5 [95% Cl -5.4, -3.5])
were similar to the EQ-5D-3L and OHS/OKS scores. At 12-month follow-up these patterns
persisted. Moreover, at 12-month follow-up, the most vs. least deprived TKA patients did
not report different satisfaction levels (-0.0 [95% CI -0.9, 0.8]) (Table 3). The results indicate
that this hypothesis was not met.

Table 3: Association between socioeconomic status and 12-month follow-up NRS satisfaction in
TKA patients

NRS Satisfaction*

Variable Beta [95% CI]
Intercept 76.5[74.1,79.0]
SES
Q1 [least depr.] ref
Q2 0.2[-0.7,1.1]
Qa3 0.7[-0.1, 1.6]
Q4 0.3[-0.6,1.1]
Q5 [most depr.] 0.0[-0.9,0.8]
R-squared 0.01

The table depicts data from the EQ-5D-3L cohort. Multivariable linear regression models were used, with
adjustment for sex, age, BMI, ASA score, Charnley score, and type of hospital. The NRS for satisfaction was
transformed to 0-100 where 100 is the best score possible.

Abbreviations: NRS = Numerical Rating Scale

Hypothesis 3: SES-inequalities will be least pronounced measured with EQ VAS and NRS
satisfaction compared to EQ-5D and OHS/OKS
The results described under hypothesis 2 indicate that this hypothesis was met.

Impact of SES on 12-month follow-up PROMs, stratified by preoperative health

The point-estimates of inequalities on all PROMs between most and least deprived groups
tended to be larger for a low preoperative score (Figure 2A and 2B). This pattern seemed
less pronounced for EQ VAS, particularly in TKA patients. Points-estimates of SES-related
differences in NRS satisfaction in TKA patients, after stratifying according to preoperative
EQ-5D-3L LSS, behaved similar to EQ VAS. Overall, these findings illustrate that the patterns
described under the hypotheses seem more evident in a low vs. high preoperative score.
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Figure 2A: Impact of SES on 12-month follow-up outcome, stratified by preoperative outcome

(THA)

Abbreviations: LSS = level sum score; VAS = Visual Analogue Scale
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Figure 2B: Impact of SES on 12-month follow-up outcome, stratified by preoperative outcome (TKA)

Domain contribution

For the EQ-5D-3L, at each measurement point and in both THA and TKA patients, the ‘usual
activities’ domain played a larger role in the SES-related PROM score differences (explained
25-46%) (Table 4). ‘Mobility’ had a limited role preoperatively (5%), which increased at
12-month follow-up (21-24%). ‘Anxiety/depression’ had a limited role in general (9-17%).
Diverging patterns were seen for the other domains. For the OHS/OKS, function and pain
had similar contributions to the observed differences preoperatively. At the 12-month
follow-up, function (61%) was slightly more important for THA patients, while pain (68%)
was more important for TKA patients.
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Table 4: Percentage of inequality explained by each EQ-5D-3L and OHS/OKS dimension

THA TKA
Preoperative 12-month Preoperative 12-month
follow-up follow-up

EQ-5D-3L
Mobility 5 21 5 24
Self-care 26 36 19 13
Usual activities 37 25 31 46
Pain/discomfort 18 7 28 12
Anxiety/depression 13 13 17 9
OHS/OKS
Function 46 61 38 24
Pain 54 35 62 68

The table depicts data from the EQ-5D-3L cohort. The multivariable linear regression models were used to calculate
the percentage of the overall coefficient explained by each domain, as described in the methods section.
Abbreviations: OHS = Oxford Hip Score; OKS = Oxford Knee Score

Secondary (EQ-5D-5L) cohorts

Findings regarding demographics (Supplemental File, Table 8-9), preoperative outcomes
(Supplemental File, Table 10-11) and outcomes at 12-month follow-up (Supplemental File,
Table 12-13) were similar between the EQ-5D-5L and EQ-5D-3L cohorts. Two exceptions
were noted. First, preoperatively, inequalities between most and least deprived for the EQ-
5D-5L LSS in TKA patients were smaller and insignificant (-0.78 [95% CI -1.76, 0.20]). Second,
at 12-month follow-up, inequalities were smaller across all PROMs compared to the EQ-
5D-3L cohort, except for OHS in THA. In the EQ-5D-5L cohort, domain contributions were
roughly similar compared to the EQ-5D-3L cohort, although the earlier described pattern
observed on OHS/OKS was less evident (Supplemental File, Table 14).

DISCUSSION

Main findings

This study demonstrated the presence of SES-related health inequalities in Dutch THA and
TKA patients, using a set of acknowledged condition-specific and generic PROMs. Higher
deprivation levels were invariably associated with worse health status, both preoperatively
and at the 12-month follow-up. The differences were relatively small, bringing into question
the clinical relevance. To put the findings into perspective, the average difference between
lowest and highest deprivation quintile ranged from 25 to 50% of the minimal important
difference (an individual-based relevance criterion) of the instruments®* 4>,

Contrary to our first hypothesis, the SES-related inequalities expressed with the condition-
specific OHS/OKS were similar to those in the generic EQ-5D. The second hypothesis was also
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rejected, as the single-item NRS pain instrument showed similar inequalities compared to the
EQ-5D and OHS/OKS. This is most likely due to pain being the hallmark of the osteoarthritic
condition, and relatively high responsiveness compensates for the limited domain coverage
of the NRS for pain?!. The single-item EQ VAS showed smaller to no inequalities. We found
evidence supporting the third hypothesis, i.e., the presence of reporting heterogeneity of
PROMs influencing inequality size: e.g., NRS satisfaction did not show inequalities in TKA
patients at 12-month follow-up, despite inequalities being present measured with PROMs
assumed to exhibit less reporting heterogeneity. We are aware this evidence is not conclusive
and dedicated research is needed to separate a true health difference (i.e., a similar clinical
outcome in the deprived) from reporting heterogeneity (i.e., overrating by deprived patients).

Comparison with the literature

The OHS/OKS showed a similar magnitude of outcome inequalities by SES compared to the
generic EQ-5D, both pre- and postoperatively. This could be an indirect effect of deprivation
not affecting the anxiety/depression domain of the EQ-5D. It contradicts a study conducted
in the United States (US) reporting poorer mental health (PROMIS General Health Short
Form) among deprived TKA patients*. While the anxiety/depression domain is considered
sensitive®”, we presume this to be a true effect. Among the Dutch patient population, mental
health problems are perhaps less likely to vary according to SES compared to the US, given
the SES-indicator is categorized into quintiles. We assume the increased mental health issues
in the US could be the result of steeper economic inequalities the Netherlands. Overall,
we think it is reasonable to assume that the EQ-5D and OHS/OKS are measuring a similar
deprivation effect, due to the considerable overlap of the domains/items that are relevant
for TKA/THA patients.

Preoperative and postoperative SES pathways

To understand the sources of SES-related inequalities, we should separate preoperative
from postoperative outcome differences by SES. The greater preoperative pain and function
among the deprived suggests more severe osteoarthritis when surgery is prescribed and that
different thresholds for prescribing surgery are applied. This may indicate the presence of
(presumably unintentional) selection, either by the patient or the provider. A US study found
that marginalized groups expressed less preference for undergoing surgery*®. For example,
Black patients perceived THA or TKA half as likely to be beneficial compared to White patients.
Cost-sharing and deductibles are common features of the Dutch insurance system, which
may contribute to self-selection. For example, these financial factors associate with reduced
use of mental healthcare resources, potentially influencing who seeks treatment*. Deprived
patients may also be selected at a later stage for surgery. The general practitioner at the
referral stage or the surgeon during the selection procedure may show more reluctance to
advise the surgery given the increased presence of comorbidity (e.g., higher BMI)*>°. Finally,
communication barriers may lead to an underestimation of the pain and dysfunction levels
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in deprived patients at all stages®. In particular, more affluent patients may be able to
make a stronger case for surgery. While the fact is clear-cut, the attribution of SES-related
inequalities to specific underlying pathways is in its infancy, hampering reduction.

Postoperative SES-related outcome differences may rest on other factors, apart from
a direct relation between pre- and postoperative health. TKA typically requires a more
intensive recovery trajectory compared to THA. For that reason, physiotherapy is often
advised for TKA patients. The first 20 sessions of physiotherapy following TKA/THA are,
however, not covered by the compulsory health insurance in the Netherlands. Financial
barriers can be expected for the deprived, and the pressure to restart work or household
roles may be higher. Additionally, health literacy issues or language barriers may limit full
understanding of the instructions during recovery.

Potential reporting heterogeneity

Separating ‘true’ inequality effects from reporting heterogeneity, a potential source
of measurement error, is challenging. We assumed that inequalities in EQ-5D and OHS/
OKS by SES, given their wide use in THA and TKA research, best represent ‘true’ health
disadvantages. The SES-related inequality was reduced/absent when measured with EQ VAS
and NRS satisfaction, compared to the EQ-5D and OHS/OKS. The first explanation states that
deprived patients ‘simply’ rate their overall health state to be better or are more satisfied
with the result than less deprived patients, which would explain similar scores using the EQ
VAS and NRS satisfaction. This explanation implies that overall health or satisfaction has the
same meaning across deprivation groups. If this is the case, these measures warrant careful
interpretation in the context of SES-related inequalities. Given the broad scope of these
questionnaires and the lack of information on which factors influence these measurements®?,
we cannot conclude that similar scores across SES categories indicate better THA/TKA care.
In other words, without contextual information, these measures provide limited insight into
important domains pertinent to the quality of THA/TKA, such as aspects of pain, physical
and mental functioning. Although the EQ-5D and OHS/OKS lack important domains such as
social functioning, they provide an explicit assessment of the abovementioned domains®3.

Another explanation for differences in the magnitude of SES-inequalities is that both EQ
VAS and NRS satisfaction show reporting heterogeneity®*. In other words, the EQ VAS
and NRS satisfaction measures have subtle differences in meaning and severity grading
across deprivation groups. This phenomenon may turn into what has been described as
the ‘disability paradox’, and entails a discrepancy between the perceived quality of life
by external observers and the reported quality of life by individuals with disabilities®. As
described earlier, phrasing may matter, and the EQ VAS and satisfaction could invite patients
to respond using their own reference of the quality of care; these measures may also cover
more than health care and health status alone. This internal judgment scale may be affected
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by prior expectations and experiences. As the EQ-5D and OHS/OKS show relatively similar
inequality effects, we expect less bias in these measures. ‘Response shift’, which in essence
is a change of response style over time, may also play a role. This phenomenon is described
as occurring when patients undergo a process of adaptation over time, leading to a change in
their internal standards, values, or conceptualization of their quality of life®. It is a desirable
human capacity per se, enabling to live up with changed conditions, but it interferes with
objective measurement. In our study, the arthroplasty procedure could be an evoking factor,
and VAS/satisfaction measures could be more sensitive to this adaptation process. The best
way to identify these reporting heterogeneity phenomena would be to conduct a study
using vignettes (external anchors) .

Strengths and limitations

We included a diverse set of PROMs, and the quality of the registry data was excellent.
Moreover, the large national sample and the inclusion of both THA and TKA patients
enhanced the generalizability of our findings. A key limitation is the limited information
on factors that could explain SES-related inequalities. We relied on postal codes to link
an area-based SES indicator. Despite its proven reputation as an explanatory factor, as in
our study, more specific variables such as individual-level education are also needed to
delineate pathways to reduce SES-related inequalities. A second limitation is our reliance
on an indirect method to suggest the presence of reporting heterogeneity. Finally, while
the primary and secondary cohorts yielded largely consistent findings, some discrepancies
were observed. The starting year of the secondary cohort coincided with the onset of the
COVID-19 pandemic, which significantly affected orthopedic care. The PROMs collected
during the pandemic differed from those collected in the pre-pandemic periods, potentially
accounting for the subtle differences between cohorts*.

CONCLUSIONS

This study demonstrated that SES-related inequalities among Dutch THA and TKA patients
differ significantly across PROM instruments, although the clinical relevance of these
differences remains questionable. The most significant SES-related inequalities were
observed for functioning and pain (OHS/OKS, NRS pain, EQ-5D), providing potential
opportunities for amendment. Notably, the anxiety/depression domain of the EQ-5D had
a limited role. Overall, these findings did not translate into deprived patients rating their
overall general health (EQ VAS) worse or expressing dissatisfaction (NRS satisfaction).
Caution should be exercised when interpreting these latter two measures, as they may lead
to overly simplistic interpretations of differences in health based on SES. Future research
should focus on further identifying the drivers of inequalities and assessing whether PROMs,
in particular EQ VAS and satisfaction, reflect ‘true’ inequalities or are disproportionally
affected by reporting heterogeneity.
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SUPPLEMENTAL FILE, TABLES 1-14

- Exposure: SES, which was categorized into quintiles.

- Outcome: all PROM outcomes were transformed into a 0-100 scale where 100 represents
the best attainable outcome.

- Table 1 presents cut-off values of preoperative PROM scores (tertiles).

- Table 2-3 presents descriptive statistics of demographics and outcomes of the primary
EQ-5D-3L cohorts.

- Table 4-7 presents the full adjusted linear regression models studying the association
between SES and respective PROM outcomes for the primary EQ-5D-3L cohorts. The
regression models were adjusted for sex, age, BMI, ASA score, Charnley score, and type
of hospital.

- Table 8-9 presents descriptive statistics of demographics and outcomes of the secondary
EQ-5D-5L cohorts.

- Table 10-13 presents the full adjusted linear regression models studying the association
between SES and respective PROM outcomes for the secondary EQ-5D-5L cohorts. The
regression models were adjusted for sex, age, BMI, ASA score, Charnley score, and type
of hospital.

- Table 14 presents the percentage of inequality explained by each EQ-5D-5L and OHS/
OKS dimension, using data from the secondary EQ-5D-5L cohort.

- Abbreviations: PROM = patient-reported outcome measure; THA = total hip arthroplasty;
TKA = total knee arthroplasty; SES = socioeconomic status; BMI = Body Mass Index;
ASA = American Society of Anesthesiology score; LSS = level-sum-score; VAS = Visual
Analogue Scale; OHS = Oxford Hip Score; OKS = Oxford Knee Score; NRS = Numerical
Rating Scale; IQR = Interquartile Range
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Table 14: Percentage of inequality explained by each EQ-5D-5L and OHS/OKS dimension (EQ-5D-
5L cohort)

THA TKA

Preoperative 12-month follow-up Preoperative 12-month follow-up
EQ-5D-5L
Mobility 15 23 8 25
Self-care 21 53 29 10
Usual activities 31 51 45 25
Pain/discomfort 19 62 13 22
Anxiety/depression 13 61 5 16
OHS/OKS
Function 57 47 53 54
Pain 43 46 50 41
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Chapter 5

ABSTRACT

Background

While peripheral nerve blocks (PNBs) are associated with various improved outcomes in
patients undergoing total hip or knee arthroplasty (THA/TKA), disparities in PNB utilization
have been reported. This study assessed the importance of socioeconomic, demographic,
clinical and hospital determinants in explaining PNB utilization using the population
attributable risk (PAR) framework. Subsequently, we examined the association between
PNB use and 3 secondary outcomes: Centers for Medicare and Medicaid Services (CMS)-
defined complications, 90-day all-cause readmissions and length of stay >3 days.

Methods

This retrospective cohort study included 52,926 THA and 94,795 TKA cases from the 5% 2012
to 2021 Medicare dataset. Mixed-effects logistic regression models measured the association
between study variables and PNB utilization. Variables of interest were demographic (age,
sex), clinical (outpatient setting, diagnosis, prior hospitalizations in the year before surgery,
Deyo-Charlson index, obesity, (non)-opioid abuse, smoking), socioeconomic (neighborhood
Social Deprivation Index, race and ethnicity) and hospital variables (beds, ownership, region,
rurality, resident-to-bed ratio). The model was used for the calculation of variable-specific
and variable category-specific PARs (presented in percentages), reflecting the proportion
of variation in PNB use explained after eliminating variables (or groups of variables) of
interest with all other factors held constant. Subsequently, regression models measured
the association between PNB use and secondary outcomes. Associations are presented
with odds ratios (OR) and 95% confidence intervals (95% Cls).

Results

Socioeconomic and demographic variables accounted for only a small proportion of
variation in PNB use (up to 3% and 7%, respectively). Clinical (THA: 46%; TKA: 34%) and
hospital variables (THA: 31%; TKA: 22%) were the primary drivers of variation. In THA,
variation by clinical variables was driven by increased PNB use in the inpatient setting (OR,
1.28 (95% Cl 1.07, 1.53)) and decreased use in patients with >2 prior hospitalizations (OR,
0.72 (95% C1 0.57, 0.90)). Moreover, non-osteoarthritis diagnoses associated with reduced
PNB utilization in THA (OR, 0.64 (95% Cl 0.58, 0.72)) and TKA (OR, 0.35 (95% CI 0.34, 0.37)).

In TKA, PNB use was subsequently associated with fewer complications (OR, 0.82 (0.75,
0.90)) and less prolonged length of stay (OR, 0.90 (0.86, 0.95)); no association was found
for readmissions (OR, 0.98 (0.93, 1.03)). In THA, associations did not reach statistical
significance.
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Conclusions

Among THA and TKA patients on Medicare, large variations exist in the utilization of PNBs
by clinical and hospital variables, while demographic and socioeconomic variables played
a limited role. Given the consistent benefits of PNBs, particularly in TKA patients, more
standardized provision may be warranted to mitigate the observed variation.

Key points

Question: What is the importance of socioeconomic, demographic, clinical and hospital
determinants for the utilization of peripheral nerve blocks (PNBs) in total hip and knee
arthroplasty patients (THA/TKA), and do PNBs associate with improved outcomes?

Findings: In both THA and TKA patients on Medicare, clinical (eg, indication for surgery)
and hospital variables explained most variation in PNB use, while demographic and
socioeconomic variables played a limited role; in TKA patients, PNBs were also associated
with reduced complications and length of stay.

Meaning: Our findings emphasize substantial individual and hospital practice variation in

PNB use; as PNBs are consistently associated with improved outcomes, particularly in TKA
patients, the findings are a plea for more standardized provision of PNBs.
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INTRODUCTION

While peripheral nerve blocks (PNBs) have been associated with improved outcomes
in patients undergoing total hip or knee arthroplasty (THA/TKA)* 2, disparities in their
utilization based on patient and hospital determinants have been reported*?®. Indeed,
studies have shown that being younger, un(der)insured or belonging to a minority group is
associated with lower odds of receiving PNBs®’. At the hospital level, a rural location and
teaching status are associated with decreased PNB utilization*. However, size and even
direction of effect are not always consistent as illustrated by a recent study including both
patient- and hospital-level variables®.

Separating the effect of factors of interest is complex in both statistical analysis and daily
practice, as they are often interrelated. One should account for the so-called ‘level’ of their
action (eg, patient-level versus hospital-level effects). Also, the impact indicator should
reflect both the prevalence and the strength of the determinants. For example, even if there
is a very strong association indicating Black patients receive fewer PNBs, its population-
level impact will be limited in a hypothetical population with only a few Black patients. In
a population with more Black patients, the population-level impact may still be limited if
the strength of the race-PNB association is weaker than other or higher-level factors. The
population attributable risk (PAR) concept, combined with stepwise analysis methods to
account for the aforementioned “level” of action issue, provides a valuable approach for
this purpose® . The PAR assesses the impact of a determinant (or study variable of effect)
in terms of the proportion of PNB use accounted for by that determinant.

Our study aimed to get a deeper understanding of the source of PNB variation. We estimated
the importance of the socioeconomic background (including race/ethnicity and a proxy
for socioeconomic status [SES]), demographic, clinical, and hospital determinants of the
patient in explaining PNB utilization. We hypothesized a greater role of hospital versus
patient variables and that within the latter PNB use would be lower in minority patients and
those with a lower SES. We subsequently examined the association between PNB use and
3 important outcomes related to THA/TKA (complications, 90-day all-cause readmissions
and length of stay) hypothesizing that PNB would be associated with improved outcomes,
further emphasizing the importance of minimizing the hypothesized variation in PNB use.

METHODS

Data

In this retrospective cohort study, we analyzed inpatient and outpatient THAs and TKAs
performed between 2012 and 2021 (all data available to our research group) as recorded
in the Medicare Limited Dataset!. Given the deidentified nature of the data source, this
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study was exempt from full review by the Mount Sinai Institutional Review Board (STUDY-
20-01677). This study followed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines®.

The Medicare database includes patient-level claims of all Medicare-insured patients in the
United States. The inpatient and outpatient files contain an incomplete overview of the PNBs
used; therefore, we also used the Carrier file to define PNBs, which made it necessary to
use the 5% random sample. Each encounter contains information on procedural (Current
Procedural Terminology [CPT]) and diagnosis-related (International Classification of Diseases
ninth Revision codes [ICD]) codes. In 2015 the International Classification of Diseases
tenth Revision coding system (ICD-10) was introduced. As this database mainly captures
individuals aged over 65 and/or with disabilities, younger patients with or without private

insurance are not included.

