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Summary
Rising costs in the Swiss healthcare system are a pervasive topic today. However, the

quality of care remains on a relatively stable level in Switzerland. The question,
therefore, arises whether all services provided in the healthcare system are to the
patient’s benefit or whether treatments are provided that do not benefit the patient,
cause harm, incur additional costs, and waste scarce healthcare resources—a

phenomenon known as low-value care (LVC).

Against this backdrop, this dissertation proposes a framework based on three pillars
to identify and tackle LVC. The ultimate research objective is to amplify the patient’s
perspective to impede LVC.

The first pillar considers the identification of LVC in routine and claims data. Here,
anovel approach for the identification of LVC is developed. The second pillar focuses
on the enhanced usefulness of patient-reported outcomes (PROs) and how their
adoption in clinical practice can be further enhanced. Here, the application of PROs
is examined and it is shown what is needed for their accurate interpretation and
adoption in clinical practice for utilizing these measures to counteract LVC. The third
pillar completes the framework by investigating the patient’s health literacy (HL) and
associated factors. HL is one primary lever for increased self-management
capabilities. Improved HL empowers patients to adhere to treatment regimens,
averting adverse outcomes and mitigating instances of LVC. Within this pillar it is
shown which factors are associated with the patient's HL and thereby enables for

possible management of HL.

Thus, this dissertation provides a comprehensive framework for addressing the
identification of LVC and how the patient’s perspective, instantiated in PROs and HL,
can be leveraged to effectively resolve the challenges of LVC. As this framework
represents a proposition, it is recommended that future research endeavors delve into
the nuanced mechanisms linking LVC with PROs and HL. A thorough exploration of
these relationships will facilitate the development of a sustainable, patient-centered

approach to counteract LVC effectively.
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Zusammenfassung
Steigende Kosten im Schweizer Gesundheitssystem sind heutzutage ein

allgegenwirtiges Thema. Die Versorgungsqualitét in der Schweiz verbleibt jedoch auf
einem relativ stabilen Niveau. Folglich stellt sich die Frage, ob alle im
Gesundheitssystem erbrachten Leistungen dem Patienten niitzen oder ob sie ihm sogar
schaden, zusdtzliche Kosten verursachen, oder knappe Gesundheitsressourcen

verschwenden—ein Phinomen, das als Low-Value Care (LVC) bezeichnet wird.

Vor diesem Hintergrund wird in dieser Dissertation ein Modell zur Identifikation und
Verhinderung von LVC vorgeschlagen, das aus drei Séulen besteht. Das

Forschungsziel ist, die Patientenperspektive stirker zu nutzen, um LVC zu vermeiden.

Die erste Sdule befasst sich mit dem Identifizieren von LVC in Routine- und
Leistungsdaten. Es wird ein neuer Ansatz zur Identifikation von LVC entwickelt. Die
zweite Sdule konzentriert sich auf den erhéhten Nutzen von patientenrapportieren
Ergebnissen (PROs) und der Verbesserung ihrer Einsatzfahigkeit in der klinischen
Praxis. Thre Anwendung wird untersucht und aufgezeigt, was fiir die Interpretation
und Ubernahme in die klinische Praxis zur Verhinderung von LVC erforderlich ist.
Die dritte Sédule vervollstindigt das Modell und untersucht die Gesundheitskompetenz
(HL) der Patienten und die damit verbundenen Faktoren. HL ist ein primérer Hebel
fiir die Verbesserung der Selbstmanagementfahigkeiten. Eine verbesserte HL befahigt
die Patienten, sich an die Behandlungsschemata zu halten, unerwiinschte Ergebnisse
zu vermeiden und Félle von LVC zu vermindern. Es wird aufgezeigt, welche Faktoren
mit der HL des Patienten zusammenhéingen und dadurch deren Management

ermoglichen.

Diese Dissertation bietet somit ein Modell, welches sich mit der Identifikation von
LVC befasst und zeigt, wie die Patientenperspektive, in Form von PROs und HL,
genutzt werden kann, um das Problem von LVC anzugehen. Es handelt sich bei dem
Modell um einen ersten Ansatz. Zukinftige Forschungsbemiihungen sollten sich
nuancierter mit den verbindenden Mechanismen zwischen LVC, PROs und HL
befassen, um die Entwicklung eines nachhaltigen, patientenzentrierten Ansatzes zur

wirksamen Bekdmpfung von LVC zu erleichtern.
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1 Introduction

1.1 Motivation and objectives

The Swiss healthcare system is severely pressured by soaring costs, as reflected
directly in rising health insurance premiums [1-3]. In autumn 2023, the Federal
Council announced a premium increase of 8.7% compared to 2022 [4]. Explanations
for the increasing costs are manifold: the aging population, more outpatient
treatments, more cost-intensive medications, inaccurate incentive mechanisms in the
healthcare systems based on prevailing remuneration models, or increased treatment
inefficiencies [4, 5]. According to the Organization for Economic Co-Operation and
Development (OECD), the Swiss healthcare system is the sixth most expensive
system in terms of GDP [6]. In 2022, the United States of America topped the list
(16.6%), followed by Germany (12.7%), France (11.9%), Japan (11.5%), and Austria
(11.4%). In the same year, Switzerland spent 11.3% of its GDP on healthcare.

As Swiss healthcare costs are relatively high, the healthcare system’s aim must be to
provide good quality of care to sustain the population’s health-related quality of life
(HRQoL). Swiss people’s self-perceived health status is among the highest compared
to other OECD countries. Switzerland ranks fifth (for females) and fourth (for males)
by OECD comparison. Of female inhabitants over the age of 15, 80.5% perceive their
health as good or very good, while 83.3% of their male counterparts report the same
perception [6]. HRQoL and quality of care are interlinked, as the quality of care
influences how the patient recovers and afterward perceives the personal health

status—measured by the HRQoL.

As stated in the revised Health Insurance Act of 2007, the Swiss healthcare system
aims to increase or maintain the quality of care while slowing the steadily increasing
costs [7]. The World Health Organization defines quality of care as “the degree to
which health services for individuals and populations increase the likelihood of
desired health outcomes” [8]. Quality of care can be measured according to three main

categories: structure, process, and outcome quality [9]. Structural quality indicators
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provide information about the systems, processes, and capacities that healthcare
providers put in place to provide high quality of care (e.g., accreditation and
certification, staff qualifications, facility infrastructure). Process quality indicators
deal with the actions taken by healthcare providers to sustain or enhance health,
whether for healthy individuals or for those diagnosed with a medical condition (e.g.,
timeliness of care, adherence to medical guidelines, medication safety)..! Outcome
quality indicators assess the impact of a certain treatment or intervention on an
individual’s health status (e.g., complication rates, mortality rates, readmission rates,
patient satisfaction). Patients’ perception of good quality of care is mostly influenced

by process quality, followed by structural quality [10].

If structural or process quality is insufficient, low-value care (LVC) may occur
because patients do not experience treatment as beneficial, while additional,

unnecessary costs are incurred and limited resources are used.

1.11 Low-value care indicates shortcomings in the current healthcare
system

LVC was first discussed in the late 1990s when a roundtable of US medical experts
concluded that care structures are not optimal for providing high-quality care. Back
then, this phenomenom was not called LVC but “overuse.” The medical experts found
that overuse “occurs when a healthcare service is provided under circumstances in
which its potential harm exceeds the possible benefit” [11]. At the time, the US faced
large-scale problems with the inappropriate use of treatments, which led to direct
negative consequences for patients. To quantify this problem, the above-mentioned
medical experts proposed to measure the value of healthcare services by the achieved

health benefit per dollar spent. Accordingly, they established three main principles:

1 In this dissertation, indication and process quality are subsumed under process quality. A
physician’s adherence to medical guidelines starts when examining and diagnosing a patient.
Both, examining and diagnosing, belong to the indication process and will be covered by
process quality in this dissertation.
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1) Providing effective care to potential beneficiaries; 2) avoiding inappropriate care;
and 3) preventing foreseeable complications. Based on these principles, Chassin et al.
[11] claimed that assessing quality of care requires considering all treatment processes
and the outcome of care. However, in this first definition of LVC, no instruments to
measure quality of care or the patient’s health benefit were provided, but described
the phenomenon in superficial terms. Further definitions have since been developed
(see Table 1.1).

Table 1.1: Definitions of low-value care (LVC)
Definition Source

“Low-value care involves the use of care that is unlikely to benefit the patient [12]

given the cost, available alternatives, and preferences of the patient.”

“An intervention in which evidence suggests it confers no or very little benefit | [13]
for patients, or risk of harm exceeds probable benefit, or, more broadly, the

added costs of the intervention do not provide proportional added benefits.”

“[...] raises costs, causes iatrogenic patient harm, and often interferes with the [14]

delivery of high-value care.”

“Care that is unlikely to benefit the patient given the harms, cost, available [15]

alternatives, or preferences of the patient.”

These definitions highlight the limited benefit of treatment and the potentially
resulting iatrogenic harm (i.e., harm unintentionally induced by a physician or medical
treatment). Other unfavorable consequences include excessive costs and
disproportionate resource consumption. However, treatments identified in one context
as LVC can provide adequate value in another setting: that is, the amount of value

provided varies between patients and across patient groups [16].

LVC covers a broad range of treatments, which—for various reasons— do not create
value for the patient. It therefore needs to be distinguished by type. Three main types
of LVC are evident: 1) inefficient care (i.e., treatment proven to be inefficient in
certain situations); 2) ineffective care (i.e., care proven to be (cost)ineffective in a
specific case); and 3) unwanted care (i.e., the provided care is effective but does not
fit the patient’s preferences) [15]. Especially inefficient care may be seen as one major

driver of the overuse of healthcare resources as services are delivered to patients who
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do not belong to the population benefitting from those services. This phenomenon is

also known as indication creep [13].

To reduce the number of LVC practices, various de-implementation approaches have
been proposed [15, 17-20]. De-implementation describes the process of eliminating
ineffective and harmful medical care to improve patient outcomes and alleviate the
uncurbed rise of healthcare costs [20, 21]. However, LVC de-implementation should
not lead to any compromises in patient outcomes due to lower quality of care [22].
Chan et al. [23] criticized that early research lacks specific definitions of how to
measure overuse of healthcare services; however, the lack of a clear definition is a
common problem of performance measurement in healthcare systems [24]. One
approach that has been promoted involves differentiating “what intervention works
for whom under which circumstances” [25]; thus a treatment’s effectiveness is not
doubted but that treatment must be applied in the right context. Building on the above
understanding of LVC, this dissertation defines LVC services as follows: “LVC are
services that, in an individual context, (a) provide little or no benefit to patients, (b)
potentially cause harm, (c) incur unnecessary costs, and/or (d) waste scarce
healthcare resources compared to the use of alternative services or the application in

an alternative patient group.”

To classify healthcare services as LVC, professional guidelines need to be developed.
Such guidelines require to include the assessment of certain context where services
may be classified as LVC, to enable for the formulation of effective de-
implementation recommendations. One approach for formulating guidelines to de-
implementing LVC is the Choosing Wisely movement [26]. It was founded in the US
in 2012. Medical societies developed lists with treatments that have empirically been
proven to create inappropriate value for patients in specific situations. Switzerland
adopted this concept in 2017 and called it Smarter Medicine [27]. Although they
adopted some Choosing Wisely recommendations, most Swiss medical societies also
developed their own recommendations [28]. In contrast to Choosing Wisely, which
does not limit the number of recommendations, Smarter Medicine provides “Top-5”

lists of the different medical specialties. In the last decade, more countries (e.g., Italy,
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Canada, and Japan) have adopted the Choosing Wisely approach in an attempt to de-
implement LVC services [29].

This one-sided approach to reducing LVC treatments (i.e., only considering the
professional perspective) neglects the potential to achieve sustainable results by
ignoring patients and their subjective evaluation of treatment success. A 2019 review
of studies on LVC de-implementation revealed that most studies target providers by
applying education mechanisms (69%), while only a small number of studies focus
on patients (13%). Additionally, two out of five interventions measured the treatment
outcome based on hospitalization, length of stay, intensive care unit admission, or
mortality. Measuring patient-reported outcomes (PROs) such as quality of life or

patient satisfaction was only considered in 8% of all studies [30].

As research has shown, raising awareness on the importance of de-implementing
LVC, and educating medical experts is not sufficient to achieve sustainable results
[12]. To use a second lever for reducing LVC, the patient should be considered more
actively. For that, patients and their experiences need to be actively engaged in the
shared decision-making with their physician [31] and research teams should assess
their study outcomes according to clinically important and patient-centered measures
[30] to reduce LVC. This goal might also be achieved by including patient-reported
outcome measures (PROMs). PROs may support the physician’s understanding of the
patient’s needs and thereby avoid preference misdiagnosis, which leads to LVC (i.e.,

physicians providing a service unsuitable to the individual patient’s needs) [16].

1.1.2 Patient-reported outcomes as a countermeasure to low-value care

Using PROMs in healthcare is key to ensuring the transition to patient-centered care
[32] and to prioritizing health outcomes that matter to patients [33]. PROMs assess
the patient’s self-reported health status, functional impairments, and disabilities.
Additionally, the nature and severity of symptoms can be reported by means of
standardized survey instruments [34, 35]. Incorporating the patient perspective into
healthcare systems by capturing PROs offers considerable potential to enhance patient

outcomes and quality of life [36—-39] and to use PROs as an additional lever to reduce
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LVC. Collecting PROs complements traditional clinical data by representing a
patient’s assessment of symptoms, physical function, and health-related quality of life
(HRQoL), independently of a physician’s interpretation or that of other healthcare
professionals [40, 41].

Patient-generated health-related data have a threefold potential: (1) to enable patients
to actively engage in their healthcare; (2) to provide healthcare providers with more
insight into their patients; and (3) to ensure more meaningful and structured patient-
provider communication [34, 35, 39, 42, 43]. Growing evidence suggests that
collecting patients’ HRQoL increases healthcare providers’ awareness of patients’
concerns [38, 44] and enhances patient-physician communication without increasing
visit length [45-48]. PROs not only reflect the patient’s health status but also visualize
treatment effectiveness [49, 50]. Further, they enable patients to evaluate their health
status in a valid, reliable, and systematic manner [51-53]. PROs might even encourage
patients to address health issues that are usually not covered in consultations (e.g.,
mental health [44]). However, standardized PRO questionnaires will integrate such

health issues into patient-physician communication [54, 55].

Using PROs can guide individualized patient care [56] as they enable setting goals for
improving health status [42, 57]. Consulting PROs will also allow medical experts to

discuss patients’ treatment expectations and to identify incompatibilities early on [58].

Three main principles need to be followed to increase the likelihood of PROs being
used in clinical practice: (1) short and simple [59-61]; (2) easy to interpret [62], and
(3) available in multiple languages [63]. PROMs can be categorized in several ways.
Al Sayah et al. [64] proposed a taxonomy of PROMSs based on (1) focus, (2) scope,

and (3) type of measurement:

(1) The focus of the measurement indicates how health outcomes are measured.
Patient-reported health outcomes may include symptom burden, functional

status, or health-related quality of life [65].

(2) The scope of measurement consists of generic and disease-specific. Generic
PROMs (e.g., EQ-5D-5L [66, 67], SF-36 [68, 69], or PROMIS [70]) are
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3)

designed to assess a person’s health independent of a particular disease.
Especially beneficial is their capability to compare people’s health status
across a broad range of diseases. However, changes in specific areas of
health are easily missed by applying generic PROMs. Generic PROMs are
complemented by disease-specific PROMs (e.g., WOMAC [53] or
HOOS/KOOS [71-73] for joint arthroplasties or CAT [74, 75] for COPD).
Disease-specific PROMs include disease-specific health issues. Therefore,
Al Sayah et al. [64] recommended combining generic and disease-specific

PROMs to enlarge the scope of assessment as broadly as possible.

The type of measurement accounts for how PRO scores are calculated.
Scores are either profile- or preference-based. The profile approach (applied
in SF-36, or PROMIS) enables assessing one or more health domains with
one or more questions [76]. Profile measures are beneficial when assessing
health or a related aspect on the quality of life to evaluate treatments from a
patient’s perspective. Preference-based instruments (represented in the EQ-
5D-5L) foreground health states or conditions and are usually calculated in
a single multi-domain index score. Besides assessing the patient’s
perspective on the health-related aspects of a specific treatment, preference-
based instruments are suitable to generate utility values for calculating

quality-adjusted life years for health economic evaluations [64].

The PROM instruments need to be implemented in clinical practice to strengthen their

real impact based on analyzing and interpreting PROs. Currently, PROMs are

primarily used in research approaches (e.g., Kuklinski et al. [77], Kuklinski et al. [78],
Hertler et al. [79], Lipscomb et al. [80], Berry et al. [81], Berry et al. [82]), but the

literature advocates an increased use of PROs in clinical practice [83—85].

Today, manifold challenges inhibit applying PROMSs: IT systems must be adapted

[86, 87]; PRO visualization and interpretation need to be simplified [85]; physicians

remain skeptical about the added value [88] and fear a lack of organizational support

[86, 87].

Despite these barriers, the literature shows that using PROMs positively
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impacts process outcomes (e.g, more appropriate patient-physician communication,

fewer outpatient visits) [81, 89-93].

1.1.3 Health literacy and its potential impact on counteracting low-value
care

Rigorous patient-physician communication is key to providing effective and efficient
treatment. Therefore, patients must be able to assess and evaluate healthcare
information and act on treatment prescriptions. This patient capability is known as
health literacy (HL). HL denotes the ability to find, understand, and effectively use
health information and health services while promoting health and preventing disease
[94, 95]. HL includes various skills (e.g., reading, numeracy, critical thinking, and
effectively navigating the healthcare system) [96]. Serensen et al. [97] identified three
main application areas of health literacy: disease management, disease prevention,
and health promotion. Each area consists of four components concerning health

information: 1) access/obtain, 2) understand, 3) process/appraise, and 4) apply/use.

HL is assessable by various internationally validated instruments: the Health Literacy
Questionnaire (HLQ) [98], the European Health Literacy Survey Questionnaire (HLS-
EU-Q) [97], the 16-item European Health Literacy Survey Questionnaire (HLS-EU-
Q16) [99], or the Single-Item Literacy Screener (SILS) [100]. These instruments
differ by measurement type (i.e., self-reporting vs testing of capabilities and
knowledge), scope (i.e., generic, disease-specific, or e-health literacy) or by target

group (i.e., age- or culture-specific adjustments) [101].