Inclusion and exclusion criteria of the sample

We constructed an initial cohort of 241,326 primary THA (CPT: 27130, ICD-9: 81.51, ICD-
10: 0SR90, OSRBO) and TKA (CPT: 27477, ICD-9: 81.54, ICD-10: OSRCO, OSRDO) patients. To
define comorbidity prevalence and complication rate before and after surgery, respectively,
we excluded patients who had surgery in 2012 or the last 3 months of 2021 (n = 21,609).
Subsequently, we excluded patients who were not continuously enrolled in the database
for at least 1 year prior to and 3 months after their joint arthroplasty (n = 41,375); patients
inhabiting unincorporated territories of the United States (n = 186); aged <66 (n = 21,467);
eligibility for Medicare due to end-stage renal disease (n = 347); patients having claims
of both THA and TKA simultaneously (n = 711). For each patient, we only kept index
arthroplasties which were 90 days apart, excluding another n = 2309 claims. Therefore,
repeat procedures are not expected!®. Patients may have had a contralateral procedure
or procedure of another joint. Given the nature of the data, we were unable to determine
whether patients had prior primary joint replacement before enrolling in Medicare. This
process resulted in a sample of 153,322 patients (Figure).
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Initial cohort of THA and TKA patients, identified from the
Medicare Limited Data Set (5% sample) between 2012 and

2021 (n = 241,326).

Excluded: patients from 2012 and the last 3 months of
2021 (n = 21,609); patients who were not continuously
enrolled in those months (n = 41,375)

Excluded: patients living in Puerto Rico, Guam, or non-US

Excluded: patients who were aged <66 at time of surgery (n

Excluded: patients who were Medicare eligible due to end-

Excluded: patients who had both a THA and TKA replaced in

Excluded: surgery claims within 90 days of index surgery (n

Excluded: patients with missing data in 1 or more variables

A
| N =178,342
v territories (n = 186)
| N =178,156
=21,467)
| N = 156,689
stage renal disease (n = 347)
| N = 156,342
| a single procedure (n = 711)
| N =155,631
=2,309)
v
| N =153,322
(n=7,874)

Final sample of THA and TKA patients (n = 145,448)

Figure: Flowchart depicting sample selection

Variables

Variables were selected based on the potential influence on PNB use either found in
previous studies or based on clinical judgement®® . Directly obtained were age, sex,
and year of surgery. Race and ethnicity was grouped as White, Black, and other (Asian,
Hispanic, North American Native, other)®. Diagnosis was defined as either osteoarthritis
or nonosteoarthritis using ICD codes (attached in Supplemental File 1). We calculated the
Deyo-Charlon comorbidity index and categorized it into 0, 1, 2, and >3¢Y.We identified a
history of obesity, smoking, nonopioid, and opioid abuse. Prior hospitalization was defined
as any acute care hospitalization in the 365 days before receiving surgery (excluding
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index arthroplasties) and was categorized into 0, 1, or 22. The effect of these variables
on arthroplasty outcomes is well known, however, to our knowledge they have not been
studied in the context of PNB utilization.

The 2019 neighborhood Social Deprivation Index (SDI) provides details on the place of living
and was individually linked to the state-county ID. The SDI is a composite measure based
on 7 characteristics, where a 1 to 100 SDI score is calculated using 5-year (2014-2019)
averaged data from the American Community Survey: % living in poverty, % with <12 years
of education, % single-parent households, % living in rented housing units, % living in the
overcrowded housing unit, % of households without a car, and % nonemployed adults under
65 years of age'®. We categorized it into 5 groups based on the thresholds for the 20, 40,
60", and 80 percentiles®. Neighborhood deprivation indices are generally stable over time,
and the currently applied measure is assumed valid for the included timeframe?°.

The following hospital data were derived from the 2017 Hospital Inpatient Prospective
Payment System 2017 impact file: beds (0-150, 150—499 and >500), ownership (government,
physician/proprietary, voluntary), rurality (large urban, small urban and rural), region
(Northeast, South, Midwest, and West) and resident-to-bed ratio?. The resident-to-bed
ratio is defined as the ratio of (interns + residents)/average operating beds; this ratio has
previously been used as a proxy for teaching intensity. The ratio was categorized as <0.05
reflecting no teaching, 0.05 to 0.249 reflecting minor teaching, and 20.25 reflecting major
teaching?> 2, Slight variations in hospital variables may occur over time: to maintain the
ability to estimate the effects of these variables at the hospital level, we linked the IPPS file
available in the middle of the included timeframe.

Missingness in any of the variables was present in 5% of THA and TKA patients, and was
mainly attributable to hospitals not being recorded in the IPPS file. Missingness was
unrelated to outcomes; therefore, we conducted a complete case analysis (Supplemental
File 2, Figures 1-4). This resulted in a final sample of n = 147,721 patients.

Peripheral nerve block utilization, complication incidence and length of stay
(outcomes)

Our primary outcome was the utilization of any form of PNB for the received joint
arthroplasty, which was defined using CPT and ICD codes (Supplemental File 1, Table
1) submitted on the day of surgery, or at maximum 1 day before or 1 day after surgery.
The 3 secondary outcomes of interest were Centers for Medicare and Medicaid Services
(CMS)-defined complication (definition in Supplemental File 3, Table 2), 90-day all-cause
readmissions and length of stay >3 days. Based on empirical evidence, CMS has defined
outcome measures for commonly performed procedures, which are used to determine
hospitals’ performance and to adjust reimbursement rates. The measure captures negative
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outcomes that are likely attributable to the studied procedure, and which represent the
quality of the provided care. In THA and TKA, a CMS-defined complication includes acute
myocardial infarction, pneumonia, or sepsis/septicemia/shock during the admission or
within 7 days from the date of admission; pulmonary embolism, surgical site bleeding
or death during the admission or within 30 days from the date of admission; mechanical
complications, surgical site bleeding or peri-prosthetic joint/wound infection during the
admission or within 90 days from the date of admission?*.

Statistical analysis

THA and TKA patients were analyzed separately. Patient and hospital variables were
compared between recipients and nonrecipients of a PNB. We used 2 test for categorical
variables.

For our first research question, we aimed to explore the relative contribution of each variable
to the use of PNBs whilst accounting for potential confounding effects. Because hospital-level
variables generally strongly affect PNB use, unmeasured factors may play a role. Logistic
regression null models were compared with and without a random intercept for the hospital.
Model fit improved drastically, with intraclass correlation coefficients (ICC) of 0.67 (THA) and
0.47 (TKA). The addition of a random intercept for the patient (3-level model) to account
for contra-lateral procedures had minimal effect and was therefore not included in the
final models. All variables of interest were entered as fixed effects: age, sex, outpatient
setting, diagnosis, prior hospitalizations, Deyo index, obesity, (non)-opiod abuse, smoking,
SDI, race and ethnicity, hospital beds, ownership, region, rurality, and resident-to-bed ratio.
We assessed potential multicollinearity among variables using Spearman rank correlation
indices. With all pairwise correlation indices <0.4, we determined the risk of multicollinearity
to be low, as commonly accepted thresholds range from 0.5 to 0.82> 2?6, The year of the
surgery was adjusted for in the analysis, but was not considered a variable of interest with
regard to our primary research question; it would have provided no opportunity for practice
change. Within a categorical variable, the category with the highest amount of PNBs used
was selected as a reference category. The reference category was generally the same for THA
and TKA; if not, we opted to keep the same category as a reference in both THA and TKA.

To visualize the contribution of each variable to the use of PNBs we calculated PARs.
Conventionally, PARs are calculated as [Pr(O) — Pr(O | E)I/ Pr(O), where Pr(Q) is the probability
of outcome in the study population, Pr(O | E) is the hypothetical probability of outcome if the
variable of interest were eliminated?’. This approach fails to take confounders into account;
therefore, we used abovementioned regression models to estimate confounder-adjusted
PARs, currently the most efficient method available?”. We followed a previously described
approach?®. Study population estimates of the number of PNBs used [Pr(O)] and estimates for
each variable’s category predicting the least amount of PNBs [Pr(O | E)] were obtained using
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the regression models. The PAR for each variable was calculated using the abovementioned
formula (univariable PARs). The interpretation of an univariable PAR is the maximum %
of PNB variation explained by eliminating that variable while controlling for confounding
effects of other variables, assuming all potential confounders have been accounted for.

Sequential PARs were calculated for groups of variables: demographic (age, sex), clinical
(outpatient setting, diagnosis, prior hospitalizations, Deyo index, obesity, (non)-opioid abuse,
smoking), socioeconomic (SDI, race and ethnicity) and hospital (hospital beds, ownership,
region, rurality, resident-to-bed ratio) variables. First, estimates for a group of variables set
to the least amount of PNBs are obtained, and the PAR is calculated. Subsequently, the next
group of variables is also set to the least amount of PNBs and new estimates are obtained,
and the difference in PAR is calculated. This second procedure is repeated until all 4 groups
are eliminated. The sequential PAR at each step represents the added variation explained
by a group of variables after the preceding group(s) of variables have been eliminated. The
order of eliminating groups of variables influences the sequential PARs because variables
are potentially interrelated?®?°. Our primary order of interest was demographic > clinical >
socioeconomic > hospital-level variables, based on the assumption that biological variables
precede hospital variables. Reverse ordering was also assessed to evaluate the degree of
interrelatedness of variables. If PAR estimates are similar for different orderings, groups
of variables act independently on the utilization of PNBs. If PAR estimates differ, variable
groups are at least statistically interrelated; for example, eliminating clinical variables may
explain 10% of the variation in PNB. However, by eliminating demographics before clinical
variables, the additional effect of clinical variables may be reduced to 5%, which would
indicate interrelatedness between these groups of variables. In case of interrelatedness,
univariable PARs exceed the total PAR for all risk factors combined?.

For our second research question, mixed-effects logistic regression models with adjustment
for the same variables measured the association between PNBs and the 3 secondary
outcomes.

Two sensitivity analyses were conducted. Firstly, we checked whether there was a variation
in PNB utilization by county of residence beyond the variation measured with the SDI. We
re-ran the primary models replacing SDI by state-county ID (n = 3200) as random intercept
(3-level model), and entering both simultaneously, and evaluated coefficients and model
fit. Secondly, dual eligibility status (Medicare and Medicaid) was added as a variable of
interest. As this variable has been collected since 2017, all models were re-run from using
data from 2017 onwards.

No post hoc power calculations were performed given the exploratory nature of this
study. Interaction between independent variables was not estimated, and the standard
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errors obtained from the models did not account for potential clustering. We report
odds ratios (ORs) with 95% confidence intervals (95% Cls), while PARs are reported in %.
Model performance was assessed using the c-statistic. ICCs reflect the variance captured
by the random intercept for the hospital in each model. Although a P-value <0.05 was
considered statistically significant, they were interpreted in combination with the strength
of association. We conducted our analyses using R (version 4.2.3).

RESULTS

Descriptive analysis

We included 52,000 THAs and 93,448 TKAs with 7.9% (n = 4086) and 57.2% (n = 53,459)
PNB use, respectively. The use of PNBs increased over the years. Univariable comparison
(Table 1) of variables according to PNB use produced a similar pattern compared to the
multivariable analysis (Table 2) and is therefore not separately discussed; the few exceptions
to this pattern are mentioned.

Table 1: Descriptive statistics of Total Hip and Knee Arthroplasty patients by the utilization of any
type of PNB

Total hip arthroplasty Total knee arthroplasty
Variables No PNB PNB P-value No PNB PNB P-value
N 47,914 4,086 39,989 53,459
Patient characteristics
Age 0.085 <0.001
65-69 10,774 (22.5) 932 (22.8) 10,254 (25.6) 12,871 (24.1)
70-74 14,572 (30.4) 1,243 (30.4) 13,264 (33.2) 17,842 (33.4)
75-79 11,034 (23.0) 998 (24.4) 9,370 (23.4) 13,404 (25.1)
80-84 7,051 (14.7) 564 (13.8) 4,956 (12.4) 6,786 (12.7)
>84 4,483 (9.4) 349 (8.5) 2,145(5.4) 2,556 (4.8)
Female 30,186 (63.0) 2,622 (64.2) 0.141 25,670 (64.2) 34,046 (63.7) 0.112
Inpatient (vs outpatient) 43,726 (91.3) 3,685(90.2) 0.022 35,562 (88.9) 44,193 (82.7) <0.001
Diagnosis non-osteoarthritis 11,904 (24.8) 841 (20.6) <0.001 9,257(23.1) 6,910(12.9) <0.001
Prior hospitalizations 0.027 <0.001
0 39,949 (83.4) 3,434 (84.0) 34,611 (86.6) 46,984 (87.9)
1 5,889 (12.3) 511 (12.5) 4,162 (10.4) 5,200 (9.7)
>2 2076 (4.3) 141 (3.5) 1,216 (3.0) 1,275 (2.4)
Deyo index 0.834 0.835
0 (healthiest) 17,600 (36.7) 1,491 (36.5) 14,449 (36.1) 19,177 (35.9)
1 10,531 (22.0) 905 (22.1) 9,512 (23.8) 12,747 (23.8)
2 7,668 (16.0) 637 (15.6) 6,291 (15.7) 8,408 (15.7)
>3 (least healthy) 12,115(25.3) 1,053 (25.8) 9,737 (24.3) 13,127 (24.6)
Obese 11,132 (23.2) 958(23.4) 0.772 12,138 (30.4) 16,888 (31.6) <0.001
Abuse of nonopioids 2,880 (6.0) 268 (6.6) 0.169 1,485 (3.7) 2,221 (4.2) 0.001
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Table 1: Continued

Total hip arthroplasty

Total knee arthroplasty

Variables No PNB PNB P-value No PNB PNB P-value
Abuse of opioids 460 (1.0) 58 (1.4) 0.006  270(0.7) 387(0.7) 0.399
Smoking 4,910 (10.2)  396(9,7) 0.271 3,892 (9.7) 4,460 (8.3) <0.001
SDI score <0.001 <0.001

Q1 (most affluent) 10,083 (21.0) 789 (19.3) 7,598 (19.0) 10,977 (20.5)

Q2-Q4 28,854 (60.2) 2,360 (57.8) 23,829 (59.6) 32,003 (59.9)

Q5 (least affluent) 8,977 (18.7) 937 (22.9) 8,562 (21.4) 10,479 (19.6)

Race and ethnicity 0.016 0.001
White 45,255 (94.5) 3,832(93.8) 36,592 (91.5) 49,276 (92.2)

Black 1,878 (3.9) 163 (4.0) 2,040 (5.1) 2,461 (4.6)
Asian, Hispanic, North 781 (1.6) 91(2.2) 1,357 (3.4) 1,722 (3.2)
American native, other

Year of surgery <0.001 <0.001
2013 4,566 (9.5) 341 (8.3) 4,673 (11.7) 5,454 (10.2)

2014 4,690 (9.8) 384 (9.4) 4,976 (12.4) 4,994 (9.3)
2015 5,396 (11.3) 361 (8.8) 5,236 (13.1) 5,219 (9.8)
2016 5,748 (12.0)  378(9.3) 5,576 (13.9) 5,941 (11.1)
2017 5,884 (12.3) 464 (11.4) 4,946 (12.4) 6,787 (12.7)
2018 6,029 (12.6) 547 (13.4) 4,565 (11.4) 7,165 (13.4)
2019 6,218 (13.0) 620 (15.2) 4,446 (11.1) 7,424 (13.9)
2020 5,334 (11.1) 519(12.7) 3,202 (8.0) 5,730 (10.7)
2021 4,049 (8.5) 472 (11.6) 2,369 (5.9) 4,745 (8.9)

Hospital characteristics

Hospital beds <0.001 <0.001
0-150 14,627 (30.5) 1,230(30.1) 10,815 (27.0) 15,629 (29.2)
150-499 25,639 (53.5) 2,086 (51.1) 21,867 (54.7) 27,345 (51.2)

2500 7,648 (16.0) 770 (18.8) 7,307 (18.3) 10,485 (19.6)

Hospital ownership <0.001 0.024
Government 4,950 (10.3) 521 (12.8) 4,274 (10.7) 5,568 (10.4)
Physician/proprietary 7,499 (15.7)  976(23.9) 7,349 (18.4) 10,179 (19.0)
Voluntary 35,465 (74.0) 2,589 (63.4) 28,366 (70.9) 37,712(70.5)

Region <0.001 <0.001
Northeast 9,098 (19.0) 539 (13.2) 6,334 (15.8) 8,954 (16.7)

South 17,649 (36.8) 1,505 (36.8) 16,671 (41.7) 20,975 (39.2)
Midwest 11,561 (24.1) 1,230 (30.1) 9,512 (23.8) 13,932 (26.1)
West 9,606 (20.0) 812 (19.9) 7,472 (18.7) 9,598 (18.0)

Rurality <0.001 <0.001
Large urban 23,333 (48.7) 2,294 (56.1) 17,409 (43.5) 25,815 (48.3)

Small urban 20,681 (43.2) 1,457 (35.7) 18,405 (46.0) 22,799 (42.6)
Rural 3,900(8.1)  335(8.2) 4,175 (10.4) 4,845 (9.1)
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Table 1: Continued

Total hip arthroplasty

Total knee arthroplasty

Variables No PNB PNB P-value No PNB PNB P-value
Resident-to-bed ratio 0.249 <0.001
No teaching 30,173 (63.0) 2,525 (61.8) 26,866 (67.2) 36,093 (67.5)
Minor teaching 10,861 (22.7) 941 (23.0) 9,139 (22.9) 11,035 (20.6)
Major teaching 6,880 (14.4) 620 (15.2) 3,984 (10.0) 6,331 (11.8)

Values are presented as n (%). P-values indicates differences between PNB and no PNB patients.
Abbreviations: PNB = peripheral nerve block; SDI = Social Deprivation Index

Table 2: Mixed-effects logistic regression models of patient and hospital variables on the use of

PNBs
Total Hip Arthroplasty Total Knee Arthroplasty
OR (95% ClI) P-value OR (95% Cl) P-value
Intercept 0.21(0.10, 0.43) <0.001 6.92 (4.57, 10.46) <0.001
Age
65-69 0.97 (0.86, 1.10) 0.644 0.84(0.80, 0.88) <0.001
70-74 0.91(0.82,1.02) 0.109 0.90 (0.86, 0.94) <0.001
75-79 ref ref
80-84 0.86 (0.75, 0.98) 0.027 0.97 (0.91, 1.02) 0.246
>84 0.84(0.72,0.99) 0.038 0.81(0.75, 0.88) <0.001
Female 1.02 (0.93,1.11) 0.724 0.95(0.92, 0.99) 0.008
Inpatient (vs outpatient) 1.28(1.07,1.53) 0.007 0.71(0.67, 0.76) <0.001
Diagnosis nonosteoarthritis  0.64 (0.58, 0.72) <0.001 0.35(0.34, 0.37) <0.001
Prior hospitalizations
0 ref ref
1 0.97 (0.86, 1.10) 0.653 0.97 (0.92, 1.03) 0.328
>2 0.72 (0.57, 0.90) 0.004 0.76 (0.68, 0.84) <0.001
Deyo index
0 0.96 (0.86, 1.08) 0.525 0.95 (0.90, 0.99) 0.019
1.00(0.88, 1.12) 0.953 1.01 (0.96, 1.06) 0.705
2 0.93 (0.81, 1.06) 0.249 0.96 (0.91, 1.02) 0.178
>3 ref ref
No obesity 1.01(0.91, 1.11) 0.868 0.98 (0.95, 1.02) 0.344
No abuse of nonopioids 0.96 (0.81, 1.14) 0.654 0.98 (0.89, 1.07) 0.595
No abuse of opioids 0.58 (0.40, 0.84) 0.004 1.04 (0.85, 1.28) 0.671
No smoking 1.07 (0.92, 1.25) 0.380 0.88 (0.83, 0.94) <0.001
SDI score
Q1 (most affluent) ref ref
Q2-Q4 0.94 (0.82,1.07) 0.328 1.00 (0.95, 1.06) 0.942
Q5 (least affluent) 0.98 (0.83, 1.16) 0.842 0.96 (0.89, 1.03) 0.248

Race and ethnicity

White
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Table 2: Continued

Total Hip Arthroplasty Total Knee Arthroplasty
OR (95% CI) P-value OR (95% CI) P-value
Black 0.95 (0.76, 1.17) 0.620 0.91 (0.84, 0.99) 0.029
Asian, Hispanic, North 1.18 (0.87,1.59) 0.285 0.94 (0.85, 1.04) 0.213
American native, other
Year of surgery
2013 0.49 (0.39, 0.60) <0.001 0.83(0.76, 0.91) <0.001
2014 0.53(0.43, 0.65) <0.001 0.62 (0.56, 0.68) <0.001
2015 0.42 (0.34,0.52) <0.001 0.55 (0.50, 0.60) <0.001
2016 0.34(0.28,0.42) <0.001 0.47 (0.43,0.51) <0.001
2017 0.44 (0.36, 0.54) <0.001 0.68 (0.63, 0.75) <0.001
2018 0.52 (0.43, 0.63) <0.001 0.80(0.74, 0.87) <0.001
2019 0.64 (0.53,0.77) <0.001 0.85(0.79, 0.93) <0.001
2020 0.67 (0.56, 0.79) <0.001 0.91 (0.83, 0.99) 0.024
2021 ref ref
Hospital beds
>500 ref ref
150-499 0.82(0.60, 1.13) 0.219 0.85(0.70, 1.02) 0.075
0-150 1.08(0.73, 1.61) 0.696 0.98(0.79, 1.23) 0.876
Hospital ownership
Government 0.71(0.45, 1.13) 0.152 0.94(0.72,1.23) 0.661
Physician/proprietary ref ref
Voluntary 0.51(0.36, 0.71) <0.001 1.03 (0.85, 1.26) 0.732
Region
Northeast 0.40(0.26, 0.62) <0.001 0.74 (0.58, 0.94) 0.012
South 0.87(0.62, 1.23) 0.422 0.74 (0.61, 0.90) 0.003
Midwest ref ref
West 1.09(0.73, 1.60) 0.682 0.71(0.56, 0.89) 0.003
Rurality
Large urban ref ref
Small urban 0.54 (0.40,0.72) <0.001 0.80(0.67, 0.94) 0.007
Rural 0.74 (0.49, 1.12) 0.159 0.50(0.40, 0.63) <0.001
Resident-to-bed ratio
No teaching 0.55 (0.35, 0.86) 0.010 0.96 (0.73, 1.26) 0.780
Minor teaching 0.62 (0.37, 1.04) 0.071 0.84(0.62, 1.15) 0.282
Major teaching ref ref
C-statistic 0.94 0.87
ICC 0.67 0.49

Arandom intercept was included for the hospital. Reference categories are those with the highest number of PNBs
as observed in the univariable analysis. This is not always the same for hip and knee arthroplasty patients; we
opted to choose the same reference category in those instances for comprehensibility. The c-statistic measured the
overall model performance, and the ICC depicted the variance explained by the random intercept for the hospital.
Abbreviations: Cl = confidence interval; ICC = Intraclass Correlation Coefficient; OR = odds ratio; PNB = peripheral
nerve block; SDI = Social Deprivation Index.
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Association of patient and hospital variables with utilization of PNBs

THA

After adjustment, race/ethnicity and SDI did not significantly influence the utilization of PNBs.
Lower odds for PNBs were seen for diagnoses other than osteoarthritis (OR, 0.64 (95% Cl 0.58,
0.72)) and 22 prior hospitalizations (OR, 0.72 (95% CI 0.57, 0.90)). Contrary to the unadjusted
analysis, an inpatient (vs. outpatient) setting showed higher odds for PNB use (OR, 1.28 (95%
Cl11.07, 1.53)). Stronger effect estimates were observed for hospital-level variables: voluntary
(OR, 0.51 (95% C1 0.36, 0.71)) and government-owned hospitals (OR, 0.71 (95% CI 0.45, 0.13))
showed lower odds for receiving PNBs compared to physician/proprietary-owned hospitals.
Patients undergoing surgery in nonteaching hospitals also had lower odds of receiving a PNB
(OR 0.55 (95% Cl 0.35, 0.86)). Regional differences were substantial: patients inhabiting the
West and Midwest had higher odds of receiving PNBs, as had large urban hospitals.

TKA

SDI did not significantly affect PNB utilization, while Black (compared to White) patients
had slightly lower odds (OR 0.91 (95% Cl 0.84, 0.99)). The inpatient setting showed lower
odds for PNB use (OR 0.71 (95% CI 0.67, 0.76)). Similar to THA patients, diagnoses other than
osteoarthritis (OR 0.35 (95% ClI 0.33, 0.37)) and =2 prior hospitalizations (OR 0.76 (95% ClI
0.68, 0.84)) were associated with lower odds of receiving PNBs. Regarding hospital variables,
only region and rurality reached significance, of which associations aligned with THA results.

Population Attributable Risks for utilization of PNB

The highest univariable PAR of patient variables was that of having a diagnosis other than
osteoarthritis (Table 3). In other words, if all THAs and TKAs were theoretically done for
only nonosteoarthritis indications, this would result in 19% and 24% lower PNB utilization,
respectively. In THA, the outpatient setting (13%) and >2 prior hospitalizations (18%) also
played a large role. In THA, and to a lesser extent in TKA patients, hospital variables had
high univariable PARs. In THA the largest PAR was observed for the region (38%), rurality
(20%), and hospital ownership (10%). In TKA, these were rurality (14%), region (3%), and
teaching status (3%).

Table 3: Population Attributable Risks for the utilization of PNBs

Total hip arthroplasty Total knee arthroplasty

Variable Worst Predicted Percentage Worst Predicted Percentage
category PNBs category PNBs

Predicted blocks 3,903 53,465

(unadjusted variables)?

Univariable PAR

Demographics

Age >84 3,671 6 >84 51,849 3

Sex Male 3,880 1 53,219 0
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Table 3: Continued

Total hip arthroplasty Total knee arthroplasty
Variable Worst Predicted Percentage Worst Predicted Percentage
category PNBs category PNBs
Clinical
Inpatient (vs outpatient) Outpatient 3,395 13 Inpatient 52,788 1
Diagnosis Nonosteo- 3,151 19 Non-osteo- 40,732 24
arthritis arthritis
Prior hospitalizations >2 3,194 18 >2 49,598 7
Deyo index 2 3,783 3 0 53,006 1
Obesity 3,908 0 53,383 0
Abuse of non-opioids 3,897 0 53,452 0
Abuse of opioids 3,888 0 53,469 0
Smoking Yes 3,758 4 53,298 0
Socioeconomic
SDI score Q2-Q4 3,847 1 Q5 (worst) 52,968 1
(medium)
Race and ethnicity Black 3,771 3 Black 52,266 2
Hospital variables
Hospital beds 150-500 3,647 7 150-500 52,394 2
Hospital ownership Voluntary 3,498 10 Government 52,343 2
Region Northeast 2,422 38 West 51,821 3
Rurality Small urban 3,131 20 Rural 45,779 14
Resident-to-bed ratio No teaching 3,627 7 Minor teaching 51,923 3
Sequential PARs
Demographics 3,649 7 51,600 3
Clinical 1,842 46 33,306 34
SES 1,736 3 31,578 3
Hospital variables 520 31 19,615 22
Total 87 62
Sequential PARs; reverse order
Hospital variables 1,386 64 40,170 25
SES 1,304 2 38,410 3
Clinical 571 19 21,175 32
Demographics 520 1 19,615 3
Total 86 63

Predicted blocks and respective PARs reflect the number of PNBs utilized if a variable is set to the worst category.
In other words, the PAR reflects how much PNBs are attributable to that variable, when all other variables are
kept constant. We used a mixed-effects logistic regression model to calculate the PARs with a random intercept
for the hospital.

2The predicted number of PNBs in the Total Hip Arthroplasty cohort does not entirely match the observed number
of PNBs (4,086), while it is close for the total knee arthroplasty cohort (53,459). This is presumably due to the
relative lower incidence of PNBs applied in the THA cohort, resulting in a slightly poorer predictive capability of
the model.

Abbreviations: PAR = population attributable risk; PNB = peripheral nerve block; SDI = Social Deprivation Index;
SES = socioeconomic status; THA = total hip arthroplasty.
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The sequential PARs visualization provided the cumulative proportion of PNBs which could
be explained by the regression model®. All variables combined explained a considerably
higher percentage of PNBs in THA (87%) compared to in TKA patients (63%). Starting with
demographics and ending with hospital variables, in THA, the largest contributing factors
were clinical (46%), followed by hospital (31%), demographic (7%), and socioeconomic
variables (3%). In TKA, the largest contributors were also clinical (34%), followed by hospital
(22%), demographic (3%) and socioeconomic variables (3%). If the order of the groups of
variables was reversed (starting with the hospital), hospital variables explained a larger
proportion in THA, but not in TKA (THA: 64%, TKA: 25%). The effect of clinical variables
reduced in THA (19%) which illustrates the statistical interrelatedness of hospital and clinical
variables.

Association of PNBs with secondary outcomes

In THA, use of PNB did not significantly relate to CMS-defined complications (OR, 0.92 (95%
Cl1 0.78, 1.10)), 90-day all-cause readmission (OR, 0.98 (95% Cl 0.87, 1.10)) nor a length of
stay >3 days (OR, 0.99 (95% Cl 0.89, 1.11)) (Table 4). In TKA, use of PNBs was significantly
associated with a reduction in CMS-defined complications (OR, 0.82 (95% Cl 0.75, 0.90))
and length of stay >3 days (OR, 0.90 (95% Cl 0.86, 0.95)), however, no benefit was found on
90-day all-cause readmissions (OR, 0.98 (95% Cl 0.93, 1.03)). The full models with adjustment
factors can be found in Supplemental File 4, Tables 3-8.

Model performance

The mixed-effects regression models on PNB utilization produced high c-statistics (THA:
0.94, TKA: 0.86) and ICCs (THA: 0.67, TKA: 0.49; Table 2). The models for the secondary
outcomes had lower c-statistics, varying from 0.66 to 0.82 in both THA and TKA (Table 4).
ICCs were also lower, ranging from 0.02 to 0.16.

Sensitivity analysis

The addition of state-county ID as a random effect had no improvement on model fit, and
estimates of SDI did not change (Supplemental File 4, Tables 9-10). In other words, we did
not find evidence of variation in PNB use by county of residence beyond the SDI measure
used. The inclusion of dual eligibility had no effect on PNB utilization (Supplemental File 4,
Table 11), nor did multivariable estimates of outcomes change substantially (Supplemental
File 4, Tables 3-8).
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DISCUSSION

Main findings

To the best of our knowledge, this is the first study to determine patterns of use and
effectiveness of PNBs in THA and TKA patients using Medicare data. Contrary to our
expectations, socioeconomic background (PAR: THA: 2%—3%, TKA: 3%) played a minor
role in the observed variation in PNB utilization. Most variation was explained by clinical
(THA: 19%—-46%, TKA: 32%—34%) and hospital variables (THA: 31%—64%, TKA: 22%—-25%).
The PAR for clinical variables was driven by the decreased use of PNBs in patients with a
nonosteoarthritis diagnosis, and in THA also by decreased use in the outpatient setting and
patients with prior hospitalizations. In all, statistical relations in TKA echo those in THA, but
the relative role of hospital-related effects is larger in THA. These findings illustrate that
the strongest driving force behind disparities in the utilization of PNBs is based on practice
differences (provider based) in semi- and nonelective arthroplasty patients.

Our study adds to the extensive evidence base® ? that the use of PNB is associated with
improved clinical outcome: in TKA patients, we found fewer complications and length of
stay; differences in THA patients did not reach statistical significance.

Comparison with other literature

Previous studies examined the impact of patient and hospital variables on the utilization of
PNBs through standard regression techniques, which provide insufficient insight into the
strength of the association. The PAR method used in this paper had additional value in this
regard. Overall, our study found no clear evidence of disparities according to socioeconomic
(SDI, race and ethnicity, and dual eligibility) variables. This finding diverges from a study
by Keneally et al®, which used ZIP-code-linked median income as SES indicator and found
a higher income to significantly relate to increased utilization of PNBs in TKA. A reason
for this discrepancy may be because our study applied a different comprehensive type
of neighborhood SES indicator and at a different level of linkage. However, as we did not
observe variation in PNB utilization according to the county of residence, it is unlikely
variation by neighborhood indicators will be found in the current dataset. In TKA a weak
association suggested Black patients (compared to White) received fewer PNBs. We do not
believe this is strong evidence of an association, as the PAR analysis did not show substantial
variation by race/ethnicity and this may also be the result of a type | error. In comparison,
a recent study by Zhong et al® used a private insurance database and found nonwhite
compared to White TKA patients receiving PNBs less often. The contrasting findings highlight
that the effect of socioeconomic variables also may differ by the studied population and
type of health coverage, that is, private versus public.
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PNB utilization was less in patients receiving THA and TKA for nonosteoarthritis indications.
Fracture patients typically present in a nonelective setting which could limit the timely
administration of PNBs. However, nonosteoarthritis indications for THA/TKA will also
include a variety of (semi-)elective diagnoses such as posttraumatic osteoarthritis,
osteonecrosis, and rheumatoid arthritis3> 3. Especially in TKA in which the number of
fracture patients is relatively small, there is a large group of (semi-)elective patients in whom
the abovementioned explanation may not suffice. Additionally, in THA patients with prior
hospitalizations PNBs were used less often, which highlights another potential explanation
for differential use: comorbid and/or semielective patients may fall outside of protocolized
care pathways with as a consequence less use of PNBs.

Regional practice variations explained a large part of the variation in PNB use. In both THA
and TKA patients the Midwest region and urban hospitals are associated with increased
utilization of PNBs. Strengthening the assertion that PNB utilization is largely determined
by practice variations was that the addition of a random intercept for the hospital (which
covers unspecified hospital effects) drastically improved model fit. Practice variations may
indirectly lead to variations in use by socioeconomic or clinical variables, or vice versa.
For example, different PNB utilization profiles may drive socioeconomic disparities in the
background, because certain regions are inhabited by relatively less affluent and/or more
Black patients, such as the South3*3>, This effect is probably limited, as we did not observe
the interrelatedness of socioeconomic and hospital-related variables in the PAR analysis.
Clinical and hospital-related variables, however, were statistically interrelated in THA
patients, as the role of clinical variables reduced markedly after first accounting for hospital
variables. In other words, particular patients (ie, comorbid/nonosteoarthritis) treated in
hospitals/regions as reflected by the hospital-related variables received PNBs less often. We
currently cannot determine the directionality of this effect. We think that survey data with
targeted questions on barriers for use of PNBs per hospital/specialist group could provide
valuable insights®. This may also reveal if the overall socioeconomic or clinical profile of
patients presenting at hospitals in certain regions affects PNB utilization at the policy level.

We expect the practitioners’ choice (surgeon or anesthesiologist) plays a key role in
explaining these regional variations, which in turn largely depends on the training received
and the experienced comfort with PNB utilization®. For example, one study found that
PNBs were applied more often in TKA patients when a board-certified anesthesiologist was
present®. In a study on the utilization of regional anesthesia for acute pain management
among military anesthesiology residents and specialists, a potential barrier to apply PNBs
was the lack of opportunities to practice during traing®. The practice environment may
differ largely by regions, and specific hospitals (urban, teaching) may have increased
opportunities to practice PNB utilization for residents.
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Diverging patterns between THA and TKA patients were observed with regard to hospital
ownership: THA patients undergoing surgery in physician/proprietary (for-profit) hospitals
had higher odds of receiving a PNB compared to voluntary or government (nonprofit)
hospitals, while this was not the case in TKA patients. For-profit hospitals have different
incentives and resources available compared to nonprofit hospitals. which may result
in increased (earlier) adaptation of novel treatments with a slimmer evidence base3.
Supporting this notion is the fact that overall uptake of PNBs is far less in THA compared to
TKA (8% vs. 57%, respectively).

Strengths and limitations

This study has some limitations. Due to the observational nature of this study, we can
only assess associations and not causal relations. Moreover, it is possible that potential
confounders in the studied association were missed; in this scenario, currently observed
associations may be overestimated. At the hospital level, separating ambulatory surgical
centers owned by or affiliated with teaching hospitals might have resulted in more detailed
insights into the effect of the resident-to-bed ratio. Secondly, our findings are only
generalizable to the Medicare population; different patterns may exist for commercially
insured patients, a growing group of arthroplasty recipients* 2. Thirdly, the area-based social
deprivation indicator may not entirely reflect deprivation at the individual level. Finally, PAR
estimates represent the maximum attainable reduction in variation of PNB utilization; it is
unlikely a change in clinical practice will eliminate all variation.

CONCLUSIONS

In THA and TKA patients on Medicare, large variations exist in the utilization of PNBs by
clinical (eg, indication for arthroplasty) and hospital variables, while demographic and
socioeconomic variables played a limited role. These findings emphasize the substantial
individual and hospital practice variation in PNB utilization. In light of the potential benefit
of PNBs observed in our study and various other studies, we believe stakeholders should
strive for more standardized provision of PNBs.
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ABSTRACT

Background and purpose

During the first COVID-19 lockdown elective surgery was greatly reduced. Prioritization of
patients with greater need and expected benefit in terms of quality of life was advised. The
lockdown also potentially affected follow-up outcomes. Therefore, our study compared
patient-reported outcome measures (PROMs) retrieved during the lockdown of Dutch
primary total hip and knee arthroplasty (THA, TKA) patients with previous years.

Patients and methods

We performed cross-sectional analyses using national data from the Dutch Orthopaedic
Registry (LROI). All primary elective THA and TKA patients with preoperative or postoperative
PROM s (EQ-5D-3L index, OHS/OKS) during the first COVID-19 lockdown between March and
July 15, 2020 were included. Patients with PROMs during the same months in 2018 plus
2019 were used as control. Finally, 33,453 THA and 27,335 TKA patients were included.
Patient characteristics were compared during versus before the lockdown. Subsequently,
the lockdown effect on PROMs scores was analyzed with multivariable linear regression.

Results

During the COVID-19 lockdown, THA and TKA patients had a lower age and BMI
preoperatively, and more often had surgery in private clinics. Both preoperative PROMs in
THA patients, but not in TKA patients, were worse (EQ-5D: Adjusted mean difference (AMD)
-0.021, p < 0.001) during the lockdown compared with prior years. Both postoperative
PROMs in THA and TKA patients were better during the lockdown (12-month EQ-5D in THA:
AMD 0.010, p = 0.003; and in TKA: AMD 0.013, p < 0.001).

Interpretation

During the COVID-19 lockdown, THA patients had slightly worse preoperative PROMs,
suggesting selection of patients with greater urgency. Postoperative PROMs in both THA
and TKA patients differed minimally. Overall, the observed differences were likely not
clinically relevant.
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INTRODUCTION

In response to the SARS-CoV-2 (COVID-19) pandemic, extreme measures have been taken to
contain the virus, most notable being national lockdowns and quarantine policies. Several
studies noted an increase in psychological distress symptoms of e.g., feelings of anxiety,
and a decrease in quality of life in the general population following the pandemic and the
measures taken?*. This effect increased with lower age, female sex, poor health status
and low socioeconomic status (SES) > ®. In most countries there were regional variations
in infection rates, which were also observed in the Netherlands’. People inhabiting places
with higher infection rates might also experience increased effects on mental and physical
health®.

In the Netherlands the first lockdown was instigated on March 16, 2020, which was relaxed
on June 1, 2020. During the lockdown, large events were prohibited, and people were
advised to stay at and work from home if possible. Also, non-essential shops and places
including outpatient healthcare facilities such as physical therapists’ premises were closed.
Large shifts in healthcare resources were needed and most elective orthopedic care was
reduced to a minimum?®. The Dutch Orthopaedic Society issued a statement on May 1, 2020,
to restrict elective arthroplasty to patients who have the largest need and expected benefit
in terms of quality of life!®. Also, to minimize COVID-19 infection risks, healthier patients
eligible for day treatment were preferred®.

The lockdown in combination with the pandemic also likely resulted in a lower grade of
physical activity and postoperative rehabilitation, negatively influencing the postoperative
patient-reported outcome measures (PROMs) of these patients' 3. Reporting this impact
has important implications regarding the assessment of effectiveness of interventions
during a pandemic and the resulting lockdown.

This study compared PROM s retrieved during the COVID-19 lockdown of primary THA and
TKA patients registered in the Dutch Orthopaedic Registry (Dutch abbreviation: LROI) with
previous years. We had the following hypotheses. First, preoperative PROMs are lower due
to a selection effect based on urgency assessment. Second, early postoperative PROMs in
particular are lower due to the impaired rehabilitative process. Third, at all follow-up points
the lockdown negatively affect PROMs, e.g., through feelings of anxiety. Specific subgroups
that were possibly more affected by the COVID-19 lockdown were also analyzed.
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PATIENTS AND METHODS

Dutch Orthopaedic Registry (LROI)

We used data from the LROI, which prospectively collects data on orthopedic interventions
in the Netherlands. The LROI contains demographic and surgical information, and for
arthroplasties additionally prosthesis characteristics. Data completeness is over 95% for
primary THA and TKA patients®. Since 2014 the Dutch Orthopaedic Society has strongly
recommended the collection of internationally validated general health and disease-specific
PROMs in elective arthroplasty. PROMs are retrieved before surgery (at max. 182 days
before surgery), at 3-month follow-up (63—-110 days) in THA and at 6-month follow-up (154—
210 days) in TKA, and at 12-month follow-up (323—-407 days) in both. Preoperative PROMs
are mostly completed at the outpatient clinic, whilst postoperative PROMs are completed
either electronically after invitation via email, or with pen and paper. In 2018 and 2019,
63-66% of THA patients for osteoarthritis completed preoperative PROMs, whilst 34-42%
completed both preoperative and postoperative PROMs. In TKA these rates were 55-61%
and 30—40% respectively. During COVID-19 in 2020 response rates were in the same ranges®.

Study design

We performed a retrospective cross-sectional study, and adhered to the STROBE guidelines.
Primary THA and TKA patients for any elective indication were selected. Patients who filled
out either pre- or postoperative PROMs between March 23 and July 15, 2020 were included.
This window allowed for any potential impact of the lockdown to reach its full extent. THA
and TKA patients were analyzed separately. This resulted in 6 COVID-19 lockdown groups
(THA: preoperative, 3-, and 12-month follow-up; TKA: preoperative, 6-, and 12-month
follow-up). Using the same inclusion window patients from 2018 plus 2019 were selected
as control groups. COVID-19 groups were compared with the respective control groups,
resulting in 6 cross-sectional comparisons.

Data

The following patient characteristics were obtained: age, sex, BMI, Charnley score, ASA
score, previous surgery on the joint, indication for joint replacement (osteoarthritis or
non-osteoarthritis such as post-traumatic), and type of hospital (general, academic, or
private). Additionally, data on COVID-19 infection rate and SES was linked to registry data
using patients’ 4-digit postal codes. The Dutch Institute for Health and Milieu published
COVID-19 infection rates in the Netherlands bi-weekly®. The Netherlands is divided into
12 “provinces”. Each province was given an infection rate score of 1 through 5 calculated
at 2-week intervals (1: <24, 2: 25-49, 3:50-74, 4: 75-99, 5: 2100 infections per 100,000
inhabitants). This score was assigned to records based on the date the PROMs were filled
in. Data on SES was obtained from the Dutch Institute of Social Research®®. For each 4-digit
postal code area with more than 100 inhabitants, a numeric SES-score was created. The
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SES-score is calculated with multiple variables from a postal code area: mean income per
household, % households with a low income, % unemployed inhabitants and % households
with an average low education. This method to approximate the individual SES score is
considered a validated technique?’. The SES-score was categorized into 5 groups based on
the quantiles. These groups were referred to as quintiles.