Today, patient-physician communication is potentially marred by miscommunication.
Physicians and nurses often overestimate patients” HL skills by assuming that patients
can process complex instructions [102—104]. This problem worsens because patients
also tend to overestimate their HL [104, 105]. Overestimating one’s abilities is also
known as the Dunning-Kruger effect [106]. Besides verbal communication, written
disease-related educational material remains inaccessible to patients with low HL by

demanding advanced reading skills or by being poorly written [107, 108].
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Potential patient-physician miscommunication makes collecting information about a
patient’s HL crucial for two reasons: First, it can improve patient-physician
communication and allow physicians to tailor information to ensure patients
understand complex medical information [109]. Second, higher HL enables patients
to participate in shared decision-making and is associated with better treatment

adherence and enhanced patient outcomes [110-115].

In contrast, lower HL fosters adverse outcomes such as a higher rate of revisits to
emergency departments (e.g., Shahid et al. [116]) or more complications (e.g., Yee et
al. [117]). Therefore, low HL might lead to LVC as avoidable complications occur,
which do not benefit the patient, cause additional harm, require using resources to
counteract complications, and generate additional treatment costs. Hence, low HL
covers the four pillars of LVC. 2 Hence, improving low HL to adequate HL might help

avoid (unintentionally) patient-inferred detrimental effects and, consequently, LVC.

1.2 Goals and methods

This dissertation proposes a set of levers for reducing LVC by explicitly including
PROs and for basing physicians’ treatment decisions on patients’ HRQoL. Reducing
LVC and thereby improving quality of care requires considering two levels: (1) the
healthcare system (represented by individual physicians) and (2) patients. On the one
hand, physicians need to suggest and implement the most appropriate treatments; on
the other, patients need to act on treatment plans to leverage the treatment’s full

potential.

Achieving the research goal of amplifying the patient’s perspective to reduce LVC

rests on three building blocks. First, LVC must be detectable in routine and claims

2 The four pillars of LVC cover services that (a) provide no or little benefit to the patient, (b)

potentially cause harm, (c) incur unnecessary costs, and (d) waste limited healthcare resources
(see Chapter 1.1.1).



10 Introduction

data for future research efforts to determine whether LVC can be decreased by
applying the proposed measures. Second, the patient’s perspective must be collected
via PROMs. However, concrete guidelines on appropriately interpreting PROs are
currently lacking but are needed to leverage the full potential of PROs in clinical
practice. Additionally, using PROs in clinical practice needs to be further promoted.
One potential approach is to enhance the display of PROs with digital tools such as
clinical dashboards. PROs strengthen the patient’s representation of their health
status, bolstering treatment changes, which are derived directly from the patient’s
HRQoL. Third, patients benefit from improved HL, leading to better self-management
capabilities and increased treatment and medication adherence, ultimately reducing
LVC.

To address the three building blocks (see Figure 1.1), this dissertation proceeds as
follows: Chapter 2 identifies LVC based on analyzing routine and claims data (1%
building block). Only if LVC is detectable in routine or claims data de-implementation
efforts can become quantifiable and hence trackable. The goal is to analyze whether
LVC can be identified in routine and claims data and which identification approaches
apply. Chapter 2 asks (RQ1): “How can low-value care be identified using routine
and claims data?” To address RQ1, Chapter 2 presents two studies, one focusing on

the physician level, the other on the patient level.

Chapters 3 and 4 address the use of PROs (2" building block). Chapter 3 considers
how to make PROs even more useful. As PRO interpretation relies on patient
characteristics, this chapter explores what guides the interpretation of PRO results. It
therefore asks (RQ2): “How do patient characteristics influence the interpretation of
PROs?”. Chapter 4 analyzes what promotes increased PRO adoption in clinical
practice and therefore asks (RQ3): “What must be considered when adopting
PROMs?”. Answering RQ2 (Chapter 3) and RQ3 (Chapter 4) provides a robust basis
for better managing expectations about treatment success and for analyzing patients’

health status.

Chapter 5 shifts from the physician level to the patient’s HL. HL is integral to self-

management capabilities and thus enables patients to cope with disease-specific
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symptoms. The better patients can manage their disease, the less likely adverse
outcomes become, thus lowering the risk of LVC. Chapter 5, then, investigates
whether HL enables identifying support needs and which factors influence HL (3"
building block). It therefore asks (RQ4): “Which factors influence a patient’s health
literacy? ”. Raising awareness of factors influencing patients’ HL may indicate which
future research is needed to enhance patients’ self-management capabilities, resulting

in less patient-induced LVC.
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What follows outlines the seven individual studies and their contribution to the overall

framework (see Figure 1.1).

1.2.1 Studies on low-value care

Study 1 (S1) (“Making the cut on caesarean section: A logistic regression analysis of
factors favouring caesarean sections without medical indication in comparison to
spontaneous vaginal birth”) has been published in BMC Pregnancy and Childbirth.>
It presents an identification approach to non-medically indicated caesarean sections
(CS) from routine data and compares the characteristics of women giving birth by
non-medically indicated CS with women giving birth spontaneously. Non-medically
indicated CS may be classified as LVC as the risk of morbidity and mortality increases
for the mother and the neonate if spontaneous vaginal birth (SVB) was feasible. It also
causes higher costs compared to SVB and involves more resources (e.g., staff and
operation rooms). This raises the question whether non-medically indicated CS are
identifiable in routine data and how high their annual share compared to the overall
birth rate is. Such an identification would help tackle LVC as information is missing
on how many CS are on a non-medically indicated basis nowadays. The current
challenge in identifying non-medically indicated CS from routine data arises from the
unavailability of a clear classification code based on diagnoses-related groups (DRG),

diagnoses, or procedures. This chapter therefore asks:
e How can cases of non-medically indicated CS be identified in routine data?
e Which factors make giving birth by non-medially indicated CS more likely?

To investigate these research questions, we retrieved the national dataset “Medical
Statistics of Hospitals” from the Federal Statistical Office. This dataset includes
98.3% of all women who gave birth in Swiss hospitals between 2014 and 2018. We

3 The co-authors of the corresponding study are denoted at the beginning of each study in
Chapters 2 to 5.
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enriched the dataset with information on net income per capita, nursing staff per
hospital, and midwives per 1,000 births, all annually and at the cantonal level, to
control for their impact on the decision of the mode of birth. We also added the
urbanity level of the living area (i.e., urban, suburban, or rural) to the dataset. We
developed a three-step approach based on diagnosis-related groups (SwissDRG),
diagnoses, and procedure classification (specified by the Swiss operation procedure
(CHOP) catalog) to identify non-medically indicated CS. By applying this approach,
we identified 11,112 non-medically indicated CS between 2014 and 2018. To build
the comparison group, we used all cases (identified through SwissDRG) where
women gave birth spontaneously without any complicated or complex diagnoses
being noted in the dataset. Thus, 176,908 births were spontaneous within the
investigated timeframe. Using the two identified groups, women were described by

age, living areas, insurance class, and urbanity level.

To test whether the mean values of the two investigated groups are significantly
different, we applied an independent-samples t-test to the variables of midwives per
1,000 births, nursing staff per hospital bed, and income per capita. By further applying
a binary logistic regression analysis, we determined the impact of the above factors
(i.e., age, living area, insurance class, urbanity level, number of midwives per 1,000
births, number of nursing staff per hospital bed, and net income per capita) on non-

medically indicated CS.

S1 shows that our three-step approach enables identifying non-medically indicated
CS from routinely collected data. Almost 8% of all conducted CS are non-medically
indicated in Switzerland and thus can be classified as LVC. Women giving birth by
non-medically indicated CS tend to be older, have supplemental insurance, and live
in urban areas. Additionally, significant differences (p<0.001) between the mean
values of women in either of the two birth modes are observable. Women giving birth
by non-medically indicated CS live in cantons with fewer midwives per 1,000 births,
a higher number of nursing staff per hospital bed, and a higher net income per capita.
The logistic regression analysis reveals that higher age, supplemental insurance,

higher income, and more available nursing staff in the hospital increase the likelihood
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of giving birth by non-medically indicated CS. In contrast, women living in areas with
a higher density of practicing midwives are significantly less likely to give birth by

non-medically indicated CS.

In conclusion, S1 develops an approach for identifying LVC (in non-medically
indicated CS) in routine data by including contextual factors. Applying this approach
enables measuring—for the first time—LVC based on routine CS data. The results
show that 8% of CS in Switzerland are non-medically indicated and hence can be
categorized as LVC. By developing a novel identification approach for LVC and
applying it to Swiss data, S1 provides a basis for discussing one lever (i.e., the
identification of non-medically indicated CS) to systematically tackle the problem of
LVC in Switzerland.

Study 2 (S2) is titled “Medication adherence halves COPD patients’ hospitalization
risk: Evidence from Swiss health insurance data” (under review, npj Primary Care
Respiratory Medicine). It analyzes medication adherence among patients suffering
from Chronic Obstructive Pulmonary Disease (COPD) in Switzerland and discusses
how patients’ low medication adherence impacts the likelihood of hospitalized
exacerbations. LVC might be caused not only by physicians but also by patients not
adhering to treatment and medication plans, leading to avoidable, cost-intensive
additional treatments. However, until now, no study has proven that medication non-

adherence leads to hospitalized exacerbation. S2 therefore asks:
e How is medication adherence distributed among COPD patients?

e How does inadequate medication adherence impact the likelihood of a

hospitalized exacerbation?

The study is based on 2015-2020 data provided by a Swiss health insurance. The
dataset includes each insured person’s basic claims data, contractual information, and
billing data. Billing data encompasses information on treatments and prescriptions
during the observation period. We included 13,557 insured persons in the dataset. As
Swiss health insurances are not allowed to store diagnosis data, we identified insured

persons suffering from COPD via three inclusion criteria: 1) treatment with long-
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acting COPD-specific medications; 2) over 40 years of age; and 3) claims data

available for at least two consecutive years prior to the hospitalized exacerbation. *

To approximate COPD patients’ medication adherence, we calculated their proportion
of days covered (PDC). PDC represents the days covered by COPD patients’ home
inventory of long-acting medication taken during the observation period. Therefore,
PDC reveals the distribution of medication adherence among Swiss COPD patients,
which we classified into five categories. Category 1 includes COPD patients with a
PDC of 0-20%, category 2 covers COPD patients with a PDC >20-40%, category 3
encompasses COPD patients with a PDC >40-60%, category 4 represents COPD
patients with a PDC >60-80%, and category 5 includes the remaining COPD patients.

We applied the causal Rubin effect to analyze the effect of medication adherence
(represented by the PDC) on the likelihood of a hospitalized exacerbation. Therefore,
we quantified the average treatment effect of the PDC on hospitalized exacerbations.
This procedure allowed us to estimate the probability of being hospitalized with an

exacerbation per COPD patient based on the corresponding PDC category.

S2 shows that about half of the included COPD patients have a PDC of less than 40%.
Thus, less than 40% of the days in the observation period are covered by a high enough
personal home inventory of long-acting medications. If patients do not take their
medication as prescribed, the medication cannot be fully effective, increasing the risk

of adverse outcomes (e.g., hospitalized exacerbations classifiable as LVC).

Only 22.7% of all included patients qualify for category 5, representing a PDC of 80—
100%. Concerning the rate of hospitalized exacerbations, the lowest rate occurs in the
patient category with the highest medication adherence (PDC >80—-100%), while most
exacerbations are recorded in the patient category with the lowest PDC (0-20%).
Furthermore, the regression analysis reveals that COPD patients with high medication

adherence (PDC >80-100%) are almost half as likely to suffer from hospitalized

4 The reasons for these three inclusion criteria are further elaborated in Chapter 2 (Study 2).
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exacerbation compared to COPD patients with low medication adherence (PDC = 0—
20%). Thus, S2 indicates that low medication adherence in patients may lead to LVC

in the form of an increased risk of hospitalized exacerbation.

1.2.2 Studies on patient-reported outcome measures

While Chapter 2 focuses on LVC and whether it is identifiable in routine and claims
data, Chapters 3 and 4 explore which factors enhance the usefulness of PROs and
how clinical dashboards potentially improve patient-physician communication
through PROMSs. Study 3 (S3, “What is the association between gender and self-
perceived health status when controlling for disease-specific conditions? A
retrospective data analysis of pre- and post-operative EQ-5D-5L differences in total
hip and knee arthroplasty”) has been published in BMC Musculoskeletal Disorders. It
examines the validity of using the EQ-5D-5L index score as a tool to interpret gender-
related differences in outcomes among THA and TKA patients. These gender
disparities highlight the need to discuss whether treatment adaptions are possible
based on changes in PROM scores over time and what needs to be respected. S3

therefore asks:

e  What are the differences in the association between gender and the EQ-5D-
5L dimensions in patients undergoing total hip and knee arthroplasty pre-

and post-surgery?

The dataset consisted of data collected in two German hospitals (Schoen Clinic
Hamburg FEilbek and Schoen Clinic Neustadf) and included all patients who
underwent elective primary total hip or knee arthroplasty between January 2016 and
December 2018. In total, 2,368 THA patients (m=978; f=1,390) and 1,629 TKA
patients (m=715; f=914) were included. Data from several sources were merged:
PROM data were collected at patient admission to the hospital, as well as three and
12 months post-surgery via postal service. Both PROM types (generic and disease-
specific) were collected. The generic PROM is represented by the EQ-5D-5L, which
consists of mobility, self-care, usual activity, pain/discomfort, and anxiety/depression

and measures the patient’s HRQoL. As a disease-specific PROM, we applied
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WOMAC (Western Ontario and McMaster Universities Arthritis Index), which
encompasses disease-related aspects (i.e., stiffness, pain, and functionality).
Additionally, routine data on patient characteristics (e.g., sociodemographic data,

further medical conditions, and surgical details) enriched the dataset.

We described the differences between gender and surgical procedures by
independent-samples t-test or Mann-Whitney U-test depending on the variable’s
characteristics and distribution. Additionally, we applied a cumulative odds ordinal
logistic regression with proportional odds. We analyzed every dimension of the EQ-
5D-5L at each of the three measuring points (i.e., at admission, three months post-
surgery, and 12 months post-surgery). The control variables included age, the
Elixhauser Comorbidity Index, walking distance, walking aid pre-surgery, and
surgery duration. Furthermore, we included the WOMAC index score to adjust for

disease-specific conditions that might influence the generic health state.

S3 shows that gender is significantly associated with the individual dimensions of the
EQ-5D-5L. Female patients have significantly higher self-care scores (THA and
TKA), regardless of the measuring point, and better post-operative mobility scores
(TKA). Contrarily, male patients score significantly higher for reduced
pain/discomfort (TKA) and decreased anxiety/depression (THA) prior to surgery and
three months after surgery. These results suggest that considering the EQ-5D-5L
index score does not provide enough information on where gender differences
originate. The individual dimensions provide more comprehensive and functional
insights, which physicians may use to adapt treatment to the patient’s needs.
Therefore, this study functions as a baseline that gender differences in PROMs must
be considered when using PROMs in daily practice and hence adds to the enhanced

interpretability of PROs.

Complementing S3, Study 4 (S4, “Gender health gap pre- and post-joint arthroplasty:
Identifying affected patient-reported health domains”; under review at the
International Journal of Equity in Health) evaluates whether a gender health gap
exists in hip arthroplasty (HA) and knee arthroplasty (KA) pre- and post-surgery and



Introduction 19

whether differences concerning over-time improvement are observable. S4 therefore

asks:

e Does a gender health gap exist pre-surgery, at discharge, and 12 months post-
HA and KA?

e Does a gender health gap exist in the PRO improvement between admission
and 12 months post-HA and -KA?

This retrospective cohort study analyzed data from the PROMoting Quality study
[118], which included 3,693 HA (1,627 male, 2,066 female) and 3,110 KA (1,430
male, 1,680 female) patients from nine German hospitals in a randomized controlled
trial between 2020 and 2021. The study followed patients until March 2022, with
patients completing PROM questionnaires at admission, discharge, and 12 months
post-surgery. The study assessed the impact of the PROMoting Quality intervention,
which began one month post-surgery, alongside other variables, on PROs and gender-
related health disparities. For further information on the study design, please see
Kuklinski et al. [118] and Steinbeck et al. [119].

To assess general health status, we used the European Quality of Life Visual Analogue
Scale (EQ-VAS) and the EQ-5D-5L. To measure disease-specific outcomes, we
applied the Hip disability/Knee injury and Osteoarthritis Outcome Score Physical
Function Shortform (HOOS-PS and KOOS-PS, respectively). We used the Patient-
Reported Outcomes Measurement Information System Fatigue Short-Form
(PROMIS-F-SF) to measure fatigue. PROMIS-D-SF enables assessing depression
symptoms. Lastly, pain in the operated joint was evaluated on a scale of 1 to 10, with

higher scores indicating greater pain.

First, we used summary statistics to compare patient and treatment characteristics
between genders, employing t-tests and Chi-square tests for continuous and
categorical variables, respectively. PROs at admission, discharge, and 12 months
post-surgery were analyzed by gender using the non-parametric Whitney-Mann U-
test due to non-normal distribution. Next, linear multiple regression models were

employed for each PRO, controlling for various variables depending on the
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timepoint. > Additionally, regression analyses set the admission PRO as a baseline to

assess the gender health gap present at hospital admission.

We found significant differences between genders in almost all PROs for both joint
replacement types at each timepoint, with men experiencing significantly better health
across PROs. The pain dimension 12 months post-HA revealed no significant gender
difference. The mean PRO differences between male and female HA patients
exhibited the greatest disparities in PROs pre-surgery, followed by those at discharge
and were lowest at month 12. In comparison, the largest differences for KA patients
were also evident at admission, while disparities were lower at discharge and at month
12 than at admission. However, disparities did not diminish in all PROs from

discharge to month 12 among KA patients.

After adjusting for confounders, significantly better health in men is observable in all
health dimensions pre-HA, and at discharge. However, 12 months post-surgery the
most significant gender differences had disappeared expect for fatigue (HA),
depression (KA) and knee functionality (KA). In terms of PRO improvement between
admission and 12-months post-surgery, women showed significantly higher

improvement in all PROs.