Patient-reported outcome measures

The EuroQol 5-Dimensions (EQ-5D-3L) questionnaire, visual analogue scale (EQ-VAS), and
2 disease-specific questionnaires were obtained!®. For THA the latter were the Oxford Hip
Score (OHS) and the short version of the Hip disability and Osteoarthritis Outcome Score
(HOOS-PS), and for TKA these were the Oxford Knee Score (OKS) and the short version of
the Knee disability and Osteoarthritis Outcome Score (KOOS-PS)*°2t, We selected the EQ-
5D-3L and the Oxford set as our main outcome measures. For the EQ-5D-3L an overall index
score was calculated using the Dutch National Value set?2.

Statistics

Patient characteristics of the COVID-19 groups were compared with the respective control
groups using the chi-square and Student’s t-test. The representativeness of responders
was assessed by also comparing patient characteristics of each COVID-19 group with non-
responders operated during the same period based on the inclusion window. The pattern
of representativeness was compared with previous years (2018 plus 2019). Duplicate cases,
i.e., patients who had their contralateral joint replaced as well, made up a small number of
patients (THA: 5%, TKA: 6%) in the entire cohort. Given the present study design, they were
not expected to affect results, therefore they were not removed.

Subsequently, PROMs retrieved during the COVID-19 lockdown were compared with control
groups using multivariable linear regression analysis. Potential confounders were included
based on the theoretical association with the exposure (COVID-19 lockdown) and the known
association with outcomes (PROMs) 2%, The analyses were adjusted for sex, BMI, ASA score,
Charnley score, previous surgery on the joint, indication for joint replacement, type of
hospital, and SES?*?’. If a PROM was statistically significantly associated with the COVID-19
group, interaction terms between this group and specific high-risk subgroups were used
to explore whether the COVID-19 lockdown had a different effect in these subgroups. The
subgroups that we explored were BMI > 30, ASA > 3, age > 70, non-osteoarthritis indication
for joint replacement, female sex, and SES quintile < 2. Similarly, we investigated the effect of
inhabiting a region with > 50 COVID-19 infections per 100,000 inhabitants. Each interaction
term was added individually to the regression analysis, which was then assessed for fit and
significance. If interaction terms were not relevant, i.e., resulted in a lower R? (worsened
model fit) and/or did not reach statistical significance, they were removed from the analyses.
Robust 95% confidence intervals (Cls) were calculated to account for heteroscedasticity of
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the PROMs outcomes. The differences are presented as adjusted mean differences (AMDs)
with robust Cls and p-values. Clinical relevance was determined by comparing AMDs of the
main analyses with currently accepted minimal clinically important differences (MCIDs).
These have been reported to be 0.03 for the EQ-5D-3L index in musculoskeletal patients, 5.2
for the OKS, and 4.8 for the OKS in arthroplasty patients® 2°, Potential clinical relevance was
confirmed if the Cls’ bounds exceeded the defined MCIDs. A p-value < 0.05 was considered
significant. All analyses were performed using SPSS (version 25; IBM Corp, Armonk, NY, USA).

Ethics, funding, and potential conflicts of interest

This study was based on registry data with an extensive protocol for legally conforming data
access, therefore no ethical approval additional to LROI permission was required. One of
the authors (JB) has received funding from EuroQol for a PhD project including this study.
The views expressed by the authors in this manuscript do not necessarily reflect the views
of the EuroQol group.

RESULTS

Included patients

There were 33,453 elective THA and 27,335 elective TKA patients eligible for inclusion (Figure
1). The number of patients at 6-month follow-up (TKA) and 12-month follow-up during the
COVID-19 lockdown was similar to prior years. There were 35-50% fewer preoperative and
3-month follow-up (THA) patients.

Primary THA and TKA with PROMs
March 23 to July 15 in 2018-2020
THA: n = 33,453
TKA: n=27,335

|
N R
|Patients with 3-month
(THA) or 6-month

Patients with 12-
month PROMs

Patients with
preoperative PROMs

(TKA) PROMs
THA: n = 15,007 THA:n=12,011
e THA: n = 12,469 =1z
TKA:n = 10,542 TKA: n = 11.134 TKA:n=9,214
Control CoVID-19 Control COoVID-19 Control COoVID-19

(2018 and 2019) (2020) (2018 and 2019) (2020) (2018 and 2019) (2020)
THA:n =11,522 THA: n = 3,485 THA: n =9,387 THA: n = 3,082 THA:n=7,752 THA: n = 4,259
TKA: n = 8,398 TKA:n=2,144 TKA: n=7,389 TKA: n = 3,745 TKA: n =6,120 TKA: n = 3,094

Figure 1: Flowchart of included primary THA and TKA patients with completed PROMs during
defined inclusion windows. In a small number of patients with PROMSs at multiple measurement
points the postoperative follow-up PROM falls in an inclusion window in the subsequent year.
Hence, the number of patients in the defined groups exceed the total number of patients.
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Patient characteristics and representativeness

Characteristics of patients during the lockdown were compared with the control groups
for THA and TKA separately (Supplemental File, Tables 1-2). Most notable differences
occurred before surgery: during the lockdown both THA and TKA patients had a lower age
and BMI, and more often had surgery in private clinics. THA patients slightly more often
had a non-osteoarthritis indication, and TKA patients slightly more often were male and
had a Charnley score of A/B1/B2 during the lockdown. At 6- and 12-month follow-up in TKA,
and at 12-month follow-up in THA, patients more often had an ASA score of llI-IV. Other
characteristics of patients with postoperative PROMs were comparable during the lockdown.

Characteristics of responders were also compared with non-responders for THA and TKA
separately at each follow-up point (Supplemental File, Tables 3—6). The comparison of
patterns confirmed that elective care was reduced during the lockdown and also confirmed
the above-mentioned differences in patient characteristics. Responders at all follow-up
points were slightly younger, more often were male, more often had joint replacement for
the indication osteoarthritis, and had better orthopedic (i.e., Charnley score) and general
vitality (i.e., ASA score) scores. During the lockdown similar patterns emerged, except for type
of hospital. In control years, preoperative responders had surgery in general hospitals more
often, whilst during the lockdown they were more likely to have had surgery in private clinics.

PROMs

The estimated mean EQ-5D index for each comparison between PROMs retrieved during the
COVID-19 lockdown and control groups is presented in Figure 2. In THA patients, the adjusted
EQ-5D index and OHS were slightly worse during the COVID-19 lockdown (Supplemental File,
Table 7). In TKA patients, both PROMs were unchanged during the lockdown. For adjusted
mean differences in EQ-VAS and HOOS-PS/KOQS-PS see Table 8 in Supplementary File.

In THA patients, at 3-month and 12-month follow-up the EQ-5D index and OHS were slightly
better during the lockdown. In TKA patients, the EQ-5D index and OKS did not differ at
6-month follow-up, whilst at 12-month follow-up they were slightly better. All identified
differences and Cl bounds did not exceed predefined MCIDs.

Subgroup analyses

Several interaction terms reached significance; however, they were not consistent across
PROMs or follow-up points. Only in THA patients at 12-month follow-up did the term for
inhabiting a region with > 50 infections per 100,000 inhabitants reach statistical significance
in both PROMs. Higher EQ-5D index and OHS scores (EQ-5D AMD 0.014, Cl 0.007 to 0.022;
OHS AMD 0.93, C1 0.60 to 1.27) were counteracted (EQ-5D interaction term —0.012, CI -0.022
to —0.001; OHS interaction term —0.58, Cl —1.03 to —0.13).
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3-month (THA) or 6 months

Preoperative (TKA) folllow-up 12-month follow-up
10
09
0.8
0.7
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-0.1
-02
-03

THA TKA THA TKA THA TKA

7 covip-19 2020) [ Control (2018, 2019)

Figure 2: Estimated mean EQ-5D index scores for COVID-19 and control groups, for primary THA
and primary TKA separately. A higher EQ-5D index score represents better health status. The error
bars represent the 95% confidence intervals of the predicted mean; the upper and lower limit are
very close to each other due to the large number of patients for each bar.

DISCUSSION

Our study demonstrated only small differences in preoperative and postoperative PROMs
retrieved during the COVID-19 lockdown compared with previous years in Dutch THA and
TKA patients. In THA patients most preoperative PROMs were slightly worse during the
lockdown, which was not the case in TKA patients. This suggests a selection effect based
on urgency assessment reflected in preoperative PROMs in THA. In both THA and TKA
patients, most postoperative PROMs were slightly better during the lockdown. Contrary to
our hypotheses, this suggests that the rehabilitation process remained mostly unaffected,
and that an overall negative lockdown effect was not observed. Identified differences and
Cl bounds of all PROMs used in this study did not exceed predefined MCIDs, and are likely
not clinically relevant.

This study had several strengths. 2 additional area-based variables were linked to the LROI
data set, namely SES and COVID-19 infection rate. Also, multiple PROMs were used at 3
measurement moments, and an extensive set of potential confounders was included. Finally,
given the study design (national registry study) the results can be considered generalizable
for Dutch orthopedics.
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This study had the following limitations. First, in this cross-sectional study we did not
explore the effect of the lockdown on the longitudinal change scores (i.e., difference
between pre- and postoperative PROMs). These analyses would provide information on
a different hypothesis, i.e., whether a lockdown effect before surgery could persist into
recovery. Furthermore, due to privacy laws the area-based variables were not allowed to
contain patient-identifiable information. Therefore, we could not study whether regional
differences in PROMs response percentage and representativeness occurred. Additionally,
the response rate of PROMs is relatively low in the LROI. However, response rates remained
unchanged during the lockdown. Lastly, although the lockdown in the Netherlands shared
many similarities with other countries during the first COVID-19 wave, certain differences
may still influence the generalizability of results to other countries.

Our study confirms the reduction in elective joint replacements during lockdown, and that
a shift of orthopedic care from general hospitals to private clinics occurred during the
first COVID-19 lockdown. Furthermore, younger patients with a lower BMI were selected
for arthroplasty during the lockdown. Early on in the pandemic focus had shifted towards
how to prioritize treatment with reduced capacity for elective surgery3’-32. As the formal
announcement of the Dutch Orthopaedic Society was made public halfway through the
first lockdown, it could reflect a shift in the collective clinical opinion of Dutch orthopedic
surgeons. They may have been aware of risk factors for worse COVID-19 infections such as
high age and BMI, and (sub-)consciously selected candidates with a lower risk. A limitation
of registry data is that we are unable to discern to what extent self-selection played a role,
e.g., patients delaying the procedure themselves because of fear of becoming infected in
the hospital.

Besides selection based on characteristics, we additionally found evidence of selection
based on urgency. Even after adjustment, THA patients had worse preoperative EQ-5D
index and disease-specific PROMs during the COVID-19 lockdown compared with previous
years. In TKA patients similar PROMs scores during COVID-19 were observed compared with
control years; we do not have a definite explanation for this contrast with THA patients.

We noted no difference or, rather, a slight improvement in most PROMs scores in both
THA and TKA patients compared with previous years, an unexpected finding. This was
already apparent in the short term (3- and 6-month for THA and TKA respectively), which
indicates that rehabilitation success was unaffected. All arthroplasty patients in the
Netherlands receive an unsupervised exercise schedule after surgery, and generally receive
postoperative outpatient exercise therapy subsequently. It is possible that unsupervised
therapy was sufficient, a notion supported by contemporary systematic reviews'> 3,
However, this finding should be interpreted with caution. Although during the lockdown
physical therapists had to close their physical practice, in approximately 25% of patients they
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continued via telemedicine, which is not recorded in the LROI®*. Moreover, many patients
included in the short term cross-sectional comparison will have had surgery sometime
before the lockdown, and thus might have already initiated physical therapy.

A global scientific body reported severe psychological stress during the COVID-19 pandemic.
This is also reflected in studies using the EQ-5D, where lower scores are found in different
populations from different nationalities including Dutch, mainly driven by poorer scores for
pain/discomfort and anxiety/depression®*“. The slightly higher postoperative PROMs indicate
there was no direct negative effect of the lockdown in this Dutch orthopedic population. In
THA patients, inhabiting a region with a COVID-19 high infection rate appeared to negate
the improvement in EQ-5D and OHS during the lockdown. However, this effect was minimal
and resulted in approximately equal scores compared with prior to the lockdown, which
we do not believe provides sufficient evidence of an effect of this interaction term. These
findings are in line with a recent study on the impact of COVID-19 on PROMs in hand—wrist
patients, which had a similar cross-sectional study design*. Combined, these results attest
to the fact that the general and the orthopedic population do not necessarily experience
the same impact of the COVID-19 lockdown.

A potential explanation for the discrepancy in EQ-5D index between the Dutch arthroplasty
patient group and the general population is “response-scale heterogeneity,” which refers to
the difference in the way individuals interpret a response scale, i.e., a PROM. For instance,
if a difference in health occurs between two groups, this may reflect a true difference
in health or that the groups perceive the response scale differently due to psychological
mechanisms®*. In this population, this may have been caused by feeling privileged during
the lockdown: patients considered themselves lucky to have already had their hip or knee
replacement before the pandemic hit.

In conclusion, we demonstrated that PROMs scores in Dutch primary THA and TKA patients
during the COVID-19 lockdown were hardly affected. Orthopedic surgeons were forced to
delay elective surgery due to COVID-19 and also to identify the best candidates for surgery.
The observed lower preoperative PROMs scores of THA patients during the COVID-19
lockdown could indicate a (sub-)conscious selection effect based on urgency. Postoperative
PROMs in both THA and TKA patients differed minimally. Overall, differences found were
likely not clinically relevant.
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Chapter 7

ABSTRACT

Background

Multiple diseases, such as Adolescent Idiopathic Scoliosis (AlS), present at adolescent age
and the impact on quality of life (QoL) prolongs into adulthood. For the EQ-5D, a commonly
used instrument to measure Qol, the current guideline is ambiguous whether the youth
or adult version is to be preferred at adolescent age. To assess which is most suitable, this
study tested for equivalence along predefined criteria of the youth (EQ-5D-5L) and adult
(EQ-5D-Y-5L) version in an adolescent population receiving bracing therapy for AlS.

Methodology

107 adolescents were recruited from 4 scoliosis centers in the Netherlands between
March 2022 and January 2023; they completed both EQ-5D’s and the SRS-22r (scoliosis-
specific questionnaire). The following criteria were evaluated using the individual and sum
of domains (level-sum-score (LSS)). Our primary criterion for non-equivalence of the EQ-
5D’s was less than excellent (£0.9) intra-individual agreement using Intraclass Correlation
Coefficient (ICC) analysis for LSS and weighted (quadratic) kappa for domains. Secondary
criteria were differences in ceiling using McNemar test; a different number of quantified
hypotheses for construct validity achieved using the SRS-22r as comparator; differences in
test-retest reliability by comparing ICC/kappa values using a Z-test.

Results

Adolescents had a mean age of 14 years (range 12-18), and 78% were female. Ceiling
was mostly comparable between EQ-5D’s, ranging from 78-81% for mobility and self-
care, 52-54% for usual activities, and 31-36% for pain/discomfort. The EQ-5D-5L showed
more ceiling (57%) compared to the EQ-5D-Y-5L (41%) on anxiety/depression (p=0.006).
Agreement between the EQ-5D’s did not meet our criterion for the LSS (ICC 0.79 (95%
confidence interval 0.70, 0.85)), and decreased further at the domain-level. Both EQ-5D’s
achieved 5/7 validity hypotheses. Test-retest reliability was slightly better for EQ-5D-5L LSS
(1CC0.76 (0.64, 0.84)) compared to EQ-5D-Y-5L LSS (ICC 0.69 (0.55, 0.79)), although this was
statistically insignificant (p=0.284). This pattern was similar for most domains.

Conclusions

The EQ-5D versions showed insufficient agreement, and cannot be considered fully
equivalent. While they were similar in terms of validity and test-retest reliability, differences
in score distribution were present. Taken together, we advise using the EQ-5D-5L to monitor
the QoL in adolescent patients with AlS, as it avoids switching instruments and thus data
discontinuities. Future studies should verify these findings in different patient groups and
the general population.
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BACKGROUND

Health-Related Quality of Life (HRQol) in children and adults, preferably self-reported,
is recognized as an essential outcome parameter in medical practice and research. The
EQ-5D is a widely used instrument to measure HRQoL in adults?, and 2 versions are
available in terms of the number of response levels: the 3-level (EQ-5D-3L) and 5-level
(EQ-5D-5L) version. A decade ago, a youth version was developed aimed at children from
8-11 years of age* 3. The intended concept and general structure were the same as the
adult version, while the wording and content were tailored towards children. Currently, the
youth version of the EQ-5D is also available as 3-level (EQ-5D-Y-3L) and 5-level (EQ-5D-Y-5L)
version. Contemporary evidence has shown that the adult EQ-5D-5L (adult) has superior
discriminatory power with less ceiling and a similar psychometric pattern as the EQ-5D-Y-5L
(youth)*”. Therefore, our study uses the 5-level versions.

Our research focused on the age-specificity of both versions. Specifically, our study tests
the equivalence of the EQ-5D-5L and EQ-5D-Y-5L with data from Adolescent Idiopathic
Scoliosis (AIS) patients who receive bracing treatment. Current guidelines from the EuroQol
Research Foundation suggest the EQ-5D-Y self-report to be used in the younger age range
(8-11 years) for its better comprehensibility®. In adolescents (12-18 years) neither version
is preferred. Indirect evidence suggests that the EQ-5D-5L and EQ-5D-Y-5L perform equally
well regarding validity, reliability, and responsiveness in this adolescent population® %1,
Yet, head-to-head comparative evidence is absent. If the EQ-5D-5L and EQ-5D-Y-5L indeed
are psychometrically similar (‘equivalent’) in adolescents, and otherwise comparable in
practical application, this would imply the versions can be used interchangeably. If true, this
would signify a preference for the EQ-5D-5L as it avoids the switching of versions at an age
threshold in longitudinal applications. If the versions are not equivalent and the EQ-5D-Y-5L
performs better in terms of alignment with the experience, language, and reflective abilities
of adolescents, then this version should be preferred up to the age of 17.

AIS is the most common type of scoliosis; about 3 to 5 per 1000 children are estimated to
develop AIS requiring treatment*’. Although AIS patients are generally healthy apart from
the deformity, the disease often decreases the quality of life through the experienced pain
and social impact. Moreover, due to various treatment modalities such as bracing or surgery,
AIS patients also face problems with self-image and mental health!?**. As the disease
impact, the associated burden, and the side-effects of treatment inevitably prolong into
adulthood, this population is a prime example to study the continuity of HRQoL instruments
longitudinally.

In this study, we hypothesize that the EQ-5D versions are equivalent in this adolescent
population regarding (1) intra-individual agreement, (2) distributional properties, in
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particular ceiling, (3) performance in validity tests, and (4) test-retest reliability. The criteria
norms are discussed in the methods section.

METHODOLOGY

Study design

Questionnaires and other data were collected prospectively. This study was approved by
the Medical Ethical Review Board from University Medical Center Groningen (reference
202100536); study-site specific ethical approval of each participating center was also
obtained. Although this study was not pre-registered, we developed a statistical plan before
data collection was complete. This manuscript is written according to the Guidelines for
Reporting Reliability and Agreement Studies and COSMIN reporting guideline for studies on
measurement properties of Patient-Reported Outcome Measures (PROMs) > %6, We aimed
for at least 100 participants advised by the COSMIN guidelines.

Participants

Consecutive patients from 4 scoliosis centers were included at the outpatient clinics
between March 2022 and January 2023 if they met the following inclusion criteria:
diagnosis of AlS, under active treatment with bracing, and age between 12 and 18 years.
The diagnosis of AIS is made after other causes for (secondary) scoliosis have been excluded
or are deemed unlikely. The disease severity is typically measured using the Cobb angle on
spine radiographs. Patients receive bracing therapy generally for moderate curvatures and
upwards, i.e., a Cobb angle >20° with the aim to prevent further curve progression and the
need for spinal surgery!*'’. Patients were excluded who underwent surgery or inability to
complete study questionnaires due to cognitive impairment or insufficient understanding
of the Dutch language.

Procedures

Eligible patients (and their parent/guardian) received oral and standardized written
information on the study, and participants were required to provide consent conform
Dutch law. Adolescents aged 12 to 16 give are required to provide consent independently in
addition to their parents or guardian. From 17 and older, adolescents sign themselves. After
obtaining signed informed consent, patients were sent a first link to a set of questionnaires
in an electronic data-capture system (Castor). The first set of questionnaires included (1)
various demographics, (2) the EQ-5D-5L (and EQ Visual Analogue Scale (VAS)), (3) the SRS-
22r which has no defined age-limits, and (4) the EQ-5D-Y-5L (and EQ VAS). No missing data
were allowed; however, one patient aborted the survey too early resulting in one missing
value for the EQ VAS. The order of the EQ-5D versions was individually randomized. On top
of these questionnaires, 75% of patients also filled out a novel Brace Questionnaire (BrQ)
to assess its validity; the results have been recently published and are not discussed or used
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in this study®®. To assess test-retest reliability, patients were sent a second link 7-14 days
after completion of the first set of questionnaires.

Questionnaires

Demographics

Obtained demographics included age, sex, education level, body mass index (BMI),
menarche (if female) and Cobb angle at inclusion. In the Netherlands, education can be
trichotomized into primary education (i.e., primary school), secondary education (i.e.,
preparatory vocational, secondary vocational education, preparatory general education,
or preparatory university education), and tertiary education (i.e., higher professional
education or university education)'®. Secondary education is generally known as high school.
We collapsed secondary and tertiary education in two groups: practical education which
included preparatory vocational or secondary vocation education and theoretical education
which included preparatory general and preparatory university education, and also higher
professional and university education.

EQ-5D-5L and EQ-5D-Y-5L

The official Dutch translation of the five-level versions of the EQ-5D-5L and EQ-5D-Y-5L was
used?. Both versions cover 5 domains (Mobility, Self-care, Usual activities, Pain/Discomfort,
and Anxiety/Depression), and both have 5 response levels resulting in 3125 possible health
states.

The EQ-5D-Y-5L differs from the EQ-5D-5L in the following: (1) ‘walking about’ is added as
explanation to the domain header ‘Mobility’; (2) the domain header ‘Self-care’ is changed
into ‘Looking after myself’; (3) child-relevant examples are listed after the domain header
"Usual activities’ (‘going to school, hobbies, sports, playing, doing things with family or
friends’); (4) the domain header ‘Pain/Discomfort’ is changed into ‘Pain or other complaints’;
(5) the domain header ‘Anxiety/Depression’ is changed into ‘Feeling worried, Sad or
Unhappy’. The most obvious difference concerns (6) the response levels: supposedly more
child-friendly terms for level 3 and 4 are used in the EQ-5D-Y-5L. (7) Also, the most extreme
level 5 is formulated slightly different for the domains ‘Mobility’, ‘Self-care’ and ‘Daily
activities”: the phrase ‘1 am not able to’ is replaced with ‘I cannot’. The changes of the
Y-version were the result of extensive qualitative and quantitative testing® 3. The question
texts (in Dutch) are included in Supplemental File 1; the full versions can be requested from
the EuroQol Research Foundation.

The EQ-5D-5L has country-specific preference-based value sets available (for both 3L and
5L), that transforms each health state into an aggregate score, including the Netherlands?.
For the EQ-5D-Y-5L currently only 3L value sets are available, and 5L sets are on their way??.
As the primary goal of our research is descriptive equivalence, and in view of the absence
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of valuation sets for the currently used EQ-5D-Y-5L version, we use the level sum score
(LSS) to compare aggregate scores between the instrument versions. Using the LSS, the
best possible score is 1+1+1+1+1=5, and the worst possible score is 5+5+5+5+5=25. This
conforms to current practice in non-economic papers, including research into descriptive
performance®.

EQ VAS

The EQ VAS aims to measure overall quality of life, and is a combination between a
traditional Numerical Rating Scale and a Visual Analogue Scale. It is presented vertically.
At the top a label states ‘the best imaginable health’. The scale ranges from 0 (worst) to
100 (best), with ticks on the scale at each increment of 10. The youth version of the EQ VAS
differs from the adult version in the following: (1) an informal version of the Dutch pronoun
‘you’ is used, and (2) the term ‘measuring scale’ is replaced by ‘line’.

SRS-22r

The SRS-22r is a commonly used AlS-specific questionnaire developed and validated for
adolescents, which we used as the comparator/reference for validity analysis*>?* 25, It covers
the domains function, pain, self-image, mental health, and satisfaction/dissatisfaction with
management. Each domain consists of 5 items except for satisfaction/dissatisfaction, which
consists of 2 items. Domain and aggregate scores are calculated by averaging the item-
scores for each domain, and all items, respectively; scores range from 1 to 5, where a higher
score indicates a better outcome.

Statistical analysis

General

In view of our research goal, the null hypothesis (to be rejected) is that the two EQ-5D
versions are not equivalent, while the alternative hypothesis claims equivalence. Hence,
equivalence is to be proven. To test for the equivalence of a new version or collection
modality of HRQoL instruments in comparison to a default version several recommendations
are available?® ¥, This entails non-inferiority testing of the new version, which evaluates
whether the new version is not worse than the default version. In our study, we test
for true equivalence (rather than non-inferiority) as there is no default; in other words,
either version may be better than the other. We derived our set of criteria from the above
recommendations, taking the absence of a default into consideration.

The primary criterion is head-to-head (intra-individual) agreement of 20.91 expressed by
Intraclass Correlation Coefficients (ICC) for aggregate scores and kappa values for domains,
conform the recommendations for application of PROMs at the individual level. Of note, for
application at the group level, recommendations are more lenient and ICC and kappa values
of 20.7 and >0.8 are considered acceptable, respectively. Three secondary psychometric
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criteria were: distributional properties (lack of ceiling in particular), validity, and test-retest
reliability. In the context of longitudinal use of EQ-5D in registries covering adolescent and
adult age, test-retest reliability has specific relevance. If the versions are equivalent based
on the primary criterion, and are similar in practical features, we conclude that they are
interchangeable. If the EQ-5D versions are not equivalent, we will prefer the version with
the best psychometric performance on secondary criteria where test-retest reliability has
extra weight.

For further statistical testing of strength of association, ICC, kappa and Spearman rank
correlation analysis were used. ICC and kappa coefficients were interpreted as follows: poor
(£0.39), fair (0.40-0.59), good (0.60-0.74), and excellent (0.75-1.00) reliability?®. Spearman
rank coefficients (rho) were interpreted as: negligible (<0.10), weak (0.11-0.39), moderate
(0.40-0.69), strong (0.70-0.89), and very strong (=0.90) correlation?.

Below we provide details on the statistical analysis. All analyses were performed in R version
4.3.1%. Where appropriate 95% confidence intervals (95% Cls) were reported, and a p-value
<0.05 was considered significant. R packages used are included in Supplemental File 2.

Sample description

Sample characteristics were summarized, and conventional descriptive statistics for the
EQ-5D-5L, EQ-5D-Y-5L, and SRS-22r responses were calculated. Aggregate scores between
EQ-5D versions were compared using the Wilcoxon signed-rank test, while domains were
compared using the Bowker’s test for symmetry.

Distributional characteristics: ceiling and floor effects

The proportion of patients reporting ‘no problems’ (ceiling) and ‘extreme problems’
(floor) for the LSS and each domain, were compared between the EQ-5D versions using
the McNemar test. For reference, these procedures were also conducted for the EQ-VAS
and the SRS-22r. Overall, we expected relatively high ceiling and any significant difference
between EQ-5D versions was considered potentially relevant.

Intra-individual agreement

ICCs based on single measurement, absolute-agreement, two-way random effects model
were calculated for the LSS of the EQ-5D versions3.. An ICC absolute-agreement was selected
for all comparisons, as systematic differences are also relevant in the overall appraisal
of QoL. ICC absolute-agreement typically results in lower ICC estimates compared to ICC
consistency, which excludes systematic differences. Weighted (quadratic) kappa values
were calculated for domains. A relevant disagreement was defined as an ICC or kappa
<0.90, as described above. If indeed intra-individual agreement was less than hypothesized,
we explored the observed disagreement with Bland-Altman plots®. ICC’s and kappa are
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reliability parameters which relate the measurement error to the variation in the studied
population, while Bland-Altman plots provide specific insights into the measurement error
component. The Limits of Agreement (LOA), which were set at 95%, describe the size
of measurement error between EQ-5D versions®. The dispersion of datapoints illustrate
whether measurement error is random or systematic in nature. In case of the latter, future
work may investigate the adjustability of this variation. Difference scores were assessed
graphically and found to be roughly normaliy distributed, hence no data transformation
was applied. Similar procedures were applied to the EQ VAS as reference.

Convergent and divergent validity

The strength of association using Spearman rank correlation was established between the
EQ-5D-5L and the SRS-22, and the EQ-5D-Y-5L and the SRS-22r, respectively. The COSMIN
guidelines states that 75% of hypotheses should be met to assume validity. Associations
were established between total scores, between similar domains (convergent validity, rho<-
0.40) and between conceptually unrelated domains (divergent validity, rho>-0.39), based
on previous literature*®°. We expected only negative associations given the EQ-5D is the
only questionnaire for which lower scores reflect better health. For convergent validity, we
compared EQ-5D self-care to SRS-22r function, EQ-5D pain to SRS-22r pain, EQ-5D anxiety/
depression to SRS-22r self-image and EQ-5D anxiety/depression to SRS-22r mental health.
For divergent validity, we compared EQ-5D mobility to the SRS-22r function and EQ-5D
usual activities to the SRS-22r function. Finally, we inspected whether either questionnaire
in general outperformed the other in terms of validity, considering a difference in number
of thresholds achieved of 1 or more to be relevant.

Test-retest reliability

Using the same approach as under intra-individual agreement, ICCs and kappa values were
calculated for the LSS and domains between the first and second measurements, for the
EQ-5D-5L and EQ-5D-Y-5L separately. We applied the same thresholds for and expected
test-retest reliability to exceed 20.91 for both EQ-5D versions. To evaluate differences in
test-retest reliability among EQ-5D versions, we applied Fisher’s r-to-Z transformation to
the coefficients and used a Z-test (Steiger’s) for dependent groups to determine statistical
significance3* 3, Similarly, Bland-Altman plots were used to illustrate the measurement
error from first to second measurement.

Sensitivity analysis
To check the robustness of the findings regarding intra-individual agreement and test-retest

reliability in particular, we re-ran these analyses within known subgroups which reflect
more vs. less severe disease based on previous literature**°, ICCs and kappa values were
recalculated in the following subgroups: a Cobb angle 230 vs. <30; SRS-22r sum-score best
50% vs. worst 50%; practical vs. theoretical education; age oldest 50% vs. youngest 50%.
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Due to the small number of children who were still in primary school (n=8), these were not
used in the comparison according to education.

RESULTS

Out of 175 eligible patients with AIS undergoing brace treatment, 107 provided informed
consent and completed the first survey. Seventy-eight (75%) responded to the second
survey at an average follow-up of 27 days (Standard Deviation (SD) 16, range 9-73). Patients
were included at a mean age of 14 years (SD 1.4, range 12-18), and 83 (78%) were female
(Table 1).

Table 1: Characteristics of study population

Total sample, n=107

Age in years, mean (SD) 14.3 (1.4)
Female, n (%) 83(78)
Highest completed education, n (%)

Primary education 8(8)

Practical education 42 (40)

Theoretical education 57 (52)
Body mass index (kg/m2), mean (SD) 18.0(2.6)
Menarche (if female, n=83), n (%) 62 (75)
Cobb angle at inclusion*, n (%)

<30 46 (43)

>30 60 (57)

A higher Cobb angle indicates more severe scoliosis.
* Data is missing from 1 patient.

The sample was relatively healthy, with high (low for LSS) average scores on all
questionnaires (Table 2A, Figure 1). The EQ-5D’s were similar with regard to aggregate
scores: the median LSS was 7 (Interquartile Range (IQR) 6—9) for both the EQ-5D-5L and EQ-
5D-Y-5L (p=0.243). At the domain level on both EQ-5D’s, mobility and self-care were rated
slightly better compared to usual activities, pain, and anxiety/depression. Median values
of domain scores were also similar between EQ-5D’s. The median value for the aggregate
SRS-22r score was 4.0 (IQR 3.5—4.4). Corresponding domains in SRS-22r and EQ-5D tended
to produce a similar distributional pattern (Table 2B).
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Figure 1: Distribution of the domain responses of the EQ-5D versions

Table 2B: Descriptive statistics of SRS-22r

Median (IQR) Range Ceiling, n (%)
Aggregate
Sum-score 4.0(3.5-4.4) 2.2-4.38 0
Domain
Function 4.4 (4.0-4.8) 2.8-5.0 16 (15)
Pain 4.2(3.8-4.5) 1.4-5.0 9(8)
Self-image 3.6(3.0-4.1) 1.6-5.0 2(2)
Mental health 3.8(3.1-4.2) 1.0-5.0 3(3)
Satisfaction with treatment 4.0(3.5-4.5) 2.0-5.0 15 (14)

Ceiling and floor

Both EQ-5D versions produced no floor regarding aggregate scores and max. 1% for domains.
Ceiling was prominent: with regard to the LSS, the ceiling was slightly larger for the EQ-5D-5L
(18%) compared to the EQ-5D-Y-5L (13%), although this did not differ significantly (p=0.359).
Ceiling was about similar for most domains of EQ-5D versions, and did not differ signficantly.
The highest ceiling was observed for mobility (78% and 79%, for EQ-5D-5L and EQ-5D-Y-5L,
respectively) and self-care (81% and 81%), and the lowest for pain (31% and 36%); usual
activities was in-between (54% and 52%). The ceiling of the anxiety/depression domain was
significantly higher for EQ-5D-5L (57%) compared to EQ-5D-Y-5L (41%) (p=0.006).

Intra-individual agreement

The agreement (ICC) between EQ-5D’s was 0.79 (95% Cl 0.70, 0.85) for LSS and 0.80 (95%
Cl1 0.72, 0.86) for VAS (Table 3). At the domain level, kappa values were smaller; they were
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highest for self-care and pain/discomfort, and lowest for usual activities and anxiety/
depression. All ICC/kappa values were lower than our predefined threshold of >0.91.

Table 3: Agreement between EQ-5D versions

Predefined hypothesis 1CC (95% Cl)

Aggregate

VAS N/A 0.80(0.72, 0.86)
LSS 20.91 0.79 (0.70, 0.85)

Kappa (95% Cl)

Domain

Mobility 20.91 0.62 (0.38, 0.86)
Self-care >0.91 0.76 (0.58, 0.94)
Usual act. >0.91 0.48 (0.31, 0.65)
Pain >0.91 0.69 (0.56, 0.81)
Anx./depr. >0.91 0.60 (0.44, 0.76)

ICC’s were calculated for the aggregrate scores, between the EQ-5D-A and the EQ-5D-Y. Kappa analysis was used
to assess agreement for domains.

*Indicates if the predefined hypotheses was met (not the case for any comparison).

Abbreviations: LSS = level-sum-score; VAS = Visual Analogue Scale; N/A= not applicable; ICC = Intraclass Correlation

Coefficient; 95% Cl = 95% confidence interval

Bland-Altman plots were created to gain insights into the measurement error between the
EQ-5D versions (Figure 2 and 3). For the LSS, the mean difference was -0.15 (95% CI -0.46,
0.16). The upper LOA was 3.00 (95% Cl 2.47, 3.53) and the lower LOA was -3.30 (95% Cl
-3.82, -2.77). In other words, 95% of differences between the LSS of EQ-5D’s fall between
approximately -3 and +3. For the VAS, the mean difference was 0.29 (95% Cl -1.99, 1.40),
upper LOA 16.94 (95% Cl 14.00, 18.87), lower LOA -17.52 (95% Cl -20.45, -14.59). Overall,
the plots suggested that disagreement was largely due to random variation, for both the
LSS and VAS scores.
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Figure 2: Bland-Altman plot for the LSS of the EQ-5D versions

The y-axis depicts the difference between the intra-individual measurement of the EQ-5D-5L and EQ-5D-Y-5L. The
x-axis depicts the average of these two measurements. The dashed lines indicate the mean difference between
EQ-5D versions and 95% limits of agreement. The red dotted lines represent the 95% confidence intervals for
these estimates.
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Figure 3: Bland-Altman plot for the VAS of the EQ-5D versions

The y-axis depicts the difference between the intra-individual measurement of the VAS obtained with the EQ-5D-
5L and the VAS obtained with the EQ-5D-Y-5L. The x-axis depicts the average of these two measurements. The
dashed lines indicate the mean difference between VAS versions and 95% limits of agreement. The red dotted
lines represent the 95% confidence intervals for these estimates.
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Convergent and divergent validity
The pre-defined hypotheses with regard to validity were met for 5 out of 7 hypotheses
pertaining to the LSS or domains, for both the EQ-5D-5L and EQ-5D-Y-5L (Table 4).

Table 4: Convergent and divergent validity of EQ-5D versions

EQ-5D-5L EQ-5D-Y-5L
Predefined Rho (95% CI) Rho (95% ClI)
hypothesis
Aggregrate
EQ VAS vs. SRS sum-score N/A 0.57 (0.40, 0.68) 0.52(0.35, 0.65
EQ-5D LSS vs. SRS sum-score <-0.40 -0.71* (-0.58, -0.80) -0.68* (-0.54, -0.78)
EQ-5D LSS vs. EQ VAS <-0.40 -0.57* (-0.40, -0.68) -0.48* (-0.30, -0.62)
Domain
EQ-5D mobility vs. SRS function >-0.39 -0.36* (-0.18, -0.52) -0.25* (-0.07, -0.43)
EQ-5D self-care vs. SRS function <-0.40 -0.16 (0.04, -0.34) -0.08 (0.12,-0.27)
EQ-5D usual act. vs. SRS function >-0.39 -0.61 (-0.46, -0.73) -0.44 (-0.27,-0.59)
EQ-5D pain vs. SRS pain <-0.40 -0.64* (-0.50, -0.75) -0.61* (-0.46, -0.73)
EQ-5D anx./depr vs. SRS self-image <-0.40 -0.49* (-0.32, -0.63) -0.54* (-0.39, -0.67)
EQ-5D anx./depr vs. SRS mental health <-0.40 -0.63* (-0.48, -0.74) -0.65* (-0.51, -0.76)

Spearman rank correlations were calculated between the aggregate and domain scores. A higher EQ-5D domain/
aggregate score indicates worse health, while a higher EQ VAS and SRS-22r domain/aggregate score indicates
better health.

*indicates if the predefined hypotheses was met.

Abbreviations: LSS = level-sum-score; VAS = Visual Analogue Scale; N/A = not applicable; 95% Cl = 95% confidence
interval

Test-retest reliability

ICCs were 0.76 (95% CI 0.64, 0.84) for the EQ-5D-5L LSS and 0.69 (95% CI 0.55, 0.79) for
the EQ-5D-Y-5L; see Table 5. Test-retest reliability was lower at the domain-level, with
the lowest kappa value observed for the self-care domain (EQ-5D-5L: 0.29 (95% CI 0.03,
0.56), EQ-5D-Y-5L: 0.19 (95% CI -0.06, 0.43)) and the highest for the anxiety/depression
domain (EQ-5D-5L: 0.67 (95% CI 0.48, 0.85), EQ-5D-Y-5L: 0.69 (95% CI 0.56, 0.82)). Slightly
higher point-estimates were generally observed for aggregate and domain scores of the
EQ-5D-5L as compared to EQ-5D-Y-5L, however, these were not statistically significantly
different. The Bland-Altman plots suggested that the difference between baseline and
second measurement were mainly attributable to random variation rather than due to true
change (Supplemental File 3, Figure 1-4).
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Table 5A: Test-retest reliability of EQ-5D versions

EQ-5D-5L EQ-5D-Y-5L
Predefined 1CC (95% CI) 1CC (95% CI) p-value (diff. in
hypothesis ICC/kappa)**
Aggregrate
VAS N/A 0.45 (0.26, 0.61) 0.50(0.32, 0.65) 0.621
LSS 20.91 0.76 (0.64, 0.84) 0.69 (0.55, 0.79) 0.284
Kappa (95% ClI) Kappa (95% ClI)
Domain
Mobility 20.91 0.40(0.19, 0.60) 0.50(0.31, 0.68) 0.376
Self-care 20.91 0.29 (0.03, 0.56) 0.19 (-0.06, 0.43) 0.442
Usual act. 20.91 0.64 (0.46, 0.81) 0.51(0.32, 0.70) 0.156
Pain 20.91 0.66 (0.53,0.79) 0.58(0.41, 0.75) 0.360
Anx./depr. 20.91 0.67 (0.48, 0.85) 0.69 (0.56, 0.82) 0.732

ICC’s and kappa values were calculated for the aggregate and domain scores, between the first and second
measurement at least 7 days later (average 27 days later).

*indicates if the predefined hypotheses was met (not the case for any comparison).

**To compare ICC and kappa values, a Fisher’s r-to-Z transformation was applied and a Z-test (Steiger) was used
to determine statistical significance.

Abbreviations: LSS = level-sum-score; VAS = Visual Analogue Scale; ICC = Intraclass Correlation Coefficient;
diff. = difference; N/A = not applicable; 95% Cl = 95% confidence interval

Table 5B: Test-retest reliability of SRS-22r

1CC (95% CI)
Aggregrate
Sum-score 0.87(0.80, 0.92)
Domain
Function 0.70 (0.61, 0.83)

Pain 0.76 (0.65, 0.84)
0.84(0.76, 0.90)
0.79 (0.69, 0.86)
0.67 (0.53,0.78)

Self-image
Mental health

Satisfaction with treatment

Sensitivity analysis

The intra-individual agreement was relatively higher in subgroups with more severe scoliosis
as defined by the SRS-22r or Cobb angle for both versions (Supplemental File 4, Tables
1-8). In contrast, agreement was lower in patients less affected by scoliosis. The subgroups
education and age appeared to not affect the agreement. Test-retest reliability was similar
according to Cobb angle, education and age, while better reliability was observed in patients
with worse SRS-22r scores. The differences in points-estimates between the EQ-5D-5L and
EQ-5D-Y-5L generally persisted (Supplemental File 4, Tables 9-16).
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DISCUSSION

Main findings

In this study, we compared the EQ-5D-5L and EQ-5D-Y-5L in a sample of AlS patients treated
with a brace. Intra-individual agreement across versions was found to be excellent for
the LSS (ICC 0.79 (95% ClI 0.70, 0.85)), however, did not meet our primary criterion for
equivalence. Agreement further dropped at the domain level, in particular for mobility,
usual activities, and anxiety/depression. Regarding psychometric properties, ceiling was
comparable for most domains and the LSS, except for the anxiety/depression domain which
showed sigifiicantly more ceiling for the EQ-5D-5L (57%) compared to the EQ-5D-Y-5L (41%).
This may be attributed to the different wording of both question and response. Both the EQ-
5D-5L and EQ-5D-Y-5L demonstrated comparable validity, achieving 5 out of 7 hypotheses
(close to the commonly used 75% threshold). With regard to test-retest reliability, point-
estimates were slightly higher for the EQ-5D-5L (LSS 0.76 (95% Cl 0.64, 0.84)) as compared to
the EQ-5D-Y-5L (LSS 0.69 (0.55, 0.79)), although these differences did not reach significance.
As secondary psychometric criteria overall were roughly similar between EQ-5D versions,
we think that in the context of patient monitoring from adolescence to adulthood the EQ-
5D-5L is the preferred instrument. This avoids potential data discontinuities resulting from
switching between versions and hence facilitates longitudinal follow-up from adolescence
into adulthood.