When also controlling for pre-operative scores, we found that men exhibited
significantly better health at hospital discharge after HA and KA in terms of fatigue
and depression. Additionally, male HA patients displayed improved hip functionality
while male KA patients suffered less pain; however, other health dimensions
exhibited no significant gender differences. At 12 months post-surgery, the only
significant difference is that male HA patients experienced worse fatigue than women.
Regarding PRO-improvement, the sole significant difference was decreased fatigue

in male HA patients.

> See Chapter 3 (Study 4) for further information on the selected control variables.
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Thus, S4 illustrates that the pre-operative score in HRQoL predicts the 12-month post-
surgery score. When evaluating improvements in health status over time, accounting
for pre-operative scores may mediate the influence of gender on post-surgical PROs.
This study therefore questions whether male patients might receive HA and KA
unnecessarily early (with too high (good) pre-operative PRO scores). In contrast,
women might undergo surgery unnecessarily late (with much worse pre-operative
PRO scores). However, neither the optimal time nor the patient’s influence are known.
Raising awareness of the importance of pre-operative gender differences in PROs
might further enhance the application of timely adjusted interventions where male and
female patients receive the appropriate treatment when needed. As otherwise, due to

the inappropriate timing of the treatment, LVC may be caused.

Study 5 (S5, “What matters when interpreting patient-reported outcomes? — Adjusted
minimal important differences for hip and knee replacement patients”; under review
at Quality of Life Research) explores whether a change in PRO scores is clinically
relevant by suggesting minimal important differences (MIDs). The MIDs proposed
here are adjusted to account for patient characteristics as this enables more realistically

evaluating treatment success. S5 therefore asks:

e Which patient characteristics influence post-surgery PRO score

improvements and thereby enable a more precise MID estimation?

S5 employs a retrospective observational analysis using the National Health Service
(NHS) PROM dataset covering HA and KA in England from 2013 to 2020. The
dataset included patient demographics, pre-operative health history, comorbidities, as
well as pre- and 6-month post-operative scores from the EQ-5D-3L, Oxford Hip Score
(OHS), and Oxford Knee Score (OKS).

Data cleaning resulted in two datasets for regression and MID models. For HA, the
regression model included 216,639 cases, and the MID model encompassed 252,331
cases. Similarly, the KA datasets included 245,711 cases for the regression model and
279,668 for the MID model.



22 Introduction

Sample characteristics were outlined using descriptive statistics. A three-step
approach was applied to estimate the MIDs for HA and KA patients: First, regression
models served to identify pre-operative factors that best predict EQ-5D-3L
improvement and standardized coefficients were calculated for these variables.
Second, we clustered patients using the k-means algorithm based on the identified
predicting factors. Additionally, differences in MIDs between male and female
patients were examined. Third, we estimated MIDs for unstratified and stratified
samples to determine the smallest meaningful improvement required for HA and KA

to be considered successful.

The MIDs were estimated using an anchor-based approach, employing a binary
“Success” variable as the anchor, based on patient responses to compare the current
HRQoL status with the pre-surgery score. Sensitivity analyses were performed to test
alternative anchors such as “Satisfaction” and transformed versions of “Success” to
validate the stability of the results. MIDs were calculated by minimizing the sum of

squares of 1-sensitivity and 1-specificity.

We also analyzed the factors influencing post-operative EQ-5D-3L index score
improvement in hip and knee replacement patients. The most significant predicting
factors of the post-surgery EQ-5D-3L index score are a patient’s pre-operative EQ-
5D-3L index score and a prior diagnosis of depression, both negatively associated
with post-surgery improvement. Additionally, we created sub-groups based on pre-
operative EQ-5D-3L scores to estimate MIDs. Stratifying the sample led to more
precise MID calculations. However, MIDs varied among pre-operative EQ-5D-3L
score subgroups, with patients starting with worse scores needing larger
improvements to achieve their MIDs. Stratifying by gender revealed no significant
MID differences between male and female patients, with consistent MIDs across pre-

operative EQ-5D-3L index score subgroups.

S5 highlights that controlling for the pre-operative EQ-5D-3L index score predicts
more accurate MIDs. In contrast to studies 3 and 4, we found no gender differences
in MIDs. Considering the pre-operative EQ-5D index score is crucial when analyzing

intervention success. Therefore, to increase the usefulness of PROs, users, (i.c.,
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especially physicians) must be aware of the different interpretive approaches to obtain

meaningful PRO results.

After investigating essential considerations when interpreting PROs, we incorporated
PROMs in dashboards to enhance adoption (see Study 6 (S6): “Evaluating design
principles for clinical dashboards incorporating patient-reported outcome measures:
Building on a scoping literature review and semi-structured interviews”; submitted to

the Journal of Medical Internet Research). We therefore asked:

e  What are design principles of clinical dashboards incorporating generic and
disease-specific PROMs?

e Do the design principles for clinical dashboards incorporating PROMs differ

for acute conditions with a one-time intervention versus chronic conditions?

To answer these research questions, we applied a two-step approach. First, we
conducted a scoping literature review to gain insights into the current state of evidence
on clinical dashboard designs. Four medical databases were consulted: PubMed,
PsychInfo, Cochrane, and Science Direct. We included studies published between
January 2015 and May 2022. Furthermore, we employed a twin-track search strategy.
Search A collected information on which generic and disease-specific PROMs are
applicable in clinical dashboards and whether a combined use is frequently reflected
in the literature. Search B focused on application areas of clinical dashboards and how
such dashboards are designed. All included manuscripts had to represent original
work and be written in English. Further studies were added by conducting backward

research. In total, we identified 67 suitable manuscripts.

The scoping literature review revealed that various design principles are employed to
enhance the usability of clinical dashboards incorporating PROMs such as additional
patient information (e.g., demographic information or recent health updates) or
clinical data (e.g., lab results and medication data). The literature also suggests
including past assessment scores, peer-group comparisons, or alerts. The findings of
the scoping literature review served as a basis for the subsequent interviews, where

the identified design principles were discussed and evaluated with interviewees.
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We conducted 16 interviews with six software producers and ten users (i.e.,
physicians). Interviews lasted between 20 to 45 minutes. They were audio-recorded
and transcribed verbatim. For the purpose of analysis, we followed a deductive
approach based on the identified design principles from the scoping literature review
and enhanced our findings by applying an inductive approach. We evaluated 17 design
principles from the scoping literature review and identified eight additional design

principles through the inductive approach.

The interviews revealed that design principles need not be distinguished in terms of
episodes of care—except for the disease-specific PROM, which needs to be adjusted
accordingly. Interviewees rated design principles such as patient information and
clinical data as necessary add-ons in the clinical dashboards. This additional
information provides valuable insights into how PROMs must be interpreted
according to a patient’s current health. Interviewees highly recommended including
the past assessment PROM score and peer-group comparison into clinical dashboards
incorporating PROMs, as these principles further facilitate using PROMs in clinical

practice.

S6 provides guidance on design principles that must be considered when planning,
developing, and implementing clinical dashboards incorporating PROMs. We
propose a model encompassing all 25 design principles and group these into four main
aggregated concepts: general setting (subdivided into technical and non-technical
settings), PROM-related principles, PROM-independent principles, and requirements
for adoption. Connecting the findings to the framework of this dissertation, this study
illustrates that PROMs are appropriate to be included in a clinical dashboard.
However, additional design principles need to be regarded to enhance the informative

value of such dashboards.

1.2.3 Study on health literacy

While Chapters 3 and 4 focus on interpreting PROMs and how their adoption in
clinical practice reduces LVC, Chapter 5 explores the potential of patient’s health
literacy (HL) to increase treatment adherence and thus avoid LVC. Study 7 (S7, “The
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power of knowledge: A survey on COPD patients’ health literacy in Switzerland”;
published in Schriftenreihe in Health Economics, Management and Policy) evaluates
whether COPD patients’ daily support requirements differ according to their HL states
and which factors influence HL. HL is a major component of self-management
capabilities, as reflected in a patient’s ability to follow the treatment path and take
medication as prescribed. However, if HL is not distinct enough, patients may

(unintentionally) cause LVC. S7 therefore asks:
e  Which factors are associated with higher health literacy?

e  What types of support do patients with varying health literacy states desire
in digital health interventions to better deal with COPD?

Data were collected via an online survey conducted between July 2022 and July 2023.
All COPD patients living in Switzerland at the time of the survey could participate.
The questionnaire contained five sections (general patient information, disease-
specific questions, support needs, quality of life, and coping with COPD). It also
included internationally validated instruments for measuring the patient’s HRQoL
(with the EQ-5D-5L), disease-specific condition (with the COPD Assessment Test),
and HL (with the HLS-EU-Q16). In total, the survey included 66 questions and was
available in German, Italian, and French. We announced it on Facebook and
distributed flyers to various care providers and COPD-related organizations. Data of

203 survey participants were analyzed.

First, respondents were clustered into one out of three HL states, which categorize HL
as “sufficient,” “inadequate,” or “problematic.” Second, descriptives of variables were
provided, and a chi-square test of homogeneity and an analysis of variance (ANOVA)
were used to identify significant differences in the values allocated to HL states. Third,
a cumulative odds ordinal regression with proportional odds served to determine

which factors are significantly associated with higher HL.

We found that around half (53.8%) of the participants have adequate HL. The
remaining participants expressed inadequate (27.6%) or problematic (19.2%) HL.

Significant differences were evident in patients’ support needs, length of diagnosis,
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and confidence in medication intake. Participants with problematic and inadequate
HL required more daily assistance than those with sufficient HL. People diagnosed
with COPD over five years were more likely to have sufficient HL. Additionally,
those with sufficient HL felt more confident about their medication intake than those

with inadequate or problematic HL.

Furthermore, individuals with sufficient HL were older compared to those with
inadequate and problematic HL. Moreover, participants with sufficient HL scored
significantly higher (better) in EQ-5D-5L compared to the other two HL states. In
terms of EQ-VAS, individuals with problematic HL reported significantly lower
(worse) values compared to those with inadequate and sufficient HL. Additionally,
participants with sufficient HL indicated significantly lower (better) CAT scores

compared to those with inadequate and problematic HL.

The ordinal logistic regression used the following variables as confounders: daily life
support, length of diagnosis, feeling confident about medication intake, age, EQ-5D-
SL, and EQ-VAS. These variables all exhibited significant differences in the
distribution of characteristics or mean values. Higher age and higher (better) EQ-5D-

5L scores increase the likelihood of enhanced HL.

Although differences in patient characteristics are evident between HL states, patients
do not differ in their perceived difficulties in dealing with COPD, their wish for daily
life support, and symptom-specific support. Study participants indicated that they
struggled most with their restricted movement possibilities and lacking chances of
cure. Their desiderata included regular advice and information for dealing with
COPD, regular exercises to alleviate COPD symptoms, and the possibility to compare
their health status with the average COPD patient.

S7 reveals that significant differences between people with varying HL exist. Age and
the EQ-5D-5L—representing the HRQoL—are significantly associated with better
HL. However, study participants do not differ in their support requirements. In the
framework of this dissertation (see Figure 1.1), the link between HRQoL and HL is
of particular interest. If higher HRQoL increases the likelihood of improved HL, this

might positively impact self-management, as HL is an essential lever of self-
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management capabilities. If patients are enabled to develop a more intuitive sense of
their HRQoL and thus increase HL, this might reduce LVC as patients will more likely

adhere to treatment plans and thereby avoid complications.
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2.1.1 Abstract
Background: In the absence of medical necessity, opting for caesarean sections

exposes mothers and neonates to increased risks of enduring long-term health
problems and mortality. This ultimately results in greater economic burden when
compared to the outcomes of spontaneous vaginal births. In Switzerland around 33%
of all births are by caesarean section. However, the rate of caesarean sections without
medical indication is still unknown. Therefore, we devise an identification strategy to
differentiate caesarean sections without medical indication using routine data. In
addition, we aim to categorize the influencing factors for women who undergo
spontaneous vaginal births as opposed to those with caesarean sections without
medical indication.

Method: We use Swiss Federal Statistics data including 98.3% of all women giving
birth from 2014 to 2018. To determine non-medically indicated caesarean sections in
our dataset, we base our identification strategy on diagnosis-related groups, diagnosis
codes, and procedure classifications. Subsequently, we compare characteristics of
women who give birth by non-medically CS and external factors such as the density
of practicing midwives to women with spontaneous vaginal birth. Logistic regression
analysis measures the effect of factors, such as age, insurance class, income, or density
of practicing midwives on non-medically indicated caesarean sections.

Results: Around 8% of all Swiss caesarean sections have no medical indication. The
regression analysis shows that higher age, supplemental insurance, higher income,
and living in urban areas are associated with non-medically indicated caesarean
sections, whereas a higher density of midwives decreases the likelihood of caesarean
sections without medical indication.

Conclusions: By identifying non-medically indicated caesarean sections using
routine data, it becomes feasible to gain insights into the characteristics of impacted
mothers as well as the external factors involved. Illustrating these results, our
recommendation is to revise the incentive policies directed towards healthcare
professionals. Among others, future research may investigate the potential of
midwife-assisted pregnancy programs on strengthening spontaneous vaginal births in

absence of medical complications.
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2.1.2 Background
The mode of birth relies on the condition of the mother and the neonate. The child is

either born spontaneously, by instrumental birth, or via a caesarean section (CS).
Desirable results linked to CS, such as reduced maternal or neonatal mortality or
morbidity, are attainable only up to a specific national ratio [1]. No improved
outcomes are evident for the remaining CS when compared to spontaneous vaginal
birth (SVB). The WHO recommends a national CS rate between 10-15% [2]. CS rates
vary considerably among OECD (Organization for Economic Co-cooperation and
Development) countries, which are mainly high-income and developed countries from
various regions of the world [3]. However, if unified guidelines for the indication of
CS are applied or a second opinion is mandatory, the variance across and within
countries is expected to be lower [4, 5]. One suggested approach is the Robson
classification, where every pregnant woman is assigned into one of ten clusters based
on pregnancy-related characteristics, aiming to uncover reasons and outcomes for
different birth modes [6, 7].

In this paper, we categorize CS into two primary groups: planned and emergency.
Planned CS represents a planned intervention, which may be conducted upon or
without medical indication. Women might prefer a planned, non-medically indicated
CS (referred to as non-medically indicated CS from now on) due to social norms,
emotional or personal experiences [8, 9]. During the 1990s, medical indication was
among the primary factors guiding the decision to opt for CS [10]. However, in the
present day, psychosocial elements like birth-related fear or maternal preference
without concurrent medical reasons have taken precedence at the top of the list [9,
11]. Thus, the rationale for planned CS as the eligible mode of birth is no longer only
due to medical indication [8, 9, 12, 13]. In contrast, emergency CS are performed as

an immediate or urgent intervention once labour has commenced.

Media reports presenting an inappropriate image of CS reduce women’s perception
of the associated risks [14]. Nevertheless, different studies draw attention to the risks
of non-medically indicated CS [12, 15-17]. The mother faces higher risks such as
higher blood loss [18], increased probability of a stillbirth [19], or negative

implications for future pregnancies [16, 19], whereas the neonate is confronted by
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increased respiratory morbidity [19], and higher risks of short- and long-term
morbidity in general [19-21] compared to SVB. Conducting a non-medically
indicated CS not only increases the potential iatrogenic harm for mothers and neonates

[11, 19], it also leads to increased financial burdens on the healthcare system [18, 22].

In this paper, we present a novel approach on identifying cases of non-medically
indicated CS in routine data by using Swiss hospital claims data from 2014 to 2018.
We examine factors that are associated with a higher likelihood of giving birth via CS

in absence of any medical indication.

2.1.3 Data and Methods

Data and selection of cases

The study is based on the national dataset “Medical Statistics of Hospitals” which
includes all women having given birth in Swiss hospitals between 2014 to 2018
(98.3% of all births, n = 430,920). The dataset is provided by the Federal Statical
Office containing claims data of Swiss hospitals. As neither a corresponding
diagnosis-related group (DRG), procedure classification (represented by the Swiss
operation classification (CHOP)), nor a diagnosis code (ICD-10-GM) is available for
non-medically indicated CS, we estimate the number of non-medically indicated CS
based on various criteria. Nevertheless, the dataset does not provide information about

whether a woman expresses a preference for giving birth via CS or not.

We obtain cases of CS without medical indication by data selection as represented in
Figure 1. First, only cases with diagnosis-related groups (SwissDRG) OO01F (2014-
2016), O01G (2017), and OO01H (2018) are considered as they refer to “sectio
caesarea, pregnancy duration more than 33 completed weeks (without complicating
diagnosis, without a complex diagnosis)”. We assume that having completed 33
weeks of pregnancy allows for spontaneous birth without fearing negative effects
neither for the mother nor the neonate — every birth before 33 completed weeks
classifies as extremely (less than 28 weeks) or very (28 to 32 weeks) preterm birth
[23]. Furthermore, the dataset contains information about reimbursement rates, but it

lacks details about actual incurred costs.
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Second, diagnoses that do not allow for vaginal birth such as malpresentation of the
foetus, maternal hip anomalies, or women with indicated labour who later change to
an emergency CS are excluded from the dataset (see Additional file 1). We base our
filtering process on Henry et al. [24] who applied the same procedure to ICD-9 codes.
Subsequent studies further refine and augment this approach [25-27]. We translate
the identified procedures to ICD-10-GM, which is the standard in Switzerland.

Third, we refer to the procedure classification to eliminate all CS characterized by
emergency treatment features (specified by the CHOP catalogue, see Additional file
2). Moreover, the analysis begins from the year 2014 because the procedure
classification did not differentiate between planned and emergency CS in prior years.

This lack of distinction resulted in an inaccurate count of non-medically indicated CS.



Low-value care 47

Figure 2.1: Selection process of non-medically indicated CS based on a defined set of

evaluation criteria

Total amount of births
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(n=430,920)

|Was a C§ conducted?

No l l Tee
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vaginal bi Total amount of CS
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Planned, non-
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medically CS
(@m=11,112)

Legend: CS = Caesarean section; ICD-10-GM = International Statistical Classification of Diseases and
Related Health Problems, 10. Revision, German Modification

Annotation: The boxes represent the individual stages of how we identify non-medically indicated CS. The
figure starts at the top while getting more granular from going top left to bottom right. At each box, two
arrows are allocated which either affirm or deny the corresponding question. The second question about
whether a CS was classified as O01F (2014-2016), O01G (2017), or O01G (2018) uses the classification
of Swiss DRG (diagnose-related groups) of the corresponding year. The third question considers the
diagnoses of the ICD-10-GM. The last question is about planned and emergency CS. The CHOP (Swiss
operation classification) catalogue distinguishes between these two types of CS. Coloured boxes represent
the path on how to get to the total number of CS without medical indication.