Comparison with other literature

This study is based on adopted criteria, which can greatly influence the judgement of
determining (non-)equivalence. We chose to require intra-individual agreement (and
test-retest reliability) to achieve strict thresholds, as we believe using EQ-5D versions
interchangeably requires the instruments to align very strongly. However, for the purpose
of larger group comparisons, more lenient thresholds may be used, as described in the
methods section. Both EQ-5D versions showed acceptable intra-individual agreement
and test-retest reliability for the LSS using these thresholds, but not at the domain level.
Although no studies are available to compare the level of intra-individual agreement, test-
retest reliability findings of both EQ-5Ds were in line with previous studies®°. In retrospect,
it was unlikely for the reliability of EQ-5Ds to achieve the strict threshold we applied.

Lack of reliability of the EQ-5Ds was mostly attributable to random error, presumably
because each domain includes only one question®®. For longitudinal follow-up of patients,
higher test-retest reliability translates into being able to more precisely capture a given
health state. Treatment decisions may be contingent on the measured health state, and
inaccuracies may have important implications. Hence, it is imaginable that the version with
a trend of higher estimates may be the preferred option in this adolescent AIS population,
i.e., the EQ-5D-5L.
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As both EQ-5D versions have the same number of response levels, three underlying
mechanisms may explain the disagreement between instrument versions for the domains
mobility, usual activities, and anxiety/depression. Firstly, due to different wording of the
question these domains cover a different underlying idea/concept. Secondly, they cover
the same idea/concept, but the average distribution of scores is shifted lower or higher
in general. Thirdly, due to different wording of the five severity labels, the distribution
of the numbers (response) is different. In the first case one expects, if tested against an
external anchor such as the SRS-22r, that the ranking of the responses of both versions is
different. As this was not the case, the first explanation seems unlikely. In the second and
third mechanism, one would expect the ranking to be similar despite a different use of the
scale (distribution). In view of the fairly limited textual adaptations of the youth version,
the results seem to match these explanations. The second mechanism is exemplified by
the higher ceiling for anxiety/depression for the EQ-5D-5L compared to the EQ-5D-Y-5L.
The EQ-5D-5L describes this domain as “fear/sadness”, while the EQ-5D-Y-5L describes it
as “worrying, sadness or unhappiness”. In this situation, the underlying response scale
may be shifted upwards in a constant fashion, hence patients use extreme values (ceiling)
more often while correlation between measures remains relatively preserved. The third
mechanism is expected to apply to the mobility and usual activities domains.

The EQ-5D-5L and EQ-5D-Y-5L demonstrated comparable validity. The validity findings were
generally compatible with previous studies, and were close to the currently accepted 75%
guideline for demonstrating validity® %3738 The LSS and SRS-22r sum scores were strongly
correlated, suggesting that the EQ-5D is able to capture the relevant disease burden and
HRQoL of AlS patients treated with a brace. We found insufficient association between
the EQ-5D domain self-care and SRS-22r function domain (rho -0.16 (EQ-5D-5L) and -0.08
(EQ-5D-Y-5L) instead of >-0.40). A higher than expected association was found between the
EQ-5D domain usual activities and the SRS-22r function domain (rho -0.61 (EQ-5D-5L) and
-0.44 (EQ-5D-Y-5L) instead of <-0.39)°. The SRS-22r function domain focuses on the level of
activity, on limitations in doing things around the house, financial difficulties due to AIS, and
limits in going out with friends!* 2. These (mild) differences between our study and previous
papers may be attributable to differences between samples: only 11% of the sample in
the study by Adobor et al. was undergoing brace treatment at the time of filling out the
questionnaire, and a larger percentage had surgery (39%) or were scheduled for surgery
(30%), hence representing a population with more severe scoliosis. It is imaginable that a
patient with more severe scoliosis have increased problems with self-care thus correlating
more strongly with the SRS-22r function domain.

Strengths and limitations

The present study had some limitations. Firstly, a sample size of 107 can be considered
small, however, it does meet the current COSMIN criteria and the homogeneity of the
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sample permits careful testing?®. Secondly, we did not include a question on experienced
health change at the second measurement. Generally, excluding patients who report a
change in health may benefit test-retest reliability. However, this would have added to
the questionnaire burden already consisting of two close to identical questionnaires and
a comparator. Also, we think a health change is unlikely in these rather healthy persons,
as they were approached after they had already initiated bracing therapy and were still
required to wear their brace until at least the subsequent visit which in general is 6 months
later. Thirdly, as the study population was rather healthy, data was skewed. This affected
the size of the kappa, resulting in lower values than would be expected for the observed
absolute agreement. Finally, the current study is performed in a selected AlS population
undergoing bracing treatment, and is inevitably not generalizable to all AlS patients. While
AlS patients show a wide range of symptoms, specific patient groups may exist where the

instrument versions show larger differences, or no difference at all.

CONCLUSION

This is the first head-to-head comparison of the EQ-5D-5L and EQ-5D-Y-5L in an adolescent
AIS population treated with a brace, using a strict testing format to reject or establish
equivalence. The EQ-5D versions show insufficient intra-individual agreement and cannot
be considered fully equivalent, and thus and cannot be used interchangeably. Although they
were roughly similar in terms of validity and test-retest reliability, specific differences in
score distribution were present. If longitudinal measurement of HRQoL from adolescence
into adulthood is foreseen, and we think the EQ-5D-5L is the preferred choice with the added
benefit that potential data discontinuities are avoided. Future studies should verify if this
finding holds in different patient groups and the general population.
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Chapter 8

INTRODUCTION

In this thesis, the use of PROMs data for improving the quality of care was explored in
both routine applications and empirical research. The latter focused on specific factors
that modify the quality of care, such as socioeconomic inequalities and the impact of the
COVID-19 pandemic. Several methodological challenges that emerged in this context were
also studied. For example, in adolescent patients with scoliosis, a comparison between a
child-specific and an adult quality of life instrument was conducted, to identify the optimal
instrument to monitor these patients into adulthood.

This chapter is organized as follows. Three topics of particular relevance to this thesis
are discussed, namely 1) the use of PROMs in the context of quality of care according to
the level of potential impact (micro-, meso-, and macro-level); 2) The measurement and
interpretation of socioeconomic inequalities in health care, where we consider their absence
a quality feature; and 3) The approach to addressing methodological challenges emerging
in these contexts. We conclude this chapter with our perspectives for the future.

PROMS IN QUALITY OF CARE

Micro-level routine care applications of PROMs

In Chapter 2, our review showed that the use of PROMs at the micro-level (patient-level) is
well established. We identified two promising types of PROMs applications in orthopedics,
namely shared-decision making and post-operative monitoring tools.

Shared decision-making tools

Three studies utilized PROM-based tools to inform patients about expected benefits from
arthroplasty and conservative treatment options for osteoarthritis; benefits were expressed
in terms of disease burden and quality of life’. These tools also included an educational
component on the disease, unlike the LROI tool ‘Patients Like Me’. A significant percentage
of patients, more in TKA than in THA, report no improvement or even deterioration when
measured with PROMs, or express dissatisfaction with the final result*. One commonly cited
reason for this is differing expectations of the procedure, whether realistic or not, which
are not adequately met; these tools may help modify these expectations. The identified
studies found evidence of improved decision quality, although it is uncertain to what extent
decision quality is associated with better overall patient experienced or clinical outcomes®.

Short-term post-operative monitoring tools

We identified one study that used an eHealth app in which patients reported daily
symptoms and uploaded images of their wound, combined with educational material
regarding the procedure, following oncological colorectal surgery®. The intervention
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moderately improved PROMs, but it did not reduce other important clinical outcomes such
as emergency department visits or readmissions. While appealing, PROMs are designed to
capture outcomes related to the disease under study and may miss important symptoms
related to surgical recovery. The questionnaire used in the identified study, for example,
did not include essential symptoms such as fever or wound leakage. Tailored symptom
inventory lists have been suggested as more suitable for this purpose’. A similar eHealth app
is under development in orthopedics which uses a tailored symptom list to identify early
postoperative problems such as (wound) infection®. Although this tool has the potential to
replace part of the short-term outpatient visits or phone calls, thus decreasing the burden on
clinical practitioners, it comes with certain challenges. First, determining responsibility for
checking app reports and subsequently establishing clear action plans for abnormal findings
requires careful consideration. Second, the threshold of the PROM or symptom inventory
requiring action should be low and prevent false-negative conclusions of infection with
potentially severe consequences. Rigorous testing is necessary to determine the limits of this
type of monitoring, with due consideration for patient reassurance. Clinical assessment and
patient-doctor interactions are essential for determining whether treatment is necessary,
as self-reported results alone are insufficient for making such decisions. The likelihood of a
postoperative infection is determined through a comprehensive assessment of symptoms,
physical examination, and blood work. Clinical expertise is needed to interpret these results,
and to our knowledge, there is currently no prediction model that can precisely identify
which patients require treatment, although Artificial Intelligence may change the state of
play. This is particularly relevant for patients in the ‘grey area’, i.e., without clear infection
symptoms such as persistent wound leakage.

Long-term post-operative monitoring tools

Another study used long-term PROM data to provide insights into progress or deterioration
for physiotherapists in an exercise program in patients with osteoarthritis (OA)°. Overall,
moderately improved outcomes were found. This study underlines an important
consideration applicable to post-operative monitoring tools, and the use of PROMs in
general. Their use typically forms part of a multifaceted intervention, and it is impossible
to determine the precise effect attributable to the collection and use of PROMs. This also
applies to the previously described applications. In this study, it was not explained how and
to what extent PROM data were used to support the exercise program.

Common considerations for the incorporation of these tools in daily practice

All identified tools rely on a digital environment. As such, the inclusivity of care may be
negatively impacted because not all patients have sufficient (digital) knowledge to use these
tools or even have a cellphone®. Alternative information provision (e.g., printed materials)
and classical follow-up methods should remain available. Secondly, these tools do not
include non-medical considerations and do not easily capture the varying importance that
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patients place on different treatment aspects and outcomes. These assessments typically
are not integrated into the tool itself (ref ' is an exception), and still, there remains room
for the patient-doctor consultation to discuss the results from the tools. Thirdly, to realize
effective use of PROMs and symptom inventories, training for both patients and clinicians
is essential®?. Clinical users, for example, have limited experience with PROM data and their
interpretation and presentation in these tools; they may need guidance on how to deal
with unfavorable PROM outcomes, similar to how they are trained to deal with deviant
radiographical outcomes. This list of considerations can be extended.

Meso-/macro-level routine care applications of PROMs

At the meso-/macro-level, evidence of the use of PROMs was scarce, though actual use is
presumably more widespread than what is published in medical journals. Two applications
were identified, namely the use of PROMs for benchmarking purposes and as input for
quality improvement initiatives through in-depth data analysis or plan-do-check-act
(PDCA) cycles. The evidence did not suggest a benefit from benchmarking alone!*?¢,
Effective applications were found for the latter, including using PROM data to guide the
implementation of a hospital-wide pain protocol and the introduction of a new type of knee
prosthesis in a national healthcare system?’-%°,

A key observation may substantiate the difference in effectiveness between benchmarking
and using data as input for quality improvement initiatives. In benchmarking, data
applications ‘simply’ provide outcome data to providers or other relevant stakeholders.
More advanced, data-guided specific initiatives consist of well-thought-out plans and
different feedback loops. A report issued in 2022 by Zorginstituut Netherlands on how
stakeholders use quality indicators reflects the current state of play?*. Effective applications
seem to require support from quality committees, preferably with input from physicians
regarding what factors within reach could be responsible for suboptimal (or superior)
performance, e.g., across patient groups.

Specific challenges apply. As already observed at the micro-level, clinical users often have
limited experience with PROMs and may require guidance on how to respond to negative
PROM outcomes?? In specialized care, particularly when average performance is excellent,
the multifactorial background and often small patient numbers per professional make it
difficult to assign suboptimal performance to a specific factor, whether provided-related
or not. Even if a measured quality difference can be transformed into an opportunity to
improve care, changing the clinical pathway or staff competence is a costly and time-
consuming process, even with optimal support available. The review did not identify papers
or reports on the use and impact of clinical dashboards at the meso-level, despite the
increasing use of these tools*. We presume this underrepresentation to be the consequence
of an ambiguous status on whether reporting experiences represents ‘science’ or just
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practice. Arguably, the line between PROMs used in routine clinical care and empirical
research applications at the meso-/macro-level is somewhat arbitrary. This is less the case
for the research we presented on socioeconomic inequalities and the impact of the COVID-
19 lockdown. Chapters 3, 4, and 6 provided insights that could inform guidelines and policy
decisions, potentially improving quality of care. The impact of such studies on guidelines
or practice is yet to be established.

SOCIOECONOMIC INEQUALITIES IN HEALTHCARE

Findings from the Dutch orthopedic data and the panel discussion

In Chapters 3, 4, and 6 we conducted multiple empirical studies using LROI PROMs data
of THA and TKA patients to identify opportunities for improved clinical care. Chapter 3
and 4 are highlighted here, where we studied socioeconomic inequalities in PROMs of
these patients. Two separate pathways to inequalities were discovered. Firstly, low SES was
associated with worse PROMs before surgery, which could be interpreted as a selection
effect. Secondly, low SES was associated with worse PROMs after surgery, in addition to the
selection effect, which might indicate suboptimal recovery, i.e., a prognostic effect. These
subtle findings serve as a prime example of how PROMs can provide in-depth understanding
of inequality mechanisms.

We invited a panel of Dutch orthopedic experts to discuss the paper and subsequently
determine whether the differences were relevant and what potential next steps could be.
The observed differences were unanimously accepted as being of relevance. Yet, the second
guestion on what to do led to a mixed response. Most experts preferred to postpone action
until more was known about underlying pathways. Although pathways considered were
mainly patient-related, some provider-related pathways were suggested. The experts had
difficulty designing an intervention at this stage that would reduce differences. The group
agreed on how to proceed: first, a subsequent project could be initiated using LROI data to
unravel underlying drivers for inequalities. This could be done by linking various data sources
(e.g., insurance, general practitioner (GP), hospital data) to the LROI or by enhancing the
registry using local hospital data. However, this is a complex task, as for example insurers
do not easily share their data, and vice versa. Another approach would be to collect new
(survey) data.

Targets for reduction of socioeconomic inequalities

Based on the literature review and the panel discussion, we identified potential intermediary
factors contributing to inequalities, which may serve as targets for improvement strategies
(Table 1). The inventory is categorized into patient, contextual, provider, and insurer
factors. Potential strategies may include (a) primary prevention, such as education and
policy changes aimed at reducing exposure to these factors, (b) secondary prevention,
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such as lifestyle programs designed to modify patient characteristics, (c) professional
performance programs focusing on improving physician performance, and (d) insurance-
targeted programs to address disparities related to coverage and cost.

Table 1: potential determinants for socioeconomic inequalities

Selection effect

Patient-level factors

More severely experienced pain and poorer joint function (more severe disease)
Other joints affected

More comorbidities (e.g., ASA, BMI, diabetes)

Worse mental health status

Unhealthy behaviors (e.g., smoking, diet, less movement/sports)

Lack of knowledge (e.g., unclear expectations, health literacy, delayed presentation at physician, long travel
distance/time, uncertainty about treatment preferences and leaving the decision up to the surgeon)

Different preferences (e.g., regarding timing of presentation at physician)

Contextual Factors

Poorer living situation

Job-related challenges: more physical labor, required to return to work earlier after surgery, more frequent
unemployment

More debts

Higher levels of stress
Minority ethnicity
Lower income

Lack of a social safety network

Provider-level factors

Later referral by GP
Differential indication by surgeon
Variation in (quality of) healthcare delivery

Variation in case-mix or number of deprived patients presenting at hospital

Insurer-level factors

Co-payments (e.g., deductible)

Coverage and contract differences (e.g. physiotherapy not covered in basic insurance package)

Prognostic: Recovery effect

All the above factors

Less use of physical rehabilitation

Lower bone quality / cementation techniques
Lower compliance with post-operative instructions

Different expectations of the procedure
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Patient factors

Patient factors may influence the selection and prognostic effect, or both, thereby further
complicating how inequalities are driven. Orthopedic surgeons arguably have the most
experience with factors related to a patient’s physical health status. These factors include
unhealthy behaviors, often leading to an increased body mass index (BMI) and the presence
of comorbidities such as diabetes. These factors are known to be associated with poorer
outcomes and higher complication rates following THA and TKA?* 2> and tend to be more
prevalent among the deprived?®. One study observed a higher prevalence of these factors
among minorities undergoing THA or TKA, which is linked to SES. Furthermore, these
patients experienced more complications as a result of these factors overall?.

The increased prevalence of the physical health factors at least partly explains the
differential use of THA and TKA in deprived patients, i.e., the selection pathway?:. Surgeons
are typically less inclined to prescribe arthroplasty if they think the expected benefits do not
outweigh the risks. Similarly, patients may also be less inclined to undergo arthroplasty for
the same reasons. We are unaware of studies eliciting these provider/patient preferences.
The previously described shared-decision-making tools could be useful if preferences are
insufficiently aligned between the patient and the provider. This seems particularly useful
for elective arthroplasty, where the benefit-risk judgment is multifactorial.

The LROI cannot provide detailed information on all comorbidity factors but did allow us to
shed light on the effect of BMI and a proxy for overall physical health status measured using
the American Society of Anesthesiology (ASA) score?. These factors explained a relatively
small part of the observed inequality (up to 9% for BMI and 16% for ASA), both pre- and
postoperatively. Risk-optimizing interventions such as BMI reduction have been found to
effectively reduce postoperative complication rates®’, and could modify the inequality
observed in PROMs as well. Additionally, enhanced guidance from the surgeon or a related
professional (e.g., a nurse) may be valuable. Preoperatively, the lower PROM scores in
patients with higher BMI may reflect the more stringent criteria applied (by the patient or
provider) in these patients.

Potential factors specifically underlying the selection effect are that low SES patients may
lack communication skills, or express themselves differently. For example, high SES patients
may be able to make their case more pertinent, i.e., be more persuasive®'. Conversely,
physicians may also lack communication skills and physicians may underestimate the true
disease burden of low SES patients or they may prioritize lifestyle interventions (e.g., weight
loss). Moreover, low vs. high SES patients may have different expectations regarding the
procedure, which the previously shared decision-making tools may modify. Additionally, low
SES patients may more often be unable to continue working in the same capacity (especially
in physical jobs), or face financial barriers, such as the deductible®’. On the other hand,
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employers may be insufficiently accommodating to the patient’s condition, and current
insurance terms may not adequately account for these barriers3. Overall, these factors
may result in low SES patients experiencing longer waiting times before requesting surgical
relief for OA3%.

Another important determinant is health literacy, or lack thereof. Limited health illiteracy
may contribute to selection and prognostic disadvantage through various mechanisms. For
instance it is likely that patients with low SES struggle with topics such as self-management
of OA, rehabilitation after arthroplasty, and more generally with how to navigate the health
system. The previously mentioned communication barriers may lead to suboptimal treatment
decisions, particularly in terms of timing. Various effective options exist to improve health
literacy or to provide tailored information for different levels of health literacy®. The ongoing
project at Maastricht University Medical Center does precisely that: it targets hip and knee
OA patients with limited health literacy, creates more time during consultations to improve
decision-making, and provides targeted guidance if deemed necessary*®.

Provider and insurer factors

Factors related to the broader performance of healthcare providers and hospitals are
acknowledged as important factors affecting the quality of care. Their impact may also
contribute to SES inequalities in PROMs, particularly via the process of care delivery
(e.g., through access mechanisms, specific medical decisions and actions, and follow-
up monitoring and support provided). These factors have not, to our knowledge, been
investigated using registry data; currently, the extent of SES inequalities per provider is
not interpreted as a quality indicator. Hospital volume is one such factor: a study in the US
used national insurance data and found that minority patients were more likely to receive
arthroplasty in low-volume centers and/or by providers performing fewer procedures per
year, leading to higher complication rates in such centers®. Waiting times (from the time of
indication) for arthroplasty have also been found to be longer in deprived patients in the
United Kingdom?®. These examples also demonstrate the difficulty in reducing inequalities.
Centralizing procedures like THA and TKA to achieve high-volume centers everywhere can
have a twofold effect: increased hospital volumes may improve outcomes, but increased
travel time and transport barriers may have the opposite effect in low SES groups®. The
Netherlands has shorter waiting times in general, and we do not know whether waiting
times are longer in the deprived population.

Insurance factors can play a role as well. Reimbursements/payments typically cover the
treatment and postoperative care, including treatment of potential complications. Current
reimbursement models only to a limited extent compensate for patient characteristics that
are associated with increased risks for complications. In the United States, hospitals have
heavily invested in prediction models to identify optimal candidates for surgery. This is
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typically referred to as ‘cherry picking’ or ‘lemon dropping,” where patients with a low
risk of complications are preferentially selected for surgery, while patients with high risk
of complications are refused care or exposed to barriers, respectively. This phenomenon
may contribute to provider-induced inequalities according to SES, as the deprived typically
experience these risk factors more frequently (see earlier)*®. We are unaware of such
prediction models using Dutch data. However, based on anecdotal evidence, certain
surgeons and/or hospitals may also conduct such selection procedures.