We identify SVBs without complicated or complex diagnoses or accompanying
factors via the DRG code O60D (2014-2018). The less complex DRG codes for CS
are O01F (2014-2016), 001G (2017), and O01H (2018). We hypothesize that women
with a CS in absence of any medical indication could have given birth spontaneously

instead. This makes the group of SVB comparable to non-medically indicated CS.
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Furthermore, we integrate supplementary data sources to enrich the explanatory
power of the present study. Information is collected for per capita net income and
nursing staff per hospital bed, both at the cantonal level and on an annual basis. For
the identification of differences in the level of urbanity, we use information from the
statistical atlas of Switzerland. Additionally, the Swiss society of midwives provides

information on the number of practicing midwives per canton.
Empirical strategy

We provide descriptive statistics to illustrate the characteristics of the two birth mode
groups. Secondly, to analyse significant differences between the mean values of
mothers giving birth by non-medically indicated CS versus SVB, we use independent-
samples t-test. Thirdly, logistic regression analysis with a 5% significance level
identifies the impact of factors associated with a higher likelihood of giving birth by
CS without medical indication. The regression includes the following independent
variables: age, insurance status, urbanity level (i.e., rural, suburban, and urban),
number of midwives per 1000 births, number of nursing staff per hospital, and income

per capita.

Logistic regression analysis especially suits this research as only two outcomes are
assumed: non-medically indicated CS and SVB. Furthermore, the logistic regression
calculates the impact of the chosen independent variables on the chance of giving birth
by non-medically indicated CS. A higher log odds ratio indicates a higher chance of
giving birth by non-medically indicated CS. Similar approaches were already taken
by previous studies for assessing the impact of various non-medical factors on non-
medically indicated CS [12, 28]. We conduct all analyses with the Statistical Package
for Social Sciences (SPSS), Version 27 [29].

2.14 Results

Descriptive statistics

The average number of annual births in Swiss hospitals from 2014 to 2018 was
approximately 86,200 (see Table 2.1). Among them, 33% were born by CS and on

average approximately 2,200 CS without medical indication have been detected.
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These amounts to almost 8% of all CS and to more than 2% compared to the total
number of births in Swiss hospitals. These numbers are stable over time. In contrast,
SVB without complicated or complex diagnoses faced some fluctuations. The highest
rates were reached in 2014 and 2015 with almost 40,000 births. Compared to this,
around 10,000 births less were given birth vaginally in 2018. The total number of
detected non-medically indicated CS added up to 11,112 and 176,908 women had a
SVB between 2014 and 2018. On average, 41.1% of all births were given by SVB
according to the DRG code O60D.
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Table 2.1: Number of total births, caesarean sections and spontaneous vaginal births in Switzerland per year

Year Total births Caesarean Non-medically #CS #nmiCS | # nmiCS SVB # SVB
(# births) section indicated CS # births #CS #births | (4gyp) | #births
(#CS) (# nmi CS)
2014 84,438 28,324 2,206 33.54% 7.79% 2.61% 39,654 46.96%
2015 85,847 28,473 2,340 33.17% 8.22% 2.73% 39,941 46.53%
2016 87,255 28,768 2,331 32.97% 8.10% 2.67% 33,662 38.58%
2017 86,501 27,801 2,145 32.14% 7.72% 2.48% 32,701 37.80%
2018 86,879 27,773 2,090 31.97% 7.53% 2.41% 30,950 35.62%
Average 86,184 28,227 2,222 32.76% 7.87% 2.58% 35,381 41.10%
Total 430,920 141,139 11,112 - - - 176,908 -

Legend: SVB = spontaneous vaginal birth

Annotation: Total births indicate all births in Switzerland per year — independent of birth mode. The number of CS represents all CS in Switzerland per year. In non-
medically indicated CS, only the defined DRG-groups O01F (2014-2016), O01G (2017) and O01H (2018) are included. Spontaneous vaginal birth displays the
number of births classified by the DRG-group O60D (2014-2018).
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In terms of demographics (see Table 2), the age category 30-34 years is the largest
group for both types of birth modes. This is followed by the category 35-39 years for
non-medically indicated CS and 25-29 years for SVB. Thus, the average age tends to
be higher at non-medically indicated CS compared to SVB. Furthermore, also
differences in the living area of women were observable. The distribution of women’s
living areas was somewhat focused on some regions for non-medically indicated CS
(Zurich followed by Espace Mittelland and North-Western Switzerland), while the

rates of SVB were more equally distributed across the country.

Additionally, the urbanity level indicates the kind of living region (i.e., rural,
suburban, or urban). Most women with a non-medically indicated CS live in urban
areas (67.9%) followed by suburban (17.1%) and rural areas (15.1%). Women with
SVB live mostly in urban areas (63.3%) followed by rural (19.2%) and suburban areas
(17.2%).

In Switzerland, individuals have the choice to opt for supplementary insurance
coverage for inpatient medical services in addition to mandatory insurance which
covers basic services. Comparing this with supplemental insurance types, i.e., semi-
private or private, the insured pay higher fees for additional services such as staying
in a single or double-person room, and timely-preferred treatment by a specialist. The
percentage of privately insured women with a non-medically indicated CS was double
of those with SVB (8.8% vs 4.1%). Further, women with non-medically indicated CS
were less often solely mandatorily insured than those with SVB (75.9% vs 85.5%).

Table 2.2: Comparison of ordinal factors between non-medically indicated caesarean

section and spontaneous vaginal birth

Non-medically indicated Spontaneous vaginal
caesarean section birth
Number % Number %
Total population 11,112 100 176,908 100
Age category
15-19 89 0.8 1,355 0.8




52 Low-value care
20-24 654 5.9 14,849 8.4
25-29 2,236 20.1 47,374 26.8
30-34 3,754 33.8 69,238 39.1
35-39 3,176 28.6 37,453 21.2
40-44 1,060 9.6 6,422 3.6
45-49 128 1.2 199 0.1

Eastern Switzerland 1,115 10.0 22,296 12.6
Central Switzerland 1,009 9.1 16,519 9.3
North-Western 1,805 162 21,544 122
Ticino 324 2.9 6,626 3.7
Zurich 2,871 25.8 29,409 16.6
Western Switzerland 1,616 14.5 38,837 22.0
Espace Mittelland 2,058 18.5 38,014 21.5
Other Countries 314 2.8 3,663 2.1

Mandatory 8,431 75.9 151,295 85.5
Semi-private 1,702 15.3 18,429 104
Private 979 8.8 7,184 4.1
Urban 6,896 67.9 102,431 63.6
Suburban 1,733 17.1 27,706 17.2
Rural 1,529 15.1 30,963 19.2

DRG cost weights determine the payment of each inpatient case. Non-medically

indicated CS were covered on average with a cost weight of 0.864 in 2014 remaining

at the same level in 2016 and then decreasing to 0.791 in 2018. SVB showed a lower
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cost weight, which was 0.581 in 2014 decreasing to 0.545 in 2016 and followed by a
slight increase to 0.564 in 2018. Therefore, SVB payment was generally lower

compared to non-medically indicated CS across all years.

Some differences in the characteristics of the mothers belonging to either group of
birth modes were already observable. Table 2.3 summarizes the main differences in
metric variables for non-medically indicated CS and SVB. Women with non-
medically indicated CS live in cantons with a lower relative rate of midwives. On the
contrary, the amount of nursing staff at the hospital calculated per bed is slightly
higher for women with non-medically indicated CS. Finally, income per capita is on
average more than CHF 1000 higher per year for women with non-medically indicated
CS in contrast to women who gave birth spontaneously. Income per capita and the
insurance status show a positive correlation (rs = 0.155, p <0.01), i.e., woman with a
higher income tend to have supplemental insurance. All variables differ in their mean

values with statistical significance (p < 0.001) between the two birth modes.

Table 2.3: Independent samples t-test for metric variables between women with non-

medically indicated caesarean sections and spontaneous vaginal births

Non-medically Spontaneous p-values
indicated CS vaginal birth
Number ofrnl'dwwes per 1,000 3728 3777 <0.001
births
Number of nursing staff per hospital 3.70 364 <0.001
bed
Income per capita CHF 38,273.26 CHF 37,152.96 <0.001

Regression results

For the logistic regression (see Table 2.4), age category, insurance status, urbanity
level, number of midwives per 1,000 births, number of nursing staff per hospital bed
and income per capita were included as independent variables. All variables show the

highest significance level (p<0.001). A lower age category decreases the risk of giving
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birth by CS without medical indication, whereas the category 45-49 years served as a
reference category. Additionally, for woman with mandatory or semi-private
insurance the odds ratio of giving birth by non-medically indicated CS is significantly
lower compared to woman with private insurance (reference category). For woman in
urban areas, the likelihood of a CS without medical indication increases compared to
woman in rural areas (reference category). Furthermore, a higher number of practicing
midwives per 1,000 births reduce the log odds ratio by 0.019. The number of nursing
staff per bed is also associated to the birth mode. The more nursing staff available per
bed, the higher the chance of undergoing a non-medically indicated CS. Lastly,
income per capita impacts the decision on the birth mode. A CHF 10,000 increase in

annual income per capita raises the log odds ratio by 0.168.

Table 2.4: Log odds ratio for factors associated with a non-medically indicated

caesarean section

Variable Odds Ratio Confidence Interval
Intercept 0.800 *** (0.461-1.139)
Age category (years)

15-19 -2.172 *** (-2.503 —-1.841)

20-24 -2.533 *** (-2.784 —-2.281)

25-29 -2.500 *** (-2.742 — -2.259)

30-34 -2.413 *** (-2.653 —-2.173)

35-39 -2.020 *** (-2.260 — -1.779)

40-44 -1.373 *** (-1.620 —-1.125)
Insurance status

Mandatory -0.713 *** (-0.791 — -0.636)

Semi-private -0.360 *** (-0.450 — -0.270)
Urbanity level

Urban 0.152 *** (0.093 -0.210)

Suburban 0.176 *** (0.105 -0.248)
Number of midwives

-0.019 *** (-0.023 —-0.016)

per 1,000 births
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Number of nursing staff
0.243 *** (0.195-0.291)
per hospital
Income per capita (per
P pita (p 0.168 *** (0.133-0.203)
CHF 10'000)
AUC 0.625

Significance levels: *** p<0.001; AUC=Area under the curve

Legend: A higher log odds ratio indicates a higher chance of giving birth by non-medically indicated CS.
The following categories served as reference categories for categorical variables: 45-49 years (age),
private (insurance status), rural (urbanity level).

The predictive power of the logistic regression is calculated by a ROC curve as it
displays the trade-off between the detection of true positives and avoiding false
positives based on the women’s characteristics. ROC curves are also suitable for
imbalanced data sets, as the group sizes between non-medically indicated CS and SVB
(11,112 vs 176,908) is highly imbalanced. The performed logistic regression has an
area under the curve (AUC) of 0.625, which indicates an acceptable quality of the

model regarding the aim of this research.

2.1.5 Discussion
This paper aims to identify the percentage of non-medically indicated CS in

Switzerland and second, to uncover levers for a change in the birth practice. Both
questions are analysed based on a large Swiss dataset. The share of non-medically
indicated CS amounts to almost 8% of all CS, which are more than 2,200 births
annually in absolute terms. Research from the neighbouring country Germany reports
one out of ten CS as not medically indicated. Additionally, the average non-medically
indicated CS ratio in Germany is around 1% of the total number of births [30]. Other
comparable studies only controlled for one diagnosis for identifying non-medically
indicated CS [12, 24]. However, the presented approach allows for a more precise
approximation of the number of CS without medical indication due to the holistic

range of evaluation criteria.

The DRG cost weight for non-medically indicated CS generates higher payments
compared to SVB. Reasons for this imbalance are the costs of expensive infrastructure

(such as operating rooms and hospital bed charges) and higher personnel requirements
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(such as interdisciplinary operation teams). On the other hand, a higher level of
uncertainty exists for SVB. On the contrary, there is a greater degree of uncertainty
associated with SVB as it is inherently less predictable and demands higher time and
personnel resources. Furthermore, resources must be kept available such as additional
staff for an emergency CS or operating room capacities although they might not be
used. Hence, for future infrastructure (hospital) planning, also the non-usage of

available resources needs to be considered when setting payment rates.

The average age of the childbearing mother does not significantly differ between the
two investigated modes of birth. The largest age category is at both birth modes 30-
34 years. However, for non-medically indicated CS the group of 35-39 years follows
whereas for SVB the category of 25-29 years ranks second. Hence, women with non-
medically indicated CS are in general slightly older than women having given birth
by SVB. This is also supported by previous research [28, 31] which found that women
with non-medically indicated CS tends to be older than women with SVB. This can
be explained as age is a factor associated with a higher risk for complications at birth
[18, 32].

Further, a difference in insurance status of the included women exists. A higher ratio
of women with semi-private or private insurance is observable in the non-medically
indicated CS group compared to SVB. Similar findings were also reported by
Womack et al. [31] for the United States. Additionally, a positive correlation between
the income per capita and the insurance status is visible. The logistic regression further
strengthened the assumption that higher income and supplemental insurance increases
the likelihood of non-medically indicated CS over SVB. Faisal-Cury & Menezes [13]
argued that income only impacts the decision on the mode of birth in low-income
countries. However, this holds also true for developed countries such as Switzerland

as shown in this paper.

The number of midwives per 1,000 births per canton might have an impact on the
likelihood of a woman being accompanied by a midwife during pregnancy. Research
showed that women who benefit from a midwife-led care program are more likely to

give birth spontaneously [33], face better outcomes and have a positive maternal
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experience [11]. Contrastingly, another study claimed that midwife-led care models
rather lead to an CS increase in high-resource countries [34]. Nevertheless, the present
results support the first findings as woman living in a canton with more midwives
have a higher chance of SVB. Furthermore, logistic regression indicates that the
probability of a non-medically indicated CS is lower in cantons with a higher number
of midwives, as every one-unit increase in the number of midwives reduces the log
odds ratio by -0.018. This leads to the assumption that the presence of midwives has

a positive impact on the mother’s preferred mode of birth.

The paper identifies decisive factors for the decision on the mode of birth. To the
authors’ knowledge, this is the first paper that chooses the presented approach to
identify non-medically indicated CS in Switzerland, as corresponding procedures,
diagnoses or DRG codes do not exist. Age, number of nursing staff per bed, and
income per capita are significantly higher for women with non-medically indicated
CS and these factors also increase the log odds ratio of a CS, although no medical
indication is present. On the other hand, women also show significant differences in
the insurance class, urbanity level and the number of midwives per canton. Having
mandatory insurance, living in rural areas or in areas with a high number of practicing

midwives per 1,000 births decreases the chance of CS without medical indication.

As every empirical study, also this analysis faces some limitations. First, there is no
classification code for non-medically indicated CS, whereby only an approximation
of the number of non-medically indicated CS cases is possible. Second, despite the
large amount of cases of a national dataset, the analysed data does not contain personal
(such as personal beliefs, fear of birth or maternal request) nor interpersonal (such as
care during pregnancy or obstetrician’s tendency) factors. Additionally, clinical
information is not available and it is unknown for example whether the woman is
nulliparous, primiparous, or multiparous. Therefore, it is not possible to distinguish
whether a non-medically indicated CS follows a previous CS. Having such variables
available would improve the predictive power of the ROC curves for the logistic
regression model. Furthermore, a mandatory nationwide collection of the information

specifying the classification according to Robson’s proposition would further
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strengthen the explanatory power of research on uncovering reasons and outcomes for

different birth modes in Switzerland.

2.1.6 Conclusion
We develop a strategy for identifying non-medically indicated CS in routine data in

absence of any unique identifying factor. CS without medical indication can be
determined based on a composition of DRGs, procedure classifications and diagnoses.
Thereby, this study reveals that at least 8% of CS were on a non-medically indicated
basis between 2014 and 2018. Factors significantly associated to non-medically
indicated CS are higher age, supplemental insurance, higher income, more available
staff at the hospital and living in urban areas. In contrast, living in an area with a
higher density of practicing midwives significantly decreases the likelihood of giving
birth by non-medically indicated CS, and thereby increases the likelihood of giving
birth spontaneously. Health policy implications derived from this research are
fourfold: first, obstetricians should be sensitized to special characteristics of women
undergoing CS in absence of any medical indication and be encouraged to
communicate the risks for both the mother and the neonatal more explicitly; second,
the density of practicing midwives should be increased in case they can reduce the
number of non-medically indicated CS and further promote the benefits of
spontaneous birth; third, the DRG cost weights for non-medically indicated CS and
SVB should be aligned to avoid inadequate incentive mechanisms to prefer non-
medically indicated CS over SVB due to higher reimbursement rates. Giving birth to
a child is different from typical treatments provided in a hospital, as personal beliefs

and preferences must be taken into consideration.
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Appendix
Additional file 1: Diagnoses used to exclude cases from the not medically indicated CS
dataset
ICD-10-GM | Definition
codes
032:- Care of the mother in the event of a detected or suspected positional and
attitude anomaly of the fetus
033-- Care of the mother in case of identified or suspected mismatch between
fetus and pelvis
034-2 Care for the mother with uterine scarring due to previous surgery
061-0 Failed medical induction of labor
061-1 Failed instrumental induction of labor
062:- Abnormal labor
063-- Protracted birth
064-- Obstruction of birth due to positional, postural and attitude anomalies of
the fetus
065-- Obstruction of birth due to anomaly of the maternal pelvis
068:- Complications of labor and delivery due to fetal distress [fetal danger]
069-- Complications of labor and delivery due to umbilical cord
complications

Additional file 2: Treatments used to exclude cases from the not medically indicated CS

dataset
CHOP codes Definition
74-:0X-20 Classic cesarean section, emergency
74-1X-20 Deep cervical cesarean section, emergency
74-2X-20 Extraperitoneal cesarean section, emergency
74-4X-20 Cesarean section of a different type, emergency
74-99-20 Other unspecified types of cesarean sections, emergency

CHOP = Swiss operation procedures
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221 Abstract
Background: Medication adherence is vital for patients suffering from Chronic

Obstructive Pulmonary Disease (COPD) to mitigate long-term consequences. The
impact of poor medication adherence on inferior outcomes like exacerbations lead-
ing to hospital admissions is yet to be studied using real-world data.