The direct performance of healthcare providers with regard to SES may also be relevant.
One example is the differential uptake of guidelines, presumably unintentionally. In Chapter
5, we examined SES and racial disparities in the use of peripheral nerve blocks (PNBs) for
perioperative pain management in THA and TKA in the United States (US), which reflects
access to care to some extent. While we found marked variation in PNB use across US
hospitals, this did not translate into SES-inequalities. This does reflect individual inequalities
to some extent, as patients may receive different treatments, such as PNBs, based on
which healthcare provider they visit. Various reasons may substantiate the differential
use of PNB, including different training received or resources available to the provider.
This phenomenon requires careful investigation, as providers may deviate from guidelines
for valid reasons, and the simple assumption of guideline non-adherence as the driver
of inequalities may be overly simplistic. Evaluating performance differences in general is
complex when using routinely collected data only. The interrelatedness of factors requires
a prudent case-mix adjustment approach, as over-adjustment can take away avoidable
differences. On the other hand, lack of case-mix adjustment may result in a situation where
cases are insufficiently comparable, hence resulting in an unfair comparison. A case-by-case
or audit-like investigation of a subset of patients (e.g., those who underwent reinterventions)
and/or providers may provide insight into this phenomenon.

Other factors may contribute to inequalities. There is no single definitive answer or remedy,
but gradual change can begin now.

METHODOLOGICAL CHALLENGES

General

The application of PROMs in the context of improving the quality of care and inequality
research is not without difficulty, particularly regarding the methods used. Several methods
were explored in this thesis.

Lifespan consistent measurement of quality of life

The first issue pertains to the consistent measurement of quality of life across the transition
from adolescence into adulthood. In Chapter 7, we studied this issue in adolescents with
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Adolescent Idiopathic Scoliosis (AIS), and showed that the child-specific and adult version of
the EQ-5D had similar validity and test-retest reliability. However, they did not correspond
perfectly. We conducted a sensitivity analysis to determine whether these findings differed
between younger (12-14) and older adolescents (15-17), but this was not the case.

Taken together, we concluded that the adult EQ-5D was slightly more suitable for
adolescents as it prevents data discontinuities from adolescence into adulthood. This advice
applies to both routine clinical care applications and empirical research in patients with
AIS. A main limitation of our study is that we used data from a specific orthopedic and
diseased population. As a result, these findings may not be generalizable to other common
orthopedic conditions in adolescents or the general population.

If verified in other populations, the recommendation to use the adult version in adolescents
could be applied more broadly. Moreover, it would facilitate cost-effectiveness evaluations
using available EQ-5D value sets. However, the appropriateness of using an adult value set
in adolescents remains a subject of ongoing debate®.

What constitutes a relevant health change, individually and at the aggregate
level

The second challenge is to agree on one (or more) definitions of what constitutes a relevant
health change, which can also be applied to a PROM score difference. The concept of
relevance concerns the interpretation of a difference, differentiating between the individual
and aggregate levels, and extends beyond merely determining whether a change occurred
and its associated probability (e.g., using confidence intervals). Defining relevance was a
recurrent challenge throughout Chapters 2, 3, 4, and 6.

In terms of routine clinical care applications, at the micro level, monitoring efforts in
orthopedic patients lacked a formal definition or threshold for what constitutes ‘abnormal
recovery’ (Chapter 2). In other words, at what point does a worsening symptom score
necessitate evaluation and/or treatment? This differs from the use of PROMs or symptom
inventories to identify infections in the previously mentioned eHealth app?. In the former
case, the PROM itself is the outcome requiring assessment of relevance, while in the latter
case, the PROM or symptom inventory is used to predict or identify a potentially harmful
complication. In Chapters 3, 4 and 6, we encountered this issue at the meso-/macro-levels,
facing the question of whether the observed PROM differences related to SES and the
COVID-19 lockdown were relevant.

Itis important to quantitatively express the relevance of the impact on PROM scores. More
specifically, when is a health outcome difference large enough to indicate a need for a

clinical change, such as re-intervention at the individual level, or policy adjustment at the
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group level*>*3? The concept of Minimal Important Differences (MID) or Minimal Clinically
Important Differences (MCIDs) has been proposed to define a relevant health change*?. This
parameter aims to capture the smallest worthwhile longitudinal change in PROM perceived
by the patient, and is often applied at the group level. While straightforward in theory,
applying it in practice is challenging. A key consideration is that all MIDs apply to a pre-post
changes in PROM datasets, meaning one cannot use MIDs to compare differences between
groups (and not to cross-sectional differences).

There are three global methods to calculate the MID: distribution-based, individual or
within-patient anchor-based, and consensus-based**. Distribution-based methods are data-
driven and assert that a convenient statistical metric reflects the required patient relevance;
mostly, the standard deviation is used. An important caveat is that in a homogeneous
patient sample, MIDs automatically become smaller because the standard deviation is
smaller. As a result, distribution-based methods are relatively infrequently used.

Anchor-based approaches are most popular, particularly in orthopedics. Typically, Global
Rating of Change (GROC) questions are used, which assess whether patients improved,
deteriorated, or stayed the same in terms of their health. For example, the within-patient
anchor-based approach often defines the difference between patients who experienced
‘no improvement’ and ‘slight improvement’ on the GROC question as the MID. Anchor-
based approaches are less arbitrary, as they relate a measurable quantity of change (in
PROMs terms) to a consequential observation or the patient’s elicited judgment of the
experienced change.

However, there are several issues with this parameter. First, these approaches are influenced
by the choice of anchor and the threshold values selected by the user. Second, estimates of
MIDs vary depending on the initial condition (pre-score of the respective PROM), and patient
characteristics (e.g., SES), as patients may assess the MID from different perspectives®.
Third, MIDs are population-specific. Fourth, experienced change is asymmetrical: an
improvement from 80 to 90 could be perceived as smaller than the deterioration from
90 to 80. This asymmetry is also likely to depend on the pre-score. Fifth, commonly used
health change questions are retrospective and prone to external biases, such as recall bias
and generally have worse measurement characteristics compared to the PROM scores they
are meant to complement?. Finally, while anchor-based MIDs provide an empirical basis for
defining relevant health changes, they do not capture societal preferences. The distinction
between ‘no improvement’ and ‘slight improvement’ alone does not justify policy change.
To what extent would a patient be willing to sacrifice time, money, or accept health risks
to move from no improvement to slight improvement?
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Consensus-based approaches have also been proposed as methods to arrive at the MID.
These methods may involve Delphi studies or panel discussions to gather expert opinions
and determine or triangulate the MID. However, they are largely affected by the selected
panel members. The earlier-referred panel discussion on SES inequalities that we organized,
shared some similarities with this approach. Although average differences between SES
groups did not always reach currently accepted MIDs/MCIDs, in particular postoperatively,
they were still considered important by panel members.

The use of a living-area-based proxy for individual socioeconomic status
Another challenge is the measurement of individual SES. An area-based proxy, as used in
Chapters 3, 4, and 5, approximates individual SES measures such as household income,
education level and employment; however, it does not correspond 1-on-1%7-*°, Nevertheless,
an area-based measure offers advantages, particularly for small areas, as it captures
relevant environmental SES information while also serving as an indicator of individual
SES. In Chapters 3 and 4, we used an area-based SES indicator linked at the 4-digit postal
code level. This indicator, for example, is known to strongly correlate with measures of
local living quality. Moreover, its statistical explanatory power in socioeconomic studies
is considerable (independent of earlier described factors), which adds credibility to its use
as a valid proxy for individual SES. Finally, an area-based measure of SES avoids additional
registration burden of individual SES measures for the clinician or patient. In our case, the
use of an area-based measure was pragmatic, as individual SES measures are not collected
in the LROL.

Inequalities beyond socioeconomic disparity

We were aware of our omission of other widely accepted health inequality factors,
represented by the PROGRESS-plus acronym. The PROGRESS core set includes place of
residence, race/ethnicity, occupation, gender/sex, religion, education, socioeconomic status,
and social capital. While some of these factors may be indirectly captured through our area-
based SES measure, we acknowledge that additional inequalities and underlying mechanisms
linked to these variables likely exist, either coinciding or interacting alongside SES.

Measurement error of PROMs

In Chapter 4, SES inequalities in a range of PROMs in THA/TKA patients were explored. The
largest negative difference by SES was observed in measures of joint functioning, pain, and
quality of life. However, this did not translate to worse overall general health as measured
by the EQ Visual Analogue Scale (VAS) or to greater dissatisfaction among patients with low
SES. One potential explanation is the phenomenon of reporting heterogeneity (RH), which
refers to the tendency of individuals to interpret questions or response scales of PROMs
differently. The EQ VAS and satisfaction questionnaires may be disproportionately impacted
by RH. Current LROI data do not allow for a definitive conclusion on the presence of RH.
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The findings underline that, in the evaluation of inequalities, the choice of instrument can
significantly affect the degree of the observed inequalities. One method to assess RH is by
collecting external anchoring vignettes, for example, from a random sub-sample of patients
captured in QRs*°. A vignette briefly describes a hypothetical situation regarding a patient’s
life and disease, with particular attention to the measured health domains (e.g., OHS/OKS
or EQ-5D). By asking patients to rate the same hypothetical situation, one can estimate for
each patient how much their report of their own health status on the domains of interest
deviates from what respondents normally would rate. This deviance in reporting can then
be adjusted for, providing a better estimate of the objective change in self-reported health.

FUTURE PERSPECTIVES

PROMs in quality of care

Looking ahead, the routine application of PROMs holds promising potential to transform
orthopedic care. However, merely collecting of PROMs data does not improve the quality
of care. It requires a coordinated effort from researchers, clinicians, and other stakeholders
to translate these data into quality improvements. Their use in routine clinical care should
be rigorously tested, and areas or patient populations where PROMs are effective (or
ineffective) in improving patients outcomes should be identified.

Attention should also be directed toward the cost-effectiveness of these applications, as
collecting PROMs data under secure conditions is labor-intensive and costly. This aspect
was not addressed in our review, as it was not included in our search criteria®. The selection
and procurement of PROMs and other potential explanatory data for various purposes is
a complex endeavor. Effective reuse of data, combined with a stepwise implementation
in successful areas, appears to be the best approach, as it helps reduce relative costs
and serves the best interest of patients. Overall, insurers could play a significant role in
stimulating and funding these initiatives, as they may result to better outcomes for all.

Successful applications include innovative shared-decision making tools such as the ‘Patients
Like Me’ tool (LROI)%2. The addition of an educational component to this tool presents an
opportunity for improvement. Overall, studies employing shared-decision making tools have
found enhanced decision quality; future research should clarify whether this translates into
less variation in PROMs after surgery. Additionally, the impact of these tools on patient-
reported experience measures (PREMs) should also be investigated.

Another promising area is the integration of PROMs into eHealth applications that combine
educational material with wound imaging features to improve the monitoring of short-
term surgical recovery. Future studies should focus on defining clear strategies for when
a symptom or combination of symptoms is considered ‘abnormal’ and requires clinical
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attention. While the integration of PROMs with other data has the potential to improve
quality of care at the meso-/macro-level, evidence supporting this is currently lacking.
There is an urgent need for practical applications at this level, such as their incorporation
into clinical dashboards alongside other clinical outcome data and their use in quality
improvement cycles (e.g., PDCA).

Integration with existing processes is essential. Any newly added questionnaires should be
well justified, particularly those intended for micro-level use. Moreover, their collection
must be streamlined to minimize the burden on both patients and providers, especially since
patients already complete pre- and post-operative PROMs for many orthopedic procedures.
‘Patient journey’ apps have the potential to efficiently incorporate these questionnaires,
centralizing all assessments and enhancing the user experience. Such apps also enable both
patients and providers to view their PROM results, which can lead to increased engagement
and reduce the perceived questionnaire burden.

Socioeconomic inequalities in healthcare

PROMs collected in the Dutch implants registry LROI have proven valuable for studying
socioeconomic inequalities in orthopedic outcomes. They offer opportunities to unravel the
sources of observed inequalities in order to determine ways to reduce them. One approach
may be to gather information on potential drivers and assess their role in inequality
pathways. Ideally, LROI data should be enhanced to achieve this goal. The LROI will launch
a modular registry in the near future, which could facilitate the collection of additional
information on inequality measures and intermediary factors in a subset of Dutch orthopedic
hospitals. This initiative might provide strong evidence for identifying which targets should
be prioritized to reduce inequalities. Traditionally, targets have been approached from
the patient perspective (e.g., the patient lacks understanding); however, attention should
also be directed toward the provider perspective (e.g., the doctor insufficiently explains
information). Furthermore, pursuing data linkage as described earlier, while maintaining the
anonymity and privacy of individual patients, could aid in identifying targets and improving
overall quality of care.

At the same time, we should consider investing in the development of an ‘intervention’
aimed at reducing inequalities. One potential approach is an integrative approach that
acknowledges the complexities of determinants of inequalities, and their interactions.
This recognition has been identified as one of the most significant barriers to successful
inequality-reducing interventions in general®. A centralized platform, potentially hosted
under the Dutch Orthopedic Society (Dutch translation: NOV) could manage, facilitate,
and coordinate different stakeholders across various levels to target multiple potential
drivers of inequalities. The orthopedic patient’s journey typically begins with the onset
of osteoarthritis and may culminate in arthroplasty. However, it is essential to recognize
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that many osteoarthritis patients never require such procedures. Throughout this journey,
patients interact with various healthcare providers, including general practitioners,
physiotherapists, and orthopedic surgeons. A coordinating platform could enable these
stakeholders to collaborate in addressing inequalities, potentially yielding synergistic effects.

In this integrative network, the orthopedic surgeons could take on a leadership role, which
aligns with the growing trend of orthopedic specialists becoming more actively involved in
preventative care, promoting mobility, and encouraging physical activity. Developing and
implementing new interventions to reduce inequalities can be costly and often necessitates
layering these interventions on top of existing ones. An integrative platform would modify
the existing healthcare system, empowering relevant care providers to take a leadership
role in reducing inequalities, facilitates mutual learning, and specifically evaluating and
implementing multiple (existing) interventions for inequality reduction simultaneously.
Ultimately, this approach may prove to be relatively more cost-effective.

FINAL REMARKS

This thesis has illustrated the potential use of PROMs to improve quality of care in
orthopedics. Our research, along with that of colleagues, highlights the potential of
novel PROM applications, such as shared-decision making and monitoring tools. In these
applications, PROMs data serve as valuable complement to, rather than replacement for,
other essential data such as clinical parameters and symptom inventory lists. Importantly,
the findings demonstrate the value of PROMs in elucidating socioeconomic inequalities.
The findings underscore the need for targeted interventions to reduce these inequalities.
Moreover, PROMs were effective to gain insight into the impact of a national event, namely
the COVID-19 pandemic, on orthopedic outcomes.

However, methodological challenges remain, including the interpretation of clinical
relevance, and identifying and accounting for potential sources of bias, such as reporting
heterogeneity. Continued effort should be put toward providing examples of the effective
use of PROMs data and methods to address such methodological challenges, paving the way
for PROMs to have an even greater impact on improving patient-centered care in the future.
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ENGLISH SUMMARY

Patient-Reported Outcome Measures (PROMs) are self- or proxy-reported questionnaires
that assess the experienced burden of disease and/or quality of life. They play a major role in
evaluating the effectiveness of interventions. Currently, the World Health Organization and
other global bodies advise incorporating PROMs throughout health systems, as they offer a
deeper understanding of what truly matters to the patient and are thus important reflectors
of quality of care. The field of orthopedics has also responded to this call, and PROMs now
form an important outcome in the evaluation of quality of care alongside other clinical
metrics such as revision rates. Over time, PROMs have become an essential component
of quality registries (QRs) alongside other outcome data, and patient and procedure
characteristics. In the Netherlands, the Dutch Arthroplasty Registry (LROI) was founded in
2007 and has collected PROMs since 2014. Extensive efforts from all relevant personnel
and stakeholders have resulted in high-quality registry data. This thesis illustrates how
orthopedic QR PROM data can be used in routine clinical care applications and empirical
research to identify opportunities for enhanced quality of care. Moreover, it addressed
specific methodological challenges in this context.

In Chapter 2, we conducted a systematic review on the impact of PROMs in routine clinical
care applications, with our scope not restricted to orthopedics alone. At the micro- (patient)
level, routine PROM application has matured notably, and various patient communication,
symptom screening, and monitoring initiatives have been found to positively affect patient
outcomes. Applications at the meso- (organizational) and macro-level (national), such as
comparing the performance of providers or insurance parties using PROMs, are still in
their infancy. Specific effective examples in orthopedics were highlighted. First, we found
several studies effectively using PROM s in shared decision-making tools to inform patients
undergoing knee arthroplasty, thereby improving their decision quality regarding whether
to undergo the procedure. One study successfully employed a plan-do-check-act cycle to
evaluate the implementation of a novel knee prosthesis in a national healthcare system.
Determinants of PROM applications that were associated with an increased chance of
success were also identified, such as a clear link between the PROM application and clinical
actions and/or care pathways.

In the subsequent chapters, we shifted towards empirical research applications to illustrate
the potential of PROMs and to identify opportunities for improved orthopedic care. We
conducted several studies on the presence of socioeconomic inequalities and on the impact
of the COVID-19 pandemic on orthopedic outcomes.

In Chapter 3, we conducted a national (Dutch) study using LROI data on socioeconomic
inequalities in PROMs of Total Hip and Knee Arthroplasty (THA, TKA) patients with the
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indication of osteoarthritis. An area-based measure of socioeconomic status (SES) indicator
based on neighborhood income, unemployment rate, and education level was used as the
exposure variable. The main outcomes were the EQ-5D reflecting the general quality of
life, and the Oxford Hip/Knee Score (OHS/OKS) reflecting joint pain and functioning. The
PROMs obtained were measured preoperatively and at 12-month follow-up. We discerned
two pathways to inequalities. Firstly, deprived patients had lower quality of life and joint
functioning before surgery, indicating a selection effect either by patient or provider. These
differences decreased but persisted when measured using 12-month follow-up PROMs.
These findings indicated that deprived patients experience a worse recovery trajectory. This
result enables a more precise definition of targets for decreasing socioeconomic inequalities
in the future.

In Chapter 4, we used the same dataset as in Chapter 3 to study how SES inequalities
manifest across various PROMs and which domains were most affected in THA and TKA
patients. We additionally obtained, in addition to the abovementioned PROMs, the EQ
Visual Analogue Scale (VAS) which represents overall experienced health and Numerical
Rating Scales (NRS) for pain in the joint. Moreover, an NRS satisfaction with the undergone
procedure was obtained, available for TKA patients only at 12-month follow-up. The
findings revealed that SES inequalities varied across different PROM instruments. Deprived
patients experienced similar negative differences on the EQ-5D and OHS/OKS, although the
difference on the OKS in TKA patients was larger compared to the EQ-5D preoperatively.
NRS for pain demonstrated differences comparable to those of the EQ-5D and OKS The EQ
VAS showed smaller differences by SES, compared to EQ-5D and OHS/OKS, NRS satisfaction
showed no inequality at 12 months for TKA patients. Domain analysis of the EQ-5D revealed
that usual activities explained up to 46% of differences in both THA and TKA patients,
while anxiety/depression had a limited role (up to 17%). For OHS/OKS, functioning was
more impacted in THA (up to 61%) and pain in TKA (up to 68%), especially at 12 months.
The findings illustrate that deprived patients experience worse joint functioning, pain, and
quality of life. Yet, this did not translate into deprived patients rating their overall general
health as worse or experiencing dissatisfaction with the arthroplasty received. Future
research should explore whether PROMs like EQ VAS and satisfaction scales accurately
reflect true inequality-related effects or are disproportionally affected by measurement
error such as differential interpretation of wording.

In Chapter 5, we broadened our view of inequalities by studying the role of socioeconomic,
patient, and hospital characteristics in the perioperative utilization of peripheral nerve
blocks (PNBs) in THA and TKA patients from the United States. We found that, contrary to
our hypotheses, socioeconomic variables including SES and race/ethnicity had limited to no
effect. Rather, practice variation was the result of clinical (e.g., less use in semi- and non-
elective arthroplasty) and hospital characteristics. These findings emphasized individual
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and practice variations in PNB use. Subsequently, the association between PNB utilization
and complication rates, readmission rates, and length of stay was analyzed, controlling for
potential confounders. In TKA, PNB use was associated with reduced complications and
length of stay; this association was not found in THA. The findings emphasize the need for
more standardized provision of PNBs. Moreover, more detailed information is needed to
conclude what the drivers are (e.g., financial and time incentives or the role of specialist
training).

In Chapter 6, we conducted a national (Dutch) study using LROI data on the impact of the
COVID-19 pandemic and lockdown on PROMs in THA and TKA patients, for any indication.
We again obtained data on the EQ-5D and OHS/OKS. We found that during the COVID-19
lockdown, THA patients had slightly worse preoperative quality of life and joint functioning,
suggesting the selection of patients with greater urgency. This effect was not present in TKA
patients, for which we did not have an explanation. Postoperative outcomes hardly differed,
indicating that the recovery trajectory after arthroplasty was probably not affected by the
COVID-19 pandemic or lockdown.

In Chapter 7, we studied a methodological issue pertaining to the longitudinal follow-up of
quality of life from adolescence into adulthood. We collected and compared a child-specific
(EQ-5D-Y-5L) and an adult (EQ-5D-5L) generic quality of life instrument in adolescents with
Adolescent Idiopathic Scoliosis (AIS) receiving bracing therapy. We specifically tested
whether they were equivalent, and whether they performed similarly regarding important
instrument characteristics. While they were similar in terms of validity and test-retest
reliability, differences in score distribution were present. Taken together, we advise using
the EQ-5D-5L to monitor the quality of life in adolescent patients with AlS, as this avoids
switching instruments and which would create data discontinuities when patients transition
from adolescence into adulthood (>17 year of age).