Method: Using Swiss claims data from 2015-2020, we group patients into five
categories according to their medication possession ratio. By employing a logistic
regression, we quantify each category’s average treatment effect of the medication
possession ratio on hospitalized exacerbations.

Results: 13,557 COPD patients are included in the analysis. Patients with high
medication adherence (daily medication reserve of 80% to 100%) are 51% less likely
to incur exacerbation following a hospital stay than patients with the lowest
medication adherence (daily medication reserve of 0% to 20%).

Conclusions: The study shows that medication adherence varies strongly among
Swiss COPD patients. Furthermore, high medication adherence immensely de-creases

the risk of hospitalized exacerbations.
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2.2.2 Background
In 2019, Chronic Obstructive Pulmonary Disease (COPD) was the third leading cause

of death worldwide [1]. Typical COPD symptoms are shortness of breath, sputum,
and cough [2]. In Switzerland, about 400,000 people suffer from COPD [3]. Annual
direct healthcare expenditures are CHF 603-847 million, while the indirect costs of
COPD amount up to CHF 932 million per year [4]. The prevalence of COPD is

particularly high in individuals with low socioeconomic status [5].

To treat COPD sustainably and slowing down the progress of the disease, COPD
patients are prescribed long- and short-acting medication. Long-acting medication
should be taken regularly to reach its full effect. Thus, it differs from short-acting
medication, which is taken according to acute need such as during shortness of breath
[2, 6]. Taking long-acting medication as prescribed alleviates disease-specific
symptoms, slows disease progression and prevents hospitalization due to acute
exacerbation [7]. Acute exacerbations are especially harmful as they result in
additional therapy, imply a setback in COPD patients’ health-related quality of life,

raise the risk of iatrogenic harm, and diminish lung function long-term [8, 9].

High medication adherence can help to better control disease progression, reduce
hospitalizations due to acute exacerbations and ultimately reduce cost [7]. Accord-ing
to the WHO, medication adherence refers to “the extent to which the person’s
behavior corresponds with the agreed recommendations from a healthcare provid-er”
[10]. A globally conducted study concluded that in clinical trials medication
adherence reaches up to 80% [11], while in real world settings, based on US data,
medication adherence is solely around 30% [12]. Similarly, a Korean study showed
that adherence is low by analyzing a nationwide health insurance dataset. The per-
centage of patients with high adherence was only around 34.7% and declined to 22.3%

over four years [13].

Implementing high medication adherence in COPD patients depends on, among
others, patients’ beliefs about medication and concerns about potential side effects,
experiences and satisfaction with medication effectiveness, personal circumstances

and health status [14]. Moreover, the patient-physician relationship and the physi-
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cian’s availability are also relevant factors for a high medication adherence [15-18].
Further, COPD patients report personal challenges related to medication ad-herence,

e.g., understanding appropriate intake or adhering to the correct timing of intake [18].

Some studies have already investigated the relation of medication adherence and acute
exacerbations [13, 19, 20]. However, only few studies focused on the rela-tionship
between medication adherence and hospitalization caused by acute exac-erbations
(see exemplarily Suh et al. [21], Chen et al. [22], or Weir et al. [23]). Nevertheless,

the medication adherence of COPD patients in Switzerland is un-known.

We use Swiss health insurance data to investigate medication adherence of Swiss
COPD patients and to analyse effects of low medication adherence on the risk of

hospitalization. Hence, our research questions are:

- How is medication adherence distributed among COPD patients?
- How does inadequate medication adherence impact the likelihood for a

hospitalized exacerbation?

We aim to use these results to contribute to the ongoing discussion regarding strat-
egies for improving medication adherence among individuals with this chronic
condition. Given the substantial prevalence of this patient group, even minor ad-
justments could potentially yield significant benefits. Similar to previous studies [19—
21], we estimate medication adherence from the proportion of days covered (PDC),
assuming that COPD patients had enough medication at home. We investi-gate
whether low adherence to prescribed long-acting medications made exacerba-tions
more likely using a logistic regression. Thus, we categorize COPD patients into

categories according to their PDC.

2.2.3 Methods
Data

We used claims data from Groupe Mutuel, a Swiss health insurance with a 10%
market share [24], from 2015 to 2020.
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The dataset included basic claims data, contract information, and billing data for each
insured person (see Table 2.5). Billing data covered the treatments and pre-scriptions
invoiced during the observation period. For each invoice, the date of
treatment/prescription, the amount of the treatment/prescription in CHF, the share
covered by the insurance, the tariff at which the treatment/prescription was billed, and
the tariff code were available. In case of inpatient treatments billed under the
SwissDRG tariff, the DRG code, the length of stay, and the reason for the stay (illness,

accident or pregnancy) were included.

Table 2.5: Overview of data types and variables included in dataset

Data type Variable

Year of birth

Basic claims data
Nationality (Swiss vs non-Swiss)

Type of insurance

Start (and if available) end date of contract

Contract information data
Deductible level

Premium reduction (only if received)

Date

Amount in CHF

Portion covered by insurance

Applicable tariff (TARMED, TARPSY, SwissDRG)

Billing data
(per treatment/ Tariff code
prescription)

Only for inpatient stays billed at SwissDRG:
Length of hospital stay
Reason for stay (illness, accident, or pregnancy)

For medication:
Pharma code (including package size and daily
recommended dosis)
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Sample

We included 13’557 insurees with prescriped COPD medication in our sample. In

Switzerland, health insurances are not allowed to save data on diagnoses. Thus, to

identify COPD patients in our dataset, we defined the following three inclusion

criteria:

Therapy with long-acting medication specific for chronic pulmonary dis-
eases: Long-acting medication should have be taken on a regular basis, but
the medication or rather the active component itself might have changed over
time depending on the COPD patient’s health status. Therefore, all
medications defined as long-acting medications in the GOLD standard [2]
were grouped together to identify COPD patients: Long-acting beta2 ago-
nists (LABA), long-acting antimuscarinic antagonists (LAMA), the com-
bination of LABA and LAMA, the combination of LABA and corticoster-
oid (ICS), the combination of LAMA and ICS, and the triple combination of
LABA, LAMA, and ICS. All COPD patients who received any of these
medications at least once during the observation period were included.

Age (> 40 years) to distinguish between COPD and asthma patients: Long-
acting medication can be prescribed to asthma as well as to COPD pa-tients.
The literature suggests that patients older than 40 years are more likely to
suffer from COPD than from asthma if they take at least one of the above-
mentioned medications [2]. Thus, to exclude asthma patients, we only
included insured persons older than 40 years in our sample.

Availability of claims data for at least two consecutive years prior to the
exacerbation: A hospitalized exacerbation was identified with the base DRG
E65 (COPD). The date of the hospitalized exacerbation was the cut-off date
and the observation of a COPD patient started two years before (see Figure
2.2). Thereby, 2015 and 2016 served as a pre-observation peri-od, as
exacerbations between 1st January 2015 and 31st December 2016 were not
traceable for two years within our dataset. Additionally, for COPD patients

with multiple hospitalized exacerbations, only the first hospitalized
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exacerbation, which allows an ex-ante observation period of two years (i.e.,
from 01/2017 onwards), was used to ensure independent observations. For
COPD patients without hospitalized exacerbations, by definition, there is no
exacerbation day that could have been used as a cut-off date. Therefore, we
chose a random period of two years. This ensured independent observations
even for non-hospitalized COPD patients.

- exacerbation, which allows an ex-ante observation period of two years, is
used to ensure independent observations. For COPD patients without
hospitalized exacerbations, by definition, there is no exacerbation day that
could be used as a cut-off date. Therefore, we chose a random period of two
years. This ensures independent observations even for non-hospitalized
COPD patients.

Figure 2.2: Schematic representation of the study design

Random observation

Observation period patient C
Observation period patient B 1
period patient A | f 1
1 [ \
[ ! | | f X | | b4 : | b >
01/15 07/15 01/16 07/16 o7 07/17 01/18 07/18 0119 07/19 01/20 07/20 01/21
i R — A I T
Pre-observation study g A .
period Hospitalized Hospitalized No exacerbation, random
exacerbation exacerbation observation period
patient A patient B patient C

First possible exacerbation to be observed
which was traceable for two preceding years

Legend: The period between 01/15 and 12/16 functioned as a pre-observation period. In case COPD patients
underwent a hospitalization due to an exacerbation during this period, these hospitalizations were con-
trolled for in the analysis of the impact of medication adherence on hospitalizations. However, hospitali-
zations due to exacerbations in the pre-observation period were not treated as observations but only as a
control variable. The first possible hospitalization due to an exacerbation to be observed in the sample stated
01/17, where patients’ medication adherence could be tracked for the two preceding years in the pre-
observation period. The point in time of the hospitalized exacerbation marked the cut-off date and
determined the two years of observation prior to the hospitalized exacerbation (e.g., observation period
patients A and B). For COPD patients without a hospitalized exacerbation, a random date marked the cut-
off date and the two preceding years were used for the observation (e.g., random observation period patient
C).
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Statistical Model

Using real world data, we approximated COPD patient’s medication adherence by
calculating their PDC. The PDC represents the proportion of days covered by COPD
patients’ personal home-inventory of long-acting medication taken with inhalers
during the period of investigation [21]. To estimate a patient's medication adherence
and its impact on the likelihood of hospitalization due to exacerbations, we applied

the following calculations:

Patient Medication Reserve: We calculated a patient's remaining supply of a long-
acting medication on a specific day. The reserve depended on the previous day's
reserve, the period when the medication was bought last respecting the package size
(in number of doses), and the recommended daily dose. If a patient switched between
different medication categories (e.g., from LABA to LAMA), we assumed both

medications were taken until one was no longer purchased.

Proportion of days covered (PDC): We determined the PDC for each COPD patient.
We calculated the proportion of days by dividing the number of days with enough
medication supply by the total observation period. The observation period in this study

was set to 720 years, i.e., two years.

To assess the causal effect of medication adherence on the probability of hospital-ized
exacerbations, we relied on the causal Rubin effect [25]. We measured the PDC's
Average Treatment Effect (ATE) on hospitalized exacerbations [26]. COPD patients
were divided into five categories (C1 = 0 to <20%, C2 = 20% to < 40%, C3 =40% to
< 60%, C4 = 60% to < 80%, and C5 = 80% to < 100%) based on their PDC values.
ATE is the difference between the expected outcomes (hospitaliza-tion) for patients

in different adherence categories.

To calculate the effect of medication adherence on hospitalized exacerbations, a
logistic regression model was used due to the binary nature of the dependent varia-ble
(hospitalization or no hospitalization). In the model, we controlled for socioec-onomic
factors (such as age, franchise level, chosen franchise increase or decrease, and

premium reduction), and medical factors (such as hospitalized exacerbations in the
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first two years of the observation period, purchase of short-acting medication,
purchase of methylxanthine, purchase of phosphodiesterase 4 inhibitors, and pur-
chase of mucolytic). The influence of medication adherence was estimated as a linear
combination of the category values (C2 to C5) (for further information see

Supplementary Information I).

224 Results
Figure 2.3 shows the distribution diagram of the number of COPD patients by PDC.

Category 1 on the left, for instance, includes all COPD patients who had a positive

medication reserve on 0 to 20% of the days of the observation period

Figure 2.3: Grouping of COPD patients according to the proportion of days
covered (PDC)

2,944 (21.7% 3,081 (22.7%) §

200

600

Number of patients

300

02 04 06 08
Proportion of days with long-acting medication reserve during the observation period

Legend: The X-axis shows the medication possession ratio (PDC) over all days in the observation period
and the Y-axis plots the number of COPD patients. Categories are indicated with dashed lines. The number
of COPD patients per category and their share of the total sample are indicated in the rectangles at the top.
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46.3% of the COPD patients are grouped in the first two categories, i.e., about half of
the patients has a PDC of less than 40% of the days during the observation peri-od.
At the same time, the number of COPD patients in categories 3 and 4 is rela-tively
low and second highest in category 5, i.e., the proportion of COPD patients who have
a rather high PDC.

Of the 13,557 COPD patients, 1,721 (12.6%) were hospitalized due to an exacerba-
tion. The lowest rate of exacerbations is present in category 5 with 225 out of 3,081
(7.2%) COPD patients, whereas the first category includes the highest rate of exac-
erbations with 619 out of 2,944 (21.0%) COPD patients (see Table 2.6). According-
ly the prescription of short-acting medications — provided during an acute worsen-ing
of the lung function — is highest in category 1. Regarding age, COPD patients in
category 5 are on average about 3.5 years younger than in category 1. Furthermore,
the rate of premium reduction is around 40% for all categories, whereas COPD
patients in category 1 most often receive premium reduction with about 42.8%,

meaning they have the lowest incomes.
Regression results: Impact on the exacerbation likelihood

Regarding the results of the main model, the regression analysis showed a signifi-cant
effect between higher medication adherence and hospitalized exacerbations (see Table
2.7). Control variables with significant associations to hospitalized exacerbations
were premium reduction, age, prescription of short-acting medica-tions, and

prescription of phosphodiesterase-4 inhibitors.

Figure 2.4 shows a large effect of higher medication adherence on the probability of
exacerbation, using category 1 as the reference value for each of the categories 2 to 5.
If the odds ratio of a category is less than 1, this means that COPD patients in this
category are less likely to be hospitalized due to an exacerbation during the
observation period compared to category 1. For example, Figure 2.4 displays that the
probability of an exacerbation is already about 28% lower if the PDC is >20-40%
(category 2). COPD patients with a PDC of more than 80% (category 5) have a 51%

lower probability of being hospitalized due to an exacerbation. We observe a



74 Low-value care

decreasing marginal utility of continuous medication reserve (i.e., belonging to a
higher category). Further, each category’s whisker stands for the confidence inter-val.
The confidence intervals decrease for higher medication adherence — indicat-ing that

a higher medication adherence allows for more accurate estimates.
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Table 2.6: Number of COPD patients, number and proportion of exacerbations, and mean of the model variables per category

Category 1 Category 2 Category 3 Category 4 Category 5 Total
Number of observations 2'944 3'336 2'411 1'785 3'081 13'557
(share of total) (21.7%) (24.6%) (17.8%) (13.2%) (22.7%) (100%)
Number (share of category) 619 446 268 163 225 1'721
exacerbations® (21.0%) (13.4%) (11.1%) (9.1%) (7.2%) (12.6%)
Average age in years 68.45(10.64)  66.51 (11.12)  66.05(11.27)  66.08 (11.36)  64.86 (11.30)  66.42 (11.18)
(standard deviation)
Premium reduction 42.8% 41.6% 40.0% 40.1% 38.6% 40.7%
Increase of the deductible 2.0% 2.6% 2.6% 2.6% 2.4% 2.4%
Reduction of the deductible  5.5% 7.6% 6.7% 4.4% 5.3% 6.0%
Hospitalized exacerbation 11.2% 5.5% 4.7% 3.3% 1.4% 5.4%
during the observation
period*
Purchase of short-acting 28.3% 20.8% 19.0% 17.1% 12.5% 19.7%
medication
Purchase of methylxanthine  0.3% 0.2% 0.3% 0.1% 0.1% 0.2%
Purchase of 2.3% 1.4% 0.7% 0.5% 0.1% 1.1%
phosphodiesterase 4
inhibitors
Purchase of of mucolytic 9.5% 9.0% 8.9% 8.6% 8.6% 9.0%

Legend: ° This variable indicates the total number and the corresponding share of a category of all exacerbations between 2015 and 2020.
+ This variable relates to the exacerbations which have taken place during the two-year observation period of individuals belonging to the different categories.
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Table 2.7: Regression output on the association of higher medication adherence with hospitalized exacerbations

. Estimate o Significance
Variable Abbreviation  coefficient Std. error OR 93% €l marker
Category 2 of the proportion of days with medication Q2 20319 0074 073 (0.63-0.84) sk
reserve
Category 3 of the proportion of days with medication Q3 -0.479 0.085 062 (0.52-0.73) sk
reserve
Category 4 of the proportion of days with medication Q4 0.637 0.100 053 (0.43-0.65) sk
reserve
Category 5 of the proportion of days with medication Qs -0.709 0.089 049 (0.41-0.59) sk
reserve
Current deductible = 500 Fs00 -0.018 0.065 0.98 (0.86-1.12)

Current deductible = 1'000 Fio00 -0.115 0.186 0.89 (0.61-1.29)
Current deductible = 1'500 Fis00 0.238 0.140 1.27 (0.96 -1.68)
Current deductible = 2'000 F2000 0.024 0.371 1.02 (0.49-2.15)
Current deductible = 2'500 Faso0 -0.043 0.236 096 (0.60-1.54)
Premium reduction R 0.261 0.057 130 (1.16-1.45) ok
Age A 0.017 0.002 1.02 (1.01-1.02) oAk
Increase of the franchise F+ -0.138 0.237 0.87 (0.54 -1.40)

Reduction of the franchise F- -0.181 0.138 0.83 (0.63-1.10)
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Variable Abbreviation colizglclil;tli Std. error  OR 93% €1 Slgmica?rlllcei
Hospitalized exacerbation during the observation period Ei2 1.580 0.087 4.85 (4.08-5.78) HrE
Prescription of short-acting medication B 1.280 0.058 3.60 (3.20-4.04) HrE
Methylxanthine prescription M 0.510 0476 1.67 (0.64-4.31)

Prescription of phosphodiesterase 4 inhibitors. P 1.410 0.194 410 (2.78-6.04) HrE
Prescription of mucolytic K -0.186 0.100 0.83 (0.68-1.01)

Intercept Bo 31.600 5.020 (0.63 - 0.84) ok

Legend: The significance levels were set at p<0.1*, p<0.05**, and p<0.01***; OR = Odds ratio; CI = Confidence Interval
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Figure 2.4: Hospitalization likelihood due to exacerbations in relation with higher

medication adherence

Category 1
(0-20%)

1.00

0.90

Odds Ratio

0.40

0.30
Category 2 Category 3 Category 4 Category 5
(=20-40%) (>40-60%) (>60-80%) (>80-100%)
Categories according to proportion of days covered (PDC)
Legend: The figure illustrates the decrease in the likelihood of hospitalized exacerbations per category.
Category 1 functions as the reference for the comparison with categories 2 to 5. The whiskers display the

95% confidence intervals.