In Chapter 8, we provide a general discussion of the above-mentioned chapters, specifically
on three topics, namely quality of care, socioeconomic inequalities, and methodological
challenges in these contexts. Some highlights include the following.

Quiality of care: In terms of routine clinical care applications of PROMs, the identified shared
decision-making tools and post-operative monitoring apps (micro-level) show promise but
require further evaluation. In particular, it is unclear whether improved decision quality will
also improve patient outcomes such as quality of life. At the meso-/macro-level, evidence
is scarce, and we are in need of examples of how to employ PROMs at this level, supporting
or refuting their effectiveness.
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Socioeconomic inequalities: PROMs provided insights into mechanisms underlying
inequalities. However, we lack knowledge about intermediary determinants driving
inequalities. An example may be that patients with low SES have worse health literacy,
which reflects an individual’s knowledge and capability to navigate a healthcare system.
Moreover, provider-related factors may play a role, such as the (unconscious) selection of
optimal candidates for arthroplasty by the provider. We provided a potential long-term
strategy for reducing inequalities in orthopedics.

Methodological challenges: One issue we encountered across most of our studies was
determining the clinical relevance of differences in PROMs and PROM changes. Advice is
provided on how to approach this issue, particularly in in the context of measurement of
inequalities.

Final remarks

This thesis used PROM data to identify opportunities for enhanced clinical practice in
orthopedic surgery while deepening our understanding of their application in this field.
Novel PROM applications were highlighted, such as shared decision-making tools and
monitoring of recovery after surgery using eHealth apps. Moreover, we showed how PROMs
can be used to elucidate socioeconomic inequalities in orthopedic outcomes. The findings
underscored the need for more research into underlying determinants of these inequalities
and the need for targeted interventions to reduce these differences. Methodological
challenges remain, including the interpretation of clinical relevance and accounting for
potential bias due to measurement error. Continued effort should be put toward providing
examples of effective use of PROMs data and methods to address such methodological
challenges. This will aid in further paving the way for PROMs to have an even greater impact
on patient-centered care.
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DUTCH SUMMARY

Patiént Gerapporteerde Uitkomstmaten (Engelse afkorting: PROMs) zijn door de patiént
zelf of als dat niet kan ouders of begeleiders (‘proxy’)-gerapporteerde vragenlijsten die
de ervaren ziektelast en/of levenskwaliteit beoordelen. Ze spelen een belangrijke rol in
het evalueren van de effectiviteit van behandeling. De Wereldgezondheidsorganisatie en
andere instanties adviseren om PROMs in gezondheidssystemen op te nemen als indicator
voor kwaliteit van zorg, omdat ze een beeld geven wat echt belangrijk is voor de patiént.
Ook in de orthopedie wordt veel gebruik gemaakt van PROMs. Naast andere klinische
uitkomsten zoals revisie risico vormen PROMs inmiddels een belangrijke uitkomst in de
evaluatie van de kwaliteit van zorg. PROMs zijn ook een essentieel onderdeel geworden
van kwaliteitsregistraties (Engelse afkorting: QRs). De Landelijke Registratie Orthopedische
Implantaten (LROI) is in 2007 opgericht. Sinds 2014 verzamelt de LROI ook PROMs. Dagelijkse
inspanningen van alle relevante medewerkers en belanghebbenden hebben geresulteerd
in hoge kwaliteit registergegevens. Dit proefschrift toont aan hoe PROM-gegevens in
orthopedische QRs gebruikt kunnen worden in routinematige klinische zorg maar ook in
empirisch onderzoek om de kwaliteit van de zorg te verbeteren. Daarnaast worden enkele
methodologische uitdagingen in deze context bestudeerd.

In hoofdstuk 2 wordt een systematische review besproken, uitgevoerd naar de impact
van PROMs in routinematige klinische zorgtoepassingen, waarin we naast de orthopedie
ook keken in andere specialismen. Op micro- (patiént) niveau is de routinematige
toepassing van PROMs aanzienlijk ontwikkeld. Van verschillende initiatieven op het gebied
van patiéntcommunicatie, symptoom screening en monitoring is een positief effect op
patiéntuitkomsten vastgesteld. Toepassingen op meso- (organisatorisch) en macro-niveau
(nationaal), zoals het vergelijken van uitkomsten van zorgverleners of verzekeringspartijen
met behulp van PROMs, staan nog aan het begin van verdere ontwikkeling. Specifieke
effectieve voorbeelden in de orthopedie worden uitgelicht. Ten eerste vonden we
verschillende onderzoeken waarin PROMs effectief werden gebruikt in tools om mogelijke
kandidaten voor een knie prothese te informeren en gezamenlijke besluitvorming te
faciliteren. De tools leken de kwaliteit van besluitvorming over het doel van de voorgestelde
ingreep te verbeteren. Eén onderzoek paste met succes PROMs toe in een plan-do-
check-act cyclus toe om de implementatie van een nieuwe knieprothese in een nationaal
gezondheidszorgsysteem te evalueren. Determinanten van PROM-toepassingen die leiden
tot een verhoogde kans op effectiviteit werden ook geidentificeerd, zoals een duidelijke
link tussen de PROM toepassing en klinische acties en/of zorgpaden.

In de overige hoofdstukken komen empirische toepassingen van PROMs aan de orde om het

potentieel daarvan te illustreren en om mogelijkheden voor verbeterde orthopedische zorg
te identificeren. We hebben verschillende onderzoeken uitgevoerd naar de aanwezigheid
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van sociaal-economische ongelijkheden en naar de impact van de COVID-19 pandemie op
orthopedische uitkomsten.

In hoofdstuk 3 presenteerden we een landelijke (Nederlandse) studie uit met LROI gegevens
naar socio-economische ongelijkheden in PROMs van patiénten die een Totale Heup of
Knie Prothese (THP, TKP) kregen voor artrose. Een wijk-indicator voor sociaal-economische
status (SES), gebaseerd op buurtinkomen, werkloosheidspercentage en opleidingsniveau,
werd gebruikt als blootstellingsvariabele. De hoofduitkomsten waren de EQ-5D en de
Oxford Hip/Knee Score (OHS/OKS), die respectievelijk de algemene kwaliteit van leven
en pijn/functioneren van het gewricht weerspiegelen. We ontdekten twee onderliggende
mechanismen die ten grondslag liggen aan ongelijkheden. Ten eerste hadden patiénten
met een lagere (SES) een lagere kwaliteit van leven en een lagere score ten aanzien van
het functioneren van het gewricht vddr de operatie in vergelijking met patiénten met een
hogere SES. Dit zou kunnen passen bij een mogelijk selectie-effect door de patiént of de
zorgverlener. Daarnaast hadden patiénten met een lagere SES, lagere scores na de operatie.
Dit kan passen bij een slechter hersteltraject, alhoewel dit verschil kleiner was dan het
preoperatieve verschil. Deze bevindingen maakt het mogelijk om nadere doelen te stellen
om SES ongelijkheden in de toekomst te verminderen.

In hoofdstuk 4 gebruikten we dezelfde dataset als in hoofdstuk 3 om te onderzoeken hoe
SES-ongelijkheden zich manifesteerden in verschillende PROMs en welke domeinen het
meest werden beinvloed bij THP en TKP patiénten. Naast de eerder genoemde PROMs
hebben we ook de EQ Visual Analogue Scale (VAS) voor algemene ervaren gezondheid en
Numerieke Beoordelingsschalen (NRS) voor gewrichtspijn gebruikt. Bovendien werd een
NRS voor tevredenheid met de uitgevoerde ingreep verkregen. Die was alleen beschikbaar
voor TKP patiénten bij de 12-maand follow-up. Onze bevindingen toonden aan dat SES-
ongelijkheden verschilden tussen PROM-instrumenten. Patiénten met een lagere SES
vertoonden vergelijkbare negatieve verschillen op de EQ-5D en OHS/OKS, hoewel het
verschil op OKS bij TKP patiénten preoperatief groter was dan bij EQ-5D. Patiénten met
een lagere SES vertoonden kleinere verschillen op de EQ VAS in vergelijking met de EQ-5D
en OHS/OKS. NRS voor pijn toonde verschillen die vergelijkbaar waren met EQ-5D en OKS,
terwijl NRS voor tevredenheid geen ongelijkheid liet zien na 12 maanden follow-up bij TKP
patiénten. Domeinanalyse van de EQ-5D toonde dat dagelijkse activiteiten tot 46% van
de verschillen verklaarden bij zowel THP als TKP patiénten, terwijl angst/depressie een
beperkte rol speelde (tot 17%). Bij OHS/OKS werd het functioneren meer beinvlioed bij
THP (tot 61%) en pijn bij TKP (tot 68%), vooral na 12 maanden. De bevindingen illustreren
dat patiénten met een lagere SES slechter functioneren van het gewricht, meer pijn en
een lagere kwaliteit van leven ervaren. Dit vertaalde zich echter niet in een slechtere
beoordeling van hun algemene gezondheid of ontevredenheid over de ontvangen THP/TKP.
Toekomstig onderzoek moet onderzoeken of PROMs zoals EQ VAS en tevredenheidsschalen
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nauwkeurig de werkelijke ongelijkheid-gerelateerde effecten weergeven of onevenredig
worden beinvlioed door meetfouten, zoals verschillen in interpretatie van de vraagstelling.

In hoofdstuk 5 hebben we onze kijk op ongelijkheden verbreed door de rol van sociaal-
economische, patiént- en ziekenhuiskenmerken te bestuderen in het perioperatieve
gebruik van perifere zenuwblokkades (Engelse afkorting: PNBs) in THP en TKP patiénten
in de Verenigde Staten. We ontdekten dat, in tegenstelling tot onze hypothesen, sociaal-
economische variabelen waaronder SES en ras/etniciteit weinig tot geen effect hadden.
Praktijkvariatie was eerder het gevolg van klinische (bijv. minder gebruik voor semi- en niet-
electieve indicaties) en ziekenhuiskenmerken. Deze bevindingen benadrukten individuele
en praktijkvariaties in het gebruik van PNB. De impact van PNBs op complicatie aantallen,
heropnames en duur van opname werd geanalyseerd, rekening houdend met mogelijke
confounders. In TKP bleek PNB gebruik te associéren met verminderd aantal complicaties en
kortere duur van opname; deze associatie werd niet gezien in THP patiénten. De bevindingen
benadrukken de noodzaak voor meer gestandaardiseerde toepassing van PNBs. Er is meer
gedetailleerde informatie nodig om conclusies te kunnen trekken over onderliggende
oorzaken (bijv. financiéle en tijdsprikkels of de rol van training van de specialist).

In hoofdstuk 6 bespreken we een nationaal (Nederlandse) onderzoek met LROI gegevens
naar de impact van de COVID-19 pandemie en lockdown op PROMs in THP en TKP patiénten,
voor elke indicatie. Opnieuw gebruikten we de EQ-5D en OHS/OKS. We ontdekten dat THP
patiénten tijdens de COVID-19 lockdown een iets slechtere preoperatieve kwaliteit van leven
en gewricht functioneren hadden wat zou kunnen passen bij selectie van patiénten die een
grotere urgentie voor de ingreep hadden. Dit effect was niet aanwezig bij TKP patiénten
waarvoor we geen verklaring hebben. Postoperatieve uitkomsten verschilden nauwelijks.
Dit geeft aan dat het hersteltraject na de operatie waarschijnlijk niet of nauwelijks beinvlioed
werd door de COVID-19 pandemie of de lockdown.

In hoofdstuk 7 hebben we een methodologisch probleem met betrekking tot de
longitudinale follow-up van kwaliteit van leven van adolescentie naar volwassenheid
bestudeerd. We bestudeerden dit probleem in adolescenten met Adolescente Idiopathische
Scoliose (AlS) die hiervoor een brace droegen. We verzamelden twee varianten van een
generiek kwaliteit van leven instrument, één gericht op kinderen (EQ-5D-Y-5L) en de ander
op volwassen (EQ-5D-5L). Vervolgens vergeleken we de varianten onderling en hebben
we specifiek getest of ze equivalent waren, en of de één het beter deed dan de ander op
instrument karakteristieken. Hoewel ze vergelijkbaar waren wat betreft validiteit en test-
hertest betrouwbaarheid, waren er verschillen in de verdeling van de scores aanwezig. Alles
bij elkaar genomen, kwamen we tot het advies de EQ-5D-5L te gebruiken om de kwaliteit
van leven te monitoren in adolescente patiénten met AlS. Dit voorkomt de noodzaak om te
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wisselen van instrument, en daarmee discontinuiteit in data wanneer patiénten overgaan
van adolescentie naar volwassenheid (>17 jaar oud).

In hoofdstuk 8 volgt een algemene bespreking van de bovengenoemde hoofdstukken,
specifiek gericht op drie onderwerpen: kwaliteit van zorg, sociaal-economische
ongelijkheden en methodologische uitdagingen in deze contexten. Kort weergegeven:

Kwaliteit van zorg: De geidentificeerde tools voor gedeelde besluitvorming en apps voor
postoperatieve monitoring (micro-niveau) lijken veelbelovend, maar vereisen verdere
evaluatie. Het is vooral onduidelijk of verbeterde besluitvorming ook patiéntuitkomsten
zoals kwaliteit van leven zal verbeteren. Op meso-/macro-niveau is het bewijs schaars en
zijn voorbeelden nodig van hoe PROMs effectief kunnen worden ingezet.

Sociaal-economische ongelijkheden: PROMs gaven inzicht in onderliggende mechanismen
van ongelijkheden. We missen echter kennis over de tussenliggende determinanten. Een
voorbeeld is dat patiénten met lage SES mogelijk verminderde gezondheidsvaardigheden
hebben. Ook kunnen zorgverlener-gerelateerde factoren een rol spelen, zoals (onbewuste)
selectie van optimale kandidaten voor THP/TKP. Een langetermijnstrategie voor het
verminderen van ongelijkheden in de orthopedie wordt in dit hoofdstuk besproken.

Methodologische uitdagingen: één van de terugkerende uitdagingen in onze studies was
het bepalen van de klinische relevantie van verschillen in PROMs en PROM-veranderingen.

Slotopmerkingen

Dit proefschrift heeft PROMs gebruikt om kansen voor verbeterde kwaliteit van
orthopedische zorg te identificeren, alsmede onze kennis van het gebruik van PROMs in deze
context te vergroten. Nieuwe PROM toepassingen werden belicht, zoals tools voor gedeelde
besluitvorming en het monitoren van het herstel na een operatie door middel van eHealth-
apps. Daarnaast hebben we besproken hoe PROMs gebruikt kunnen worden om sociaal-
economische ongelijkheden in orthopedische uitkomsten uit te diepen. De bevindingen
onderstrepen de noodzaak voor onderzoek naar onderliggende determinanten van deze
ongelijkheden, en noodzaak voor gerichte interventies om deze verschillen te verkleinen.
Er blijven methodologische uitdagingen bestaan, waaronder de interpretatie van klinische
relevantie en mogelijke bias door meetfouten. Er zijn meer voorbeelden en analyses
nodig over het effectief gebruik van PROM gegevens en methoden om bovengenoemde
methodologische uitdagingen aan te pakken. Dit draagt er aan bij dat PROMs in de toekomst
een nog grotere bijdrage kunnen hebben aan patiéntgerichte zorg.
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hip and knee arthroplasty patients for osteoarthritis’
Osteoarthritis Research Society International annual conference,
Denver, USA

05-2023 ‘Socioeconomic inequality in self-reported outcomes of Dutch primary 1
hip and knee arthroplasty patients for osteoarthritis’
ISAR annual conference, Montreal, Canada

06-2024 ‘Socio-economic, patient, and hospital determinants for the utilization 1
of peripheral nerve blocks in total joint arthroplasty — a United States
experience’
Combined 61st Nordic Orthopaedic Federation (NOF) Congress and
NOV annual conference, Rotterdam, The Netherlands

06-2024 ‘A comparison of the adult and youth version of the EQ-5D-5L in 1
adolescents with idiopathic scoliosis’
Combined 61st NOF Congress and NOV annual conference, Rotterdam,
The Netherlands

03-2023 Discussant for ‘Does perspective really matter in proxy-reported 0.3
outcomes assessment? A head-to-head comparison of two proxy
versions for EQ-5D-Y-3L and EQ-5D-Y-5L in paediatric Asthma patients’
EuroQol Academy conference, Milan, Italy
Poster presentations

03-2023 ‘Analysing socio-economic health inequalities using self-reported 0.5
outcomes - an example using Dutch primary hip and knee’
EuroQol Academy conference, Milan, Italy

03-2024 ‘The use of patient-reported outcome measures to improve quality of 0.5
care — a systematic review’
EuroQol Academy conference, Copenhagen, Denmark

04-2024 ‘A comparison of the adult and youth version of the EQ-5D-5L in 0.5

adolescents with idiopathic scoliosis’
Sophia Research Day, Rotterdam, The Netherlands

257




Appendices

(Inter)national conferences

All conferences/meetings described above were attended.
10-2023 EuroQol Plenary Meeting, Rome, Italy 0.5
11-2024 EuroQol Plenary Meeting, Noordwijk, The Netherlands 0.5

Department meetings

2022-2024 Bi-weekly evidence-based espresso (journal club, discussing a scientific 1.5
paper
2022-2024 Weekly clinical education on various topics 1.5

Miscellaneous

2021-2023 Promeras 2
Treasurer at Promeras, a PhD student representative body at Erasmus
MC. Within Promeras, | co-initiated the Career Development Working
Group, organizing 1-2 events focussed on career development per year.
2022-2024 EuroQol PhD Network 3
Cofounded the EuroQol PhD Network in 2022. As of now we have
~40 PhD-student members working on EuroQol projects, and ~100
additional participants registered for our newsletter. We have
approximately 10 educational webinars a year, and various other
activities, aimed at teaching peers, facilitating networking among
researchers, and provide PhD support in a broad sense if needed.

2023 Organization of ski-trip Orthopedics and Sports Medicine at EMC 0.5

2024 Organization of ski-trip ROGO Rotterdam (EMC, ETZ, RHOC) 0.5
Teaching

2022 Supervising bachelor students performing a systematic review 0.5

2023 Minor ‘Orthopedie & Sportgeneeskunde’, tutoring writing assignment 0.8

2021 - 2024 Teaching master students doing their mandatory research program fortheir 0.5
master (e.g., medicine), specifically statistics and research methodology

Supervising Master’s theses and students

2023 Supervision of Tim Dings Health, Economics, Policy and Law master- 1.5
thesis (head-to-head comparison of the EQ-5D adult and youth in an
adolescent scoliosis population treated with a brace).

2021-2022 Supervision of master student (medicine), mostly on methodology 1.5
and analyses (N. Harlianto, Statistical Shape Modelling (SSM) on hip
ultrasound, collaboration with dr. R. Sakkers (UMCU))

2022-2023 Supervision of master student (medicine), mostly on methodology/ 1
analyses (L. Marle, SSM on hip ultrasound, collaboration with dr. R.

Sakkers (UMCU))

Total 435

European Credit Transfer and Accumulation System, ECTS
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List of abbreviations

LIST OF ABBREVIATIONS

AIS = Adolescent Idiopathic Scoliosis

AMD = Adjusted Mean Difference

APERSU = Alberta PROMs and EQ-5D Research and Support Unit
ASA = American Society for Anesthesiologists

BMI = body mass index

BrQ = Brace Questionnaire

CBS = ‘Centraal Bureau voor de Statistiek’ (Statistics Netherlands)
CDSH = Commission on Social Determinants of Health

Cl = confidence interval

CMS = Centers for Medicare and Medicaid Services

COSMIN = COnsensus-based Standards for the selection of health Measurement Instruments
CPT = Current Procedural Terminology

EQ-5D = a concise, generic measure of self-reported health

GDPR = General Data Protection Regulation

GP = General Practitioner

GROC = Global Rating of Change

HOOS-PS = Hip dysfunction and Osteoarthritis Outcome Score Physical Short-Form
HRQolL = Health-Related Quality of Life

ICC = Intraclass Correlation Coefficient

ICD = International Classification of Diseases

ICMJE = International Committee of Medical Journal Editors

IPPS = Inpatient Prospective Payment System

IQR = Interquartile Ranges

KOOS-PS = Knee Injury and Osteoarthritis Outcome Score Physical Short-Form
LROI = Dutch Arthroplasty Register

LSS = Level Sum Score

MCID = Minimal Clinically Important Difference

MID = Minimal Important Difference

NHS = National Health Service

NOV = Dutch Orthopedic Association

NRS = Numerical Rating Scale

OA = osteoarthritis

OECD = Organization for Economic Cooperation and Development
OHS = Oxford Hip Score

OKS = Oxford Knee Score

OR = odds ratio

PAR = Population Attributable Risk

PDCA = plan-do-check-act (cycle)
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PNB = Peripheral Nerve Block

PREM = Patient-Reported Experience Measures

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROM = Patient-Reported Outcome Measure

QALY = Quality adjusted life year

QR = Quality Registries

RH = Reporting Heterogeneity

SCP = ‘Sociaal Cultureel Planbureau’ (Netherlands Institute for Social Research)
SD = Standard Deviation

SDI = Social Deprivation Index

SES = Socioeconomic Status (or Socio-Economic Status)

STROBE = Strengthening the Reporting of Observational Studies in Epidemiology
THA = Total Hip Arthroplasty

TKA = Total Knee Arthroplasty

UK = United Kingdom

US = United States

VAS = Visual Analogue Scale

WHO = World Health Organization
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