2.2.5 Discussion
Furthermore, the share of premium reduction recipients among the COPD patients is

remarkably high. Premium reductions are granted to people living in modest
economic circumstances, where the family and financial situation is decisive for
receiving premium reductions [27]. In our sample, around 39% to almost 43% of all
COPD patients — depending on the corresponding category — receive premium
reduction. Compared to the average Swiss population, approximately 28% of all
insured persons received a premium reduction in 2020 [28]. The higher share of
premium reduction recipients is a sign for lower socioeconomic status among COPD

patients — as already highlighted by Eisner et al. [5].

In addition, potential influencing factors on hospitalized exacerbations were ana-
lysed. First, higher medication adherence lowers the risk for acute exacerbations,

which is in line with the literature [21-23, 29]. Our analysis shows that the risk for
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hospitalized exacerbations can be decreased around 51% in case of high adherence
(category 5) compared to non- respectively low adherence (category 1). However,
also COPD patients in categories 2 to 4 benefit from lower risks for exacerbations
(between 28%-48% less likelihood) compared to COPD patients belonging to cate-
gory 1. Similar results were also retrieved in RCTs where, for example, Vestbo et al.
[11] showed that adherence to inhaled medication is significantly associated with
reduced risk of death and admission to hospital due to exacerbations in COPD.
Furthermore, Torres-Robles et al. [30] found that medication adherence improves
clinical outcomes in COPD patients and that interventions on increasing medica-tion
adherence show positive results. These insights shows that COPD patients would
already benefit if general practitioners, outpatient specialists, and other medical
professionals could manage supporting patients in moderately increasing their
medication adherence. Potential approaches for increasing COPD patients’
medication adherence are individualized educational interventions [31, 32], re-
minders, motivational strategies, shared decision making or direct feedback on
medication use [32]. These approaches could also be incorporated into digital health

interventions (for example Spielmanns et al. [33]).

Medication adherence is categorized into three main stages: initiation, implemen-
tation and discontinuation [34]. The focus of this study is on the intersection of the
two latter stages — implementation and discontinuation — by calculating the PDC.
Although most COPD patients do not take their medications as prescribed (i.e., no full
implementation), they do also not completely quit taking their medications (i.e., no
full discontinutation). This inconsistent behaviour of COPD patients leads to the
assumption that they face certain challenges in their adherence habit such as personal
beliefs about the effectiveness of the prescribed medication, patient-physician
relationship or insecurities in the right usage of the medication [14-17]. Rising
awareness of these challenges in medication adherence plus knowing the factors (such
as higher age, receiving premium reduction, or prior exacerbations) being

significantly associated to a higher risk of exacerbations, health policy initia-tives
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should sustainably strengthen COPD patients’ medication adherence, e.g. when

implementing chronic care programs and/or digital health assistants.

The limitations of this study are twofold: Firstly, due to the missing patient diag-nosis
in the dataset, the number of COPD patients included in the dataset are ap-proximated
with two inclusion criteria: taking prescribed long-acting medication and age over 40
years. This means that, on the one hand, we might underestimate the number of COPD
patients as patients might not take any medication yet or they stopped taking
medication. On the other hand, we might include asthma patients in our sample
because there might be asthma patients older than 40 years taking long-acting
prescriptions. Both issues should be marginal, however, and not strongly influence
our results. Moreover, the advantage of claims data enabling us to ob-serve patients
intersectorally is more essential than the limitation of potentially underestimating the

number of COPD patients or including single patients with a different diagnosis.

Secondly, due to the empirical setting of this study, the number of observed varia-bles
is limited. Two areas with potentially unobserved control variables include the COPD
patient’s personal motivation and financial situation. Personal motivation is difficult
to quantitatively replicate based on the used dataset but may have an im-pact on both
medication reserve and the likelihood of exacerbation. Furthermore, high personal
motivation might positively influence COPD patients’ health literacy and their body
awareness. These two factors potentially reduce the exacerbation risk. However, in
our study, we only focus on the association of the PDC with ex-acerbation likelihood.
Therefore, we might overestimate this effect as we neglect the association of
motivation with exacerbation likelihood. Additionally, the finan-cial situation may
influence the utilization of healthcare services, as there is some cost sharing in the
Swiss insurance system between insured persons and insurances. We aimed to
consider this by including premium reduction as control variable. However, it is only
a proxy, since the variable premium reduction only adjusts for lower income groups.

If there is no premium reduction, the exact income level is still unknown.

For future research, a better understanding of COPD patients’ needs on potential

supporting mechanisms to promote higher medication adherence has to be estab-
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lished. Through a deepened understanding of current needs or challenges faced by
COPD patients, researchers may be able to develop supportive tools to empower
COPD patients in their daily lives to deal with the challenges of COPD and to in-
crease their medication adherence. On the one hand, the risk of hospitalized exac-
erbations can be decreased, whereas on the other hand, the COPD patient’s health-
related quality of life should be conserved through a potential slowdown of the

progression of the disease.

2.2.6 Conclusion
To conclude, medication adherence according to prescription halves the risk for

hospitalized exacerbations. Generally, medication adherence is low meaning that
there is vast potential to improve patient-relevant outcomes without “inventing” a new
treatment but by supporting COPD patients. There are two main levers to do this: (1)
Strengthening health literacy so that patients understand the importance of regular
medication intake and (2) structured, physician-led support programs such as disease
management programs or chronic care programs. The first lever is pa-tient-focused
whereas the second physician-focused, yet both can be supported digitally.
Additionally, COPD patients’ support needs should be further analysed and focused
on in future research, especially in the context of digital support tools. Future policy
changes in Switzerland and elswhere should strengthen the incentive structures for
physicians and COPD patients to use disease management programs and to finance

digital health interventions.
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Appendix
Supplementary Information I: Formulas on the calculation of the proportion of days

covered (PDC)

To approximate the PDC, the following formula were used:
Repa = maX(Rt—l,LA + H{Medication bought in Period t} Spa — Dra 0) 1

Yio1 Liryy 4500

MPR =
T

(2)

Formula (1) represents the patient’s reserve R of a long-acting medication L4 on a
particular day ¢ in recursive form. The reserve R,;, depends on the reserve R;_; ;4
of the previous day (z-1) and the period when medication was bought last respecting
the package size (in the number of doses) S;, and the recommended daily dose D, 4.
If a COPD patient switched from one medication category to another, such as from
LABA to LAMA, we assume both medications are taken simultaneously until one is
no longer purchased. With formula (2), we calculate the PDC per COPD patient by
dividing the sum of all days with enough medication reserve by the total days of the

observation period, i.e., by 720 days.

To estimate the causal effect of medication adherence on the probability of a
hospitalized exacerbation, we rely on the causal Rubin effect. Accordingly, we
quantify the average treatment effect (ATE) of the PDC on hospitalized exacerbations
22| As the treatment variable for calculating the ATE must be finite, we divided COPD
patients into five quintiles Q, with q € {1,2,3,4,5} based on COPD patients’
respective PDCs. Each COPD patient has a potential outcome y for the individual
adherence status g denoted by the value of the dummy variable Q, (i.e., O, = I means
"COPD patient belongs to the group with adherence status ¢" and O, = 0 means
"COPD patient does not belong to the group with adherence status ¢"). Formally, we
define the ATE as

Bate,q = E(Yq - Y1) (3)
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with E representing whether a COPD patient was hospitalized for exacerbation. The
control group is the first quintile Q;, which includes all COPD patients with a PDC of
0 to <20%. Quintiles for g, through g5 have a PDC of 20% to <40%, 40% to < 60%,
60% to < 80%, and 80% to < 100%. Thus, the respective ATE is estimated on a total
of four levels. The effect measure By q indicates the average reduction in the
probability of being hospitalized due to an exacerbation (for information on the

satisfaction of the “conditional independence assumption” see Further Specification
I).

Logistic regression is used due to the binary nature of the dependent variable

(hospitalized exacerbation £ = /, no hospitalized exacerbation £ = 0):

P(E=1|Bo+ P Qq+VeX + W )=SBo+ B QU+ X + W) (4

with
S(Bo+ By Qg+ 1 X + py W)= ——— . (5)
1 + e (Bo+Bq Qq+yx X"+ my W')
where the influence of medication adherence is estimated by
Bq Qg =B2Qz2+ B3 Q3+ Bs Qs+ Ps Qs (6)
and the influence of socioeconomic factors is taken into account with
Yo X =VieFr + Y2 FP+vs FT +vaR+ys 4 (7
and finally medical factors are considered with
b W= Er o+ 1B +usM+p, D+ s K (8).

Simplified, formula (4) expresses the probability P per COPD patient of being
hospitalized with an exacerbation (E = 1), depending on the quintile of medication
reserve Qg (formula (6)), socioeconomic factors X (formula (7)), and medical factors
W (formula (8)). Due to the logistic nature of the regression analysis, formula (5)
shows the exponential form of the regression equation. An overview of the notation

of the variables is provided in Further Specification II.
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To satisfy identifying assumption (1), i.e., the CIA, variables that have an effect on
both the quintile assignment and the dependent variable are used as control variables
that we grouped into two categories: Socioeconomic factors (age A, franchise level
Ff, chosen franchise increase F* or decrease F~, and premium reduction R) and
medical factors (hospitalized exazerbations in the first two years of the observation
period E;_,, purchase of short-acting medication B, purchase of methylaxthine M,
purchase of phosphodiesterase 4 inhibitors D, and purchase of mucolytic K). The
deductible Fy serves as a proxy of risk preference relative to expected healthcare
expenditures. Since it is possible to change the deductible rate at the beginning of each
calendar year, we use the deductible F; an insured person has at the very end of the
observation period. To control for changing deductible rates between two subsequent
years, the increase (F*) and the decrease (F ~) of the deductible is included as a control
variable. The deductible F; and the changes in deductibles (F *and F™) approximate
the severity of COPD, as individuals who expect high health care costs to occur in the
upcoming year may accordingly adjust their deductible. In addition, the premium
reduction R is included to control for the socioeconomic status approximated by

income. Only insured with low income are eligible to obtain a premium reduction.

Consequently, whether a COPD patient has ever been hospitalized for an exacerbation
during the observation period is taken into account (E.z). This control variable
approaches the COPD patients ability on dealing with the disease. Frequent
hospitalized exacerbations may indicate poor disease management. Furthermore,
short-acting medications (B) are used as a proxy for COPD severity. The GOLD
standard defines two short-acting medication groups, namely beta, agonists (SABA)
and antimuscarinic antagonists (SAMA), and their combination 2. These medications
may be taken in addition to the long-acting medications and indicate that this COPD
patient has higher disease severity. Other agents used in the treatment of COPD
include methylxanthines (M), phosphodiesterase-4 inhibitors (D), and mucolytics (K).
These are used during acute worsening of lung function and hint at a non-hospitalized

exacerbation.
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Further Specification I: Conditional independence assumption

The most important difference between the identification of the ATE in an
experimental setting, e.g., in a randomized controlled trial, versus the “Selection on
Observables” applied in this study, is a weaker form of independence assumption, i.e.,
a conditional independence assumption (CIA). The CIA is violated when unobserved
or empirically untested or untestable influencing factors are present.5F In such cases,

it is assumed that most likely unexplained confounding factors affect the ATE.

According to these considerations, an empirical strategy suitable for the "Selection on
Observables" method is used. Therefore, five identifying assumptions for each patient
in this sample apply: 1) The assignment of a case to the treatment and control group
according to CIA depends on the characteristics of the control variables. Hence, the
treatment must actually depend on the values of the observed control variables
measured for the case. This means that all necessary control variables are observed.
2) Each patient (i.e., each observation) could receive or not receive the treatment. This
implies that there should be no patient subgroups (e.g., patients above 80 years) that
occur in only one of the quintiles. By using the descriptive results, violations of this
assumption can be excluded. 3) The treatment does not affect the control variables in
a way that is related to the outcome. This means that e.g., that age potentially affects
medication reserve, but medication reserve does not affect patient age. 4) A patient's
treatment status only affects the individual outcome. This signalizes that a patient’s
own medication reserve does not affect another patient's likelihood of a hospitalized
exacerbation. 5) There are only as many different potential outcomes as there are
different treatments and one is observed for each subject. This indicates that the
variation in medication reserve among multiple patients within a quintile should be

small.




90 Low-value care

Further Specification II: List of model variables with corresponding abbreviations

Variable/ . i .
Category Abbreviation Description Variable type
Probability The hkehh(.md. that a patient Percentage value between
. P will be hospitalized due to an
function . 0 and 100
exacerbation
. Designation of the
Exponential . .
. S exponential function of a -
function - .
logistic regression
Dep endent E Hospitalized exacerbation Binary, 0 or 1
variable
Independent Quintile q of .the propor’qon .
. of days with medication Binary, 0 or 1 (per
variable of Qq . . o
. reserve in all days in the quintile)
Interest . .
observation period.
A Age Steady
Most recent deductible (with
f equal to 350, 500, 1,000, Binarv. 0 or 1
Fi 1,500, 2,000, or 2,500, i.e., (per fgﬁchise)
Soci . at the end of the observation P
ocioeconomic period
control
variables . Increase in deductible during .
F the observation period Binary, O or 1
Reduction of the deductible Binary. 0 or 1
during the observation period >
R Premium reduction Binary, 0 or 1
Hospitalized exacerbations in
Ei2 the two years of the Binary, 0 or 1
observation period
B Purchase of short-.actmg Binary, 0 or |
Medical medication
coqtrol M  Purchase of methylxanthine Binary, 0 or 1
variables
Purchase of
D phosphodiesterase 4 Binary, O or 1

inhibitors

K Purchase of mucolytic Binary, O or 1
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3 Enhancing the usefulness of PROs
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3.1.1 Abstract
Background: The self-perceived health status of patients undergoing total hip and

knee arthroplasty (THA and TKA) might differ post-operatively due to gender, age,
or comorbidities. Patient-reported outcome measures (PROMs) such as the EQ-5D-
5L measure the self-perceived health status. This study investigates whether the index
score of the EQ-5D-5L is a valid tool for interpreting gender differences in outcomes
for patients undergoing THA and TKA.

Methods: Routine and PROM-data of elective primary THA or TKA patients in two
German hospitals between 2016 and 2018 were analyzed. Univariate analysis with
Pearson’s chi-square was conducted to identify control variables for gender. To
quantify the association between gender and the EQ-5D-5L dimensions, a cumulative
odds ordinal logistic regression with proportional odds was conducted.

Results: 2368 THA patients (m=978; f=1390) and 1629 TKA patients (m=715;
f=914) were considered. The regression analysis of the individual EQ-5D-5L
dimensions showed that female gender was significantly associated with better self-
care (THA and TKA) and better post-operative mobility (THA). In contrast, male
gender was significantly associated with less pain/discomfort (TKA) and less
anxiety/depression (THA) pre-surgery and 3-months post-surgery.

Conclusion: Our results confirmed that the self-perceived health status improved
after surgery. However, due to the different associations of gender to the individual
dimensions of the EQ-5D-5L, the weighted index score clouds the comparability
between patients with different gender undergoing THA or TKA. Therefore, we argue
to use the individual five dimensions for health status analysis, to reveal relevant
additional information.

Keywords: Total hip arthroplasty, Total knee arthroplasty, Patient-reported outcome
measures (PROMs), Gender differences, EQ-5D-5L
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3.1.2 Background
Patient-reported outcome measures (PROMs) quantify the self-perceived health status

of patients. Over the past years, they gained higher utilization in clinical care [1-3]
and digital health interventions [4—6]. Two main PROM groups exist: 1) generic such
as the EuroQol five-dimension five-level questionnaire (EQ-5D-5L), and 2) disease-
specific such as the Western Ontario and McMaster Universities Osteoarthritis
questionnaire (WOMAC), focusing on hip and knee joints [7]. Disease-specific
instruments complement generic instruments, as they highlight disease-specific
problems regarding a particular disease that a generic instrument cannot cover.
However, both instruments allow for objectively evaluating patients’ health status in

a valid, reliable, and systematic manner [8—10].

Total hip and knee arthroplasty (THA and TKA) are standardized treatments. Female
patients are up to three times more likely to undergo TKA at a more advanced stage
[11-13]. Multiple studies reported that the preoperative [13—15] and sometimes also
post-operative self-perceived health status [16] differ by gender. The reasons for these
differences are assumed to be diverse. Literature suggests various reasons for female
patients experiencing worse health status such as being referred to a surgeon with a
higher degree of disability, higher risk of complications, and unwillingness to accept
surgery [12, 14, 17]. The unwillingness to accept surgery might be developed due to
a general increase in the perceived risk for morbidity and mortality after surgery or
previous negative experiences in health systems due to gender biases [18-20].
Additionally, female patients tend to be older when undergoing arthroplasty,
especially in case of THA [17, 21], and age is negatively associated with health status
[22-25]. Regarding EQ-5D-5L scores, female gender, older age, and low
sociodemographic status are related to worse scores in most dimensions in the general
population [22, 26, 27]. Furthermore, differences in (total) scores by gender are also
observed in the WOMAC, as female patients indicated more problems especially with
pain. Therefore, the literature emphasizes evaluating and elaborating more gender-

specific treatment strategies [28—30].
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To enhance gender-specific treatment strategies, previous research highlighted the
consideration of the individual dimensions of the EQ-5D-5L instead of the index score
as the deconstruction provides insights into the contribution of the individual
dimensions to the index score [26]. Additionally, the index score of the EQ-5D-5L is
established based on national preferential weights, where cross-society preferences
are reflected. The aim of selecting respondents for the national weighing is to achieve
a quota-based gender ratio according to national statistics. The German value set was
established on a participant dataset consisting of 53.4% female respondents [31].
Nevertheless, cross-society preference weights do not have to reflect specific
preferences of individual sub-groups, such as patients undergoing THA or TKA.
Therefore, analyzing dimensional scores becomes critical in stratifying and

understanding differences in patients’ health status composition.

While there is research on health status differences by gender [14, 32, 33], it has not
been analyzed whether systematic gender-specific differences are observable in the
dimensions of the EQ-5D-5L for THA and TKA patients pre- and post-surgery. A
granular analysis of the differences per dimension helps to understand patients’
gender-specific health status pre- and post-surgery, and their recovery pathway.
Consequently, these findings can be used to improve outcomes from THA and TKA,
by e.g., more accurately monitoring recovery pathways and adapting treatment
protocols according to health status development. To the best of our knowledge, no
study has yet assessed THA and TKA patients’ values of EQ-5D-5L dimensions by
gender over time. Hence, the research question is: “What are the differences in the
association between gender and the EQ-5D-5L dimensions in patients undergoing

total hip and knee arthroplasty pre- and post-surgery?”.

3.13 Methods
Study design

This study is a retrospective data analysis based on a prospectively collected dataset.
The STROBE Statement guidelines for reporting observational studies were followed
[34]. The Ethic-Commission of the Federal State of Hamburg, Germany, was
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informed and approved the study (2021-300010-WF). Data was saved, processed, and

analyzed anonymously.
Patients

PROM- and routine data of 2368 patients (male (m) = 978; female (f) = 1390)
undergoing elective primary THA and 1629 patients (m = 715; f = 914) undergoing
elective primary TKA in two private German hospitals belonging to the same hospital
chain between January 2016 and December 2018 were analyzed. PROM-data is not
routinely collected in German hospitals. Therefore, the patients were asked to give
their written consent. Patients filled in the pre-surgery (at the day of admission), 3-
and 12-months post-surgery EQ-5D-5L, and WOMAC questionnaires. The data of
patients who underwent revisional THA or TKA, or THA after femur fracture and
those who did not consent to PROM-data collection were excluded from the analysis
(Fig. 3.1).
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Figure 3.1: Patient flow diagram by follow-up time, procedure, gender and EQ-5D-5L

response

Total number of patients who underwent THA or TKA

Excluded n=1350 (THA)/364
THA (9478, 100%) TKA (5741, 100%) (TKA)
male (m): 3652 (38.5%); m: 2249 (39.2%); Exclusion reasons:
female (f): 5826 (61.5%) f: 3492 (60.8%) + Paticnte submifted for revision
THA or TKA

Patients who underwent THA
after femur fracture

A4
.

¥

Total number of patients who underwent primary

THA (8128, 85.8%) TKA (5377, 93.7%) Excluded n=5760 (THA)/3748
(TKA)
m: 3152 (38.5%):; m: 2004 (38.9%);
Exclusion reasons:
f: 4976 (61.5%) f: 3283 (61.1%)

o Patients did not give consent for
PROM-data collection (n=3087

v

v (THA)/1970 (TKA))
Total number of patients who filled in the EQ-5D-5L e Missing EQ-5D-5L datain at
least one follow-up time (3
pre-surgery and at 3- and 12-months FU months FU: n=1721 (THA)/
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n=952 (THA)/707 (TKA))
m: 978 (41.3%); m: 715 (43.9%):
£ 1390 (58.7%) £ 914 (56.1%)

Legend: FU: Follow-up; THA: Total Hip Arthroplasty; TKA: Total Knee Arthroplasty. The percentages
after the total number of THA and TKA patients indicate the retention rate. The percentages after male and

female gender indicate the distribution within the remaining sample.
Patient-reported outcome instruments

The EQ-5D-5L encloses the following five dimensions: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. Each dimension provides five
answer levels: no, mild, moderate, severe, and extreme or unable to [35]. The EQ-5D-
5L health index scores (also called values) ranges from 0 (death) to 1 (perfect health).
It might even drop into a negative range, where certain health status is considered
worse than death. EQ-5D-5L values are calculated based on national preference

weights defined per dimension — called value sets [8, 36]. The answers on each
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dimension are used to calculate the index score according to national preference
weights. In the German value set, pain/discomfort and anxiety/depression are
allocated with higher utility weights than the functional dimensions: mobility, self-
care, and usual activities. Additionally, the dimension pain/discomfort has the highest
impact on the health status [31]. The latest EQ-5D version with five levels was chosen
due to its improved informational value, higher sensitivity, and accuracy in health

status measurement [37, 38].

The WOMAC - a disease-specific instrument for the evaluation of hip and knee
osteoarthritis [9, 10] — includes 24 items covering three dimensions — pain (5 items),
stiffness (2 items), and physical function (17 items). Each dimension of the WOMAC
consists of five levels: none, mild, moderate, severe, or extreme. Within a dimension,
the scores of all items are added up. This results in pain taking values from 0 to 20,
stiffness oscillates between 0 to 8, and physical function ranges from 0 to 68. The total
WOMAC score is generated by summing up all values of the individual dimensions.
The lower the total or individual-dimension WOMAC score, the less the patient

suffers from pain, stiffness, or physical limitations [39, 40].
Data analysis

We used the PROMs (EQ-5D-5L, WOMAC) and routine hospital data on patient
characteristics (such as sociodemographic data, medical conditions, and surgical
details) from THA and TKA patients operated at two German hospitals. PROMs were
measured pre-surgery, 3-months, and 12-months post-surgery. The dimensions of the

EQ-5D-5L serve as main area of investigation.

Differences regarding the surgical procedures and gender were described by
independent-samples t-test or Mann—Whitney U depending on the variable’s
characteristics or distribution. The health state indices of the EQ-5D-5L were

calculated based on the German value set [31].

To quantify the association between gender and the EQ-5D-5L dimensions, a
cumulative odds ordinal logistic regression with proportional odds was conducted

[25] (for the formula and additional information see Online Resource 1). Age was
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included as control variable in all calculations. The relationship between age (in years)
and health status has been extensively discussed [22, 26, 41, 42]. Other control
variables such as the Elixhauser Comorbidity Index, walking distance, and walking
aid pre-surgery, or surgery duration were included in the calculations based on the
correlation significance of Pearson’s chi-square between gender and the control

variables (for results see Online Resources 2 and 3).

At each measuring point (pre-, 3-, and 12-months post-surgery) the corresponding
WOMAC total score was included as a control variable for each patient. Literature
provides evidence that the WOMAC subscale scores — especially pain and functional
disability — are associated with changes in the EQ-5D-5L values, i.e., disease-specific
PROMs are interrelated with generic health states [43]. However, since the WOMAC
total score is built of the sum of its subscale scores — and no weighing of individual

subscales applies — the total score was considered in the ordinal logistic regression.

All analyses and calculations were performed separately for patients who underwent
THA and TKA to quantify the association between gender and health status more

precisely. All analyses were conducted with IBM-SPSS version 28 [44].

3.14 Results

Descriptive statistics

The average age of male THA patients was 68.72 years (f = 68.9 years), with a mean
length of hospital stay of 7.34 days (f = 7.46 days) and a mean surgery time of 46.47
min (f = 45.76 min). The specific and general in-hospital complication ratios were
around 2% or lower for both gender. Regarding the WOMAC total scores, male
patients started with lower values, i.e., better scores. The scores of the male patients
remained lower (better) 12-months post-surgery compared to female patients.
However, both genders experienced an improvement in total WOMAC scores over
time, while significant score differences between the gender existed preoperatively (p
<0.001) and at 3-months post-surgery (p = 0.019) (Table 3.1).
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Table 3.1: Descriptive statistics

TKA

Male patients Female patients Male patients Female patients

Variable
(n=978) (n=1390) (n=715) (n=915)
Age (years) 68.72 (9.05) 68.86 (9.18) 71.00™ (7.90) 70.00™ (8.70)
LOS (days) 7.34 (4.16) 7.43 (4.01) 7.44 (3.55) 7.37 (3.42)
Surgery duration (min.) 46.47 (18.06) 45.76 (17.05) 57.83"" (17.67) 55.26™" (18.72)
In-hospital complication ratio (general) 0.03 (0.16) 0.02 (0.14) 0.03 (0.16) 0.02 (0.12)
In-hospital complication ratio (specific) 0.01 (0.10) 0.01 (0.11) 0.02" (0.12) 0.04™ (0.07)

EQ-5D-5L (pre-surgery)

0.576™ (0.275)

0.512" (0.291)

0.625" (0.253)

0.534" (0.284)

EQ-5D-5L (3-month FU)

0.883"(0.156)

0.867" (0.172)

0.844" (0.163)

0.817° (0.182)

EQ-5D-5L (12-month FU)

0.910 (0.149)

0.903 (0.160)

0.885" (0.154)

0.8627" (0.169)

WOMAC (pre-surgery) 4566 (15.52) 50.15 (14.61) 4177 (15.28) 46,44 (14.39)
WOMAC (3-month FU) 13.05 (12.19) 1436 (12.59) 17.87 (13.45) 20.00"" (14.28)
WOMAC (12-month FU) 11.02 (12.98) 11.98 (13.89) 1443 (13.64) 17547 (15.13)
Elixhauser Comorbidity Score 3.80™ (4.96) 3.31™ (4.55) 3.46 (4.77) 3.26 (4.34)

Statistically significant differences between gender are indicated by p < 0.05** and p < 0.01%**

LOS Length of stay, SD Standard Deviation

The following in-hospital complications are categorized as specific: Misplacement of the implant; secondary dislocation of the implant; closed or open reposition of

the implant; lesion of vessels; lesion of nerve roots; periprosthetic fractures and wound infections. General in-hospital complications are defined as: Pneumonia;

urinary tract infection; sepsis; pulmonary embolism; venous thromboembolism; cardiac complications; etc. For reasons of simplicity and clarity, the most informative

variables are shown. A full table of all variables used in the further analysis is attached to Online Resource 4.
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On average, male TKA patients were 71.0 years old, whereas female patients were
one year younger at surgery (p = 0.015). After TKA, male patients stayed on average
7.44 days (f = 7.37 days) in the hospital, and the mean surgery time was 57.83 min (f
= 55.26 min, p = 0.005). When referring to the in-hospital complication ratio, a
significant difference between gender was observable only for specific complications.
The WOMAC scores for male patients were lower pre- and post-surgery compared to
female patients. However, both gender showed WOMAC score improvements over
time, while the scores between the gender remained significantly different over all

measuring points (Table 3.1).
Gender differences in generic health index score (EQ-5D-5L) over time

Male patients in the THA group perceived a mean health index score improvement of
0.334 between pre-operative and 12-months post-surgery, while female patients
experienced an improvement of 0.391. Hence, female patients perceived a larger

health status improvement within the first 12 months after surgery (p < 0.001).

In the TKA group, male patients had on average a preoperative health status index of
0.625 which improved to 0.885, while female patients showed an improvement from
0.534 to 0.862. Thus, female patients started with lower values, and despite higher
improvement rates, they did not experience the same post-operative health status
enhancement as male patients. However, the improvement rates between gender tend
to be significantly different (p < 0.001) (Fig. 3.2).
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Figure 3.2: Mean EQ-5D-5L total score and corresponding standard deviations for the

patients in the total hip and total knee arthroplasty groups by gender over time
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Legend: THA: Total Hip Arthroplasty; TKA: Total Knee Arthroplasty

When comparing the two types of arthroplasties, TKA patients started with higher
EQ-5D-5L total scores (m = 0.625, f = 0.534) compared to THA patients (m = 0.576,
f=0.511). However, THA patients showed higher mean health status values 3-months
post-surgery (THA: m = 0.883, £=0.867; TKA: m = 0.844, f=0.817). At 12-months
post-surgery, all patient groups recorded a health status improvement over time.
Nevertheless, THA patients showed a larger overall health status improvement (THA:
m=+0.334, f=+0.391; TKA: m =+ 0.260, f =+ 0.328).

Comparison of EQ-5D-5L dimension scores by gender

In the THA group, significant differences regarding gender were observed in the

dimensions of self-care and anxiety/depression at all measuring points. Additionally,
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significant differences were detected in usual activity and pain/discomfort pre-
surgery. However, this effect was significant only for pain/discomfort 3-months post-
surgery. In the TKA group, the dimensions of pain/discomfort and anxiety/depression
differed significantly per gender pre- and post-surgery. Furthermore, mobility and
usual activity differed significantly concerning gender, but this effect was no longer
present post-surgery (Table 3.2). For both THA and TKA, the dimension with the
lowest scores was pain/discomfort pre-and post-surgery. Furthermore, both patient
groups indicated the least problems in the dimension self-care pre- and post-surgery,

while in THA usual activity reached the same level as self-care 12-months post-

surgery.



Patient-reported outcome measures

103

Table 3.2: Comparison of the EQ-5D-5L dimensions by gender

THA TKA

Male Mean (SD) Female Mean (SD) Male Mean (SD)  Female Mean (SD)
Mobility
pre-surgery 1.81(0.73) 1.86 (0.72) 1.75"*(0.72) 1.82"* (0.67)
FU3 1.32 (0.56) 1.30 (0.57) 1.34 (0.57) 1.34 (0.57)
FU12 1.37 (0.71) 1.31 (0.64) 1.37 (0.63) 1.42 (0.72)
Self-care
pre-surgery 1.27"** (0.55) 1.217* (0.50) 1.15 (0.42) 1.13 (0.42)
FU3 1.08™ (0.31) 1.06™ (0.28) 1.08" (0.28) 1.06™ (0.30)
FU12 1.117(0.39) 1.07""* (0.33) 1.13 (0.44) 1.11 (0.41)
Usual activity
pre-surgery 1.66™" (0.73) 1.73" (0.73) 1.55" (0.69) 1.66™ (0.68)
FU3 1.25 (0.51) 1.27 (0.51) 1.32 (0.55) 1.34 (0.56)
FU12 1.117(0.39) 1.07" (0.33) 1.32"(0.60) 1.42" (0.69)
Pain/discomfort
pre-surgery 2.34"(0.65) 2.47" (0.66) 2.24" (0.64) 2.417(0.66)
FU3 1.44™ (0.57) 1.51"* (0.61) 1.63"* (0.59) 1.74™* (0.60)
FU12 1.43 (0.65) 1.46 (0.67) 1.55™ (0.67) 1.73" (0.77)
Anxiety depression
pre-surgery 1.28"" (0.55) 1.47" (0.65) 1.18" (0.42) 1.46™ (0.67)
FU3 1.08"" (0.30) 1.14™ (0.39) L1177 (0.37) 1177 (0.42)
FU12 1.14"(0.45) 1.18" (0.50) 1.13" (0.43) 1.19"(0.50)

Statistically significant difference between gender at a **95% and ***99% significance level

SD Standard Deviation, FU Follow-up
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Association of gender with the EQ-5D-5L dimensions

When controlling for confounders such as age, pre-surgical conditions, and disease-
specific health status in the ordinal logistic regression, the association of gender with
the individual EQ-5D-5L dimensions was investigated. In the THA group, female
patients showed significantly higher odds for better (lower) mobility levels post-
surgery, although pre-surgery the odds ratio was slightly, but non-significantly, in
favor of male gender (OR = 0.996). In the dimension of self-care, female gender was
significantly associated with better self-care levels at baseline and 3- and 12-month
follow-ups. In the dimension of usual activities, female patients achieved better scores
post-surgery. However, the association is significant only 12-months post-surgery. In
contrast, female gender was significantly associated with worse values (decreased
odds) in the dimension anxiety/depression pre- and 3-month post-surgery.
Nevertheless, this association was no longer significant 12-months post-surgery.
Furthermore, in pain/discomfort, there were no significant associations with either
gender, while the odds ratio favored male gender in the first two measuring points,

12-months post-surgery female gender was associated with better scores (Fig. 3.3).

The pre-surgical mobility odds ratio is slightly better for male gender (OR = 0.906),
whereas female patients tend to display better scores post-surgery. However, none of
the associations for mobility are significant. Female gender is significantly associated
with better scores in self-care pre- and post-surgery. No clear association to one of the
gender is observable in usual activity. In contrast, being a male patient is significantly
associated with better scores in pain/discomfort pre- and 3-month post-surgery.
Additionally, being of female gender was significantly associated with worse scores
in the dimension anxiety/depression preoperatively. However, this effect is no longer

observable post-surgery (Fig. 3.4).
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Figure 3.3: Association of gender with EQ-5D-5L dimensions of total hip arthroplasty

over time
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Legend: Values are odds ratio and their 95% CI for female gender; significant Odds ratio at a ¥*¥*95% and
**%99% significance level, FU = Follow-up; Notes: Coefficients of the control variables related to age,
Elixhauser Comorbidity Index, WOMAC, pain, the modified Kellgren-Lawrence Classification, severity
of joint destruction in rtheumatic diseases, pre-operative conditions, walking distance and aid at admission
were included in the pre-surgical dimensions, while early mobilization, clinic type, length of stay, and
surgery duration were added to the post-operative regressions, too. Additionally, pre-surgical EQ-5D-5L
dimensions were included in the post-operative regressions to avoid omitting the effect of pre-surgical
conditions on post-surgical outcomes. The coefficients of the control variables are attached to Online
Resource 5.
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Figure 3.4: Association of gender with EQ-5D-5L dimensions of total knee arthroplasty

over time
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Legend: Values are odds ratio and their 95% CI for female gender; significant Odds ratio at a **95% and
***99% significance level, FU = Follow-up; Notes: Confidence intervals are set to 95%. For TKA,
coefficients of the control variables related to age, Elixhauser Comorbidity Index, WOMAC, pain, severity
of joint destruction in rheumatic diseases, pre-operative findings, patient clinical complexity level (PCCL,
a measure for the degree comorbidities), walking distance and aid at admission were included in the pre-
surgical dimensions, while post-operative condition, surgery duration, walking distance and aid at discharge
were added to the post-operative regressions, too. Additionally, pre-surgical EQ-5D-5L dimensions were
included in the post-operative regressions to avoid omitting the effect of pre-surgical conditions on post-
surgical outcomes. The coefficients of the control variables are attached to Online Resource 6.

3.1.5 Discussion
This paper comprehensively investigated the relationship between gender and the

dimensions of the EQ-5D-5L. Our results confirmed previous studies on the potential
of THA and TKA in improving quality of life since self-perceived health status
improved significantly after surgery [17, 21, 42, 45]. From a gender perspective,

female patients experienced higher health status improvements in total scores than
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male patients, however, remained at a lower level in the total scores post-surgery. This
was measured with both PROM instruments (i.e., the EQ-5D-5L and WOMAC). The
results are in line with previous studies highlighting this imbalance, especially pre-
surgery [13, 15, 26]. The pre-surgical health condition is the strongest predictor of
health gains after surgery [42, 46].

Diving into the dimensions of the EQ-5D-5L, male patients rated most of the
dimensions with lower, i.e., more favorable, levels. Male gender was significantly
related to better (lower) anxiety/depression (THA) and pain/discomfort (TKA) levels
pre- and 3-month post-surgery. This effect diminished 12-month post-surgery.
Interestingly, Casetta et al. [47] found that the mental health state of female patients
remained better while facing chronic conditions such as multiple sclerosis, although
physical functioning decreased. Contrarily, our conclusions lead to the opposite
assumption of male patients showing better mental health (anxiety/depression) pre-
and post- arthroplasty. Potential explanations could be the underreporting of mental
health concerns among male patients or female patients’ increased pain sensitivity in
combination with a certain degree of severity of the chronic disease leading to more
mental health constraints [15, 48]. This argument is also supported by the significant

association of lower pain/discomfort scores with male gender in our study.

The different associations of gender with the individual dimensions of the EQ-5D-5L
indicate that the outcomes of THA and TKA need to be considered and interpreted
separately. Self-care seems to be the dimension that is significantly positively
associated with female gender at all measuring points, independent of either
undergoing THA or TKA. However, male patients show significant positive
associations to dimensions with higher weights in the EQ-5D-5L — anxiety/depression
(THA) and pain/discomfort (TKA).

In many national EQ-5D-5L value sets, like in the German value set, more weight is
set on the dimension anxiety/depression and pain/discomfort compared to self-care
[31]. The weighted preferences determine how EQ-5D-5L value sets are calculated
and used in decision-making processes [8]. Therefore, this aspect leads to the

discussion of whether the different perceptions of well-being of female THA or TKA
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patients are sufficiently weighted when using the EQ-5D-5L as index score or whether
an analysis per dimension creates a more accurate picture of gender-specific health

status.

In the investigated patient population, female TKA patients were younger than their
male counterparts. Former studies differed in their statements of whether male or
female TKA patients were older at the point of surgery, but at times referred to the
age as explanatory variable for gender difference [14, 18, 49]. This relationship could
not be confirmed in our analysis. Contrarily, no significant difference in frequency of
in-hospital complications between male and female patients was measurable, which

confirms previous findings [13, 50].

Our results show the need to put more emphasis on the individual dimensions of
PROMs when interpreting the outcomes concerning gender differences, especially
regarding the rising demand in clinical practice and digital health interventions. The
relationship of gender with mobility (THA), self-care (THA and TKA),
anxiety/depression (THA), and pain/discomfort (TKA) were significant when
controlling for other relevant variables. Although female patients tended to show
better scores in self-care over all measuring points, they only achieved lower index
scores due to the weighing of the individual dimensions of the EQ-5D-5L in the
German value set. This might falsify the meaning of the index score that female
patients were worse off pre- and post-surgery, as they tend to indicate better scores in

dimensions that are associated with lower utility weights.

Our findings suggest that using a single index score for evaluating patients’ health
status without gender consideration is questionable. An alternative strategy to enhance
the comparability of results would be the implementation of gender-specific index
scores or a greater reliance on the distinct dimensions of the EQ-5D-5L, some of
which exhibit gender-related associations. This approach may additionally facilitate
the operational utility of PROMs, such as in monitoring treatment regimens or
delineating recovery trajectories, thus enabling informed decision-making about

treatment adaptations. To promote the broader integration of PROMs within clinical
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practice, it is essential to establish comprehensive guidelines for accurately assessing

PROMs and the subsequent derivations that can be drawn from them.
Limitations

As stated above, this is a retrospective data analysis. We used routine- and PROM-
data that was collected for quality control purposes. We identified three limiting
factors of this research: First, missing profile items in the EQ-5D-5L led to the
exclusion of the corresponding patients, as substituting an average derived from other
non-missing items for missing profile items is considered bad practice, and the
individual dimensions serve as dependent variables in the conducted regressions.
Second, we included all patients in our sample independent of comorbidities due to
the dataset’s lack of information. The number and degree of comorbidities might
influence the patient’s perception of the health status and, thus, change the EQ-5D-5L
index score. Third, there are also limitations to the generalization of results from this
dataset since the data originates from two health care providers belonging to the same
provider network. Data collection on information such as previous treatment
approaches or current living situation are not part of the routine data collection in
Germany. These additional variables would have allowed for more precise

interpretation of the relationship between gender and post-surgery outcomes.

Future research should apply the presented methodological approach to comparable
datasets from other countries. If similar findings result, it should be investigated
whether gender-specific adjustments of the EQ-5D-5L are necessary to ensure
comparability of results between gender in people undergoing THA or TKA. In
addition, including a longer than 12-months post-surgery follow-up period might
further improve the understanding of the relationship between gender and the outcome

parameters in the long-term.

3.1.6 Conclusion
Gender was significantly related to individual dimensions of the EQ-5D-5L in the

THA and TKA groups, pre- and post-surgery when controlling for age, comorbidity,
disease-specific health status, and pre-surgical conditions. Male THA and TKA
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patients perceived significantly better levels than female patients for most dimensions
of the EQ-5D-5L. Male patients in the THA group showed significant associations
with lower anxiety/depression levels pre- and 3-months post-surgery, while the same
holds for pain/discomfort in TKA. Female gender was significantly associated with
better mobility post-surgery for THA and better self-care independent of the
measuring point for both treatments. Therefore, the awareness of gender-specific
differences in health status should inform healthcare professionals and policymakers
in integrating these insights into healthcare to ensure appropriate treatment measures
based on patients’ needs. When evaluating patients’ health status, considering the
individual dimensions reveals more detailed, differentiated, and actionable insights

than the index score.
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Appendix
Online Resource 1: Formula on applied cumulative odds ordinal logistic regression with

proportional odds
The following formula was used:

logit [k(EQdimension e < j | X)]

=1 (71: (EQdimension;jme<j | X))
1 (EQdimensionsime=Jj | X)

= q; + (=BX),

where a;’s are the thresholds, p are logit coefficients, and X represents the
independent variables. When interpreting the binary variable sex (m/f) and its relation
to the ordinal explanatory variables, female sex functions as the reference category.
The interpretational logic holds that an odds ratio lower than 1 indicates that being
female is associated with worse values in that dimension. However, if the expected 8
is larger than 1, being of female sex is associated with increased odds for better values
in that dimension [1,2]. The closer the value gets to 1, the smaller the difference

between the sex-specific dimensional scores.

EQdimension stands for the individual dimensions of the EQ-5D-5L instrument
(mobility, self-care, usual activity, pain/discomfort, and anxiety/depression), which
are time-dependent (pre-surgery, 3-months post-surgery and [2-months post-
surgery). Furthermore, j = 1,2,3,4,5 represent the response levels of the EQ-5D-5L —
where 1 indicates “no problems” and 5 represents “extreme problems” in the
corresponding dimensions. We used SPSS PLUM (Polytomous Universal Model), an

extension of the generalized linear model for ordinal response data [1].
References

1. Liu X (2009) Ordinal regression analysis: Fitting the proportional odds
model using Stata, SAS and SPSS. Journal of Modern Applied Statistical
Methods 8:632-42.

2. Janssen B, Szende A, Ramos-Goiii JM (2014) Data and methods. In:
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Online Resource 2: Correlations of potential control variables with sex for THA

THA
Variable Pearson’s chi- Cramer-V
square
Pain (no, stress pain, or rest pain) 24847 0.102
Modified Kellgren-Lawrence
Classification
Osteophytes 2.078
Joint space 10.774™ 0.067
Sclerosis 8.529™ 0.060
Deformation 7.5417 0.056
Severity of joint destruction in rheumatic
diseases
Rheumatic disease with manifestation s
at the affected joint 11.093 0068
Erosive joint destruction
(according to Larsen-Dale-Eek) 6.008
Pre-operative findings
ASA classification 24.401™* 0.102
Post-operative specific complications 0.485
Post-operative generic complications 0.946
Walking distance at admission 9.492" 0.063
Walking aid at admission 13.372"* 0.075
Walking distance at discharge 6.156
Walking aid at discharge 5.199
Patient Clincial Complexity Level 4.605
Early mobilization 4.807" 0.047
Clinic type (general vs. specialized) 4.608™ 0.044
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Variable Chi-Square Eta
WOMAC (pre-surgery) 422.109
WOMAC (3-month FU) 290.700
WOMAC (12-month FU) 232.479
Elixhauser Comorbidity Score 67.111"" 0.051
Length of stay 76.660™"" 0.018
Surgery duration 124.728"* 0.020
Age 49.334

Statistically significant difference between sex at a **95% and ***99% significance level; FU=Follow-up.

Notes: Pearson’s chi-square indicates whether there is a significant correlation to a variable with sex, and

Cramer-V or Eta shows the effect size. If there is no significant correlation for a variable, the effect size is

not indicated.

Online Resource 3: Correlations of potential control variables with sex for TKA

TKA
Pearson’s chi-
Variable Cramer-V
square
Pain (no, stress pain, or rest pain) 28.808™" 0.133
Modified Kellgren-Lawrence
Classification
Osteophytes 0.268
Joint space 2426
Sclerosis 1.586
Deformation 1.155
Severity of joint destruction in rheumatic
diseases
Rheumatic disease with manifestation s
. 7.637 0.068
at the affected joint
Erosive joint destruction
. 1.732
(according to Larsen-Dale-Eek)
Pre-operative findings
Gonarthrosis 6.761"" 0.064
Malposition of the knee 96.257"" 0.243
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ASA classification 32.674"" 0.142
Post-operative specific complications 5.329™ 0.057
Post-operative generic complications 2.024
Walking distance at admission 8.724
Walking aid at admission 11.183™ 0.083
Walking distance at discharge 8.537" 0.072
Walking aid at discharge 10.043™* 0.079
Patient Clincial Complexity Level 14.029"* 0.093
Early mobilization 0.271
Clinic type (general vs. specialized) 0.633
Variable Chi-Square Eta
WOMAC (pre-surgery) 343.458
WOMAC (3-month FU) 239.62
WOMAC (12-month FU) 216.115
Elixhauser Comorbidity Score 69.557"" 0.022
Length of stay 36.295
Surgery duration 139.742"* 0.07
Age 65.554

Statistically significant difference between sex at a **95% and ***99% significance level; FU=Follow-up.
Notes: Pearson’s chi-square indicates whether there is a significant correlation to a variable with sex, and
Cramer-V or Eta shows the effect size. If there is no significant correlation for a variable, the effect size is

not indicated.



122

Patient-reported outcome measures

Online Resource 4: Descriptive statistics (full table)

Independent-samples t-test

THA TKA

Variable Sex n Mean (SD) n Mean (SD)

Male 978 68.719 (9.045) 715 71.004* (7.902)
Age (years)

Female 1390  68.862 (9.179) 915 70.002* (8.704)

Male 978 7.338 (4.157) 715 7.438 (3.548)
LOS (days)

Female 1390  7.463 (4.014) 915 7.371 (3.418)

. . Male 978 46.474 (18.060) 715 57.834° (17.669)

Surgery duration (min.)

Female 1390 45.756 (17.048) 915 55.256° (18.715)
In-hospital complication | Male 978 0.025 (0.155) 715 0.025 (0.157)
ratio (general) Female 1390  0.019 (0.136) 915 0.015 (0.123)
In-hospital complication | Male 978 0.009 (0.096) 715 0.015%(0.123)
ratio (specific) Female 1390  0.012 (0.110) 915 0.004% (0.066)
EQ-5D-5L Male 978 0.576™ (0.275) 715 0.625™" (0.253)
(pre-surgery) Female 1390 0.512"(0.291) 915 0.534™" (0.284)
EQ-5D-5L Male 978 0.883" (0.156) 715 0.844™ (0.163)
(3-month FU) Female 1390  0.867" (0.172) 915 0.817"" (0.182)
EQ-5D-5L Male 978 0.910 (0.149) 715 0.885™" (0.154)
(12-month FU) Female 1390 0.903 (0.160) 915 0.862"" (0.169)
WOMAC Male 895 45.658"™ (15.516) 631 41.765™ (15.279)
(pre-surgery) Female 1265 50.154™ (14.609) 837 46.435™" (14.392)

Male 868 13.048 (12.189) 634 17.869™" (13.450)




Patient-reported outcome measures

123

WOMAC o

Female 1147 14.360 (12.594) 776 19.999°"" (14.277)
(3-month FU)
WOMAC Male 852 11.016 (12.977) 609 14.430™" (13.640)
(12-month FU) Female 1144 11.978 (13.886) 704 17.543™ (15.127)
Elixhauser Comorbidity | Male 959 3.803™ (4.957) 703 3.459 (4.773)
Score Female 1373 3.314™ (4.548) 907 3.261 (4.337)
Mann-Whitney U test

THA TKA
Variable Mean (SD) Median Min/ Mean (SD) Median Min/

Max Max

Pain 1.760*** (0.430) 2 0/2 1.692"7(0.465) 2 0/2
Modified Kellgren-
Lawrence
Classification
Osteophytes 1.303 (0.481) 1 0/2 0.990 (0.099) 1 0/1
Joint space 2.340" (0.540) 2 0/3 1.817 (0.393) 2 0/2
Sclerosis 2.329™ (0.644) 2 0/3 2.053 (0.401) 2 173
Deformation 1.159 (0.468) 1 0/2 0.998 (0.423) 1 0/2

Severity of joint
destruction in

rheumatic diseases
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Rheumatic disease with

manifestation at the 0.032"" (0.175) 0/1 0.026™ (0.160) 0/1
affected joint
Erosive joint destruction
(according to Larsen- 0.986™ (1.451) 0/4 2.860 (0.861) 1/5
Dale-Eek)
Pre-operative findings
Gonarthrosis 1.080" (0.278) 0/2
Malposition of the knee 0.679"" (0.867) 0/2
ASA classification 2.059" (0.511) 1/4 2.140"" (0.474) 1/4
Post-operative specific "
o 0.011 (0.104) 0/1 0.009™ (0.096) 0/1
complications
Post-operative generic
o 0.021 (0.144) 0/1 0.020 (0.139) 0/1
complications
Walking distance at » -
o 2.1017 (0.570) 1/5 2.1017(0.558) 1/5
admission
Walking aid at . "
o 0.2397 (0.497) 0/3 0.2777(0.514) 0/3
admission
Walking distance at
. 2.321(0.484) 1/4 2.355(0.493) 1/4
discharge
Walking aid at discharge | 1.004 (0.154) 0/2 1.012" (0.162) 0/2
Patient Clincial
. 0.741 (1.103) 0/5 0.754 (1.094) 0/4
Complexity Level
Early mobilization 0.770™ (0.421) 0/1 0.706 (0.456) 0/1
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Clinic type (general vs. o
o 0.153™ (0.360) 0 0/1 0.194 (0.396) 0 0/1
specialized)

Statistically significant difference between sex at a ¥*¥95% and ***99% significance level; SD= Standard Deviation; LOS = Length of stay; ASA= American
Society of Anesthesiologists score.

Online Resource 5: Full regression table for total hip arthroplasty (THA)

THA mobility self-care usual activity pain/discomfort anxiety/depression

pre FUO3 FUI12 | pre FU03 FUI12 | pre FU0O3 FUI12 | pre FUO3 FUI12 | pre FU03 FUI12

N=2368 OR OR OR |OR O OR |OR OR OR |OR OR OR |OR OR OR
(m=978; €y (€p @ |€p (@n @y |y @) (@ |@Ey (@) (@Cn |@E) (@€ (D
=1390)

WOMAC
score (at
corresponding
time)

Elixhauser
Comorbidity
Index
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THA mobility self-care usual activity pain/discomfort anxiety/depression

pre FUO3 FUI12 | pre FU0O3 FUI12 | pre FU0O3 FUI12 | pre FU0O3 FUI12 | pre FU03 FUI12

Length of 1017 1013 1030 1.042 1.033 1002 0970 1051 1.027

stay (976- (977 (970-  (0.991 (0.983 0.964  (0.935 (1000 (0.985
1.060)  1.051) 1.093) - - - ) B -

1.096) 1.085) 1.041)  1.006) 1.105)  1.071)

Surgery 1.009 1.005  1.002 1.009  1.002 1001 1.001 1003 0.989

duration (.999- (987-  (0.984 0.999  (0.985 0992 (0.992 0.989  (0.975
1.019) 1.023) - B - - - . .

1.021) 1.020)  1.020) 1.010)  1.010) 1.018)  1.002)

Gender (male 0.996 0.964 1.130 0.849 0.853 1.102 0.670 0.881

vs female) (0.858 0.698  (0.682  (0.875 0458 (0.625
1.488) 1.032) 1.067) 1.387) 0.979) 1.243)

ASA

1vs3 0.853 1.842 0.872 0911 1.155 0.642 0.944
0473 (0.687 | (0579  (0.561  (0.700 0279 (0.433
1.538) 4.938) 1.313) 1.479) 1.906) 1.480) 2.060)

2vs3 0.726 0.659 0.746 0.959 0.912 0.831 0.956
(0.503 (0.379 (0.576 (0.692 (0.653 (0.517 (0.619
1.047)  1.145) | 0.968) 1.328)  1.274) 1.336)  1.474)

Clinic type 1.421 1.362 1.120 1.207 1.005 0.581

(general vs (0863  (0.610 0747 (0.794 0529 (0327

specialized - i B B B B

P ) 2.340) 3.038) 1.681) 1.835) 1.909) 1.031)
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THA mobility self-care usual activity pain/discomfort anxiety/depression
pre FUO3  FU12 | pre FU03  FU12 | pre FU03  FUI2 | pre FUO3  FU12 | pre FU03 FUI2
Pain (none or 1.048 1.177 1.055 0.964 1.499 0.701 0.933 0.742 0.670 0.960 0.996 0.879 0.967 1,074 0.954
stress pain vs (0.846-  (0.873  (0.768 | (0.717  (0.844  (0.365 | (0.754  (0.528  (0.349 | (0.760  (0.768  (0.667 | (0.766-  (0.695  (0.626
. 1299) - - - - - - - - - - - 1.221) - -
rest pain)
1.585)  1.449) | 1.297) 2.661) 1.348) | 1.154) 1.042) 1.286) | 1.213) 1292) 1.157) 1.659)  1.452)
Joint space
none or clearly | 1,188 0.858 1.183 1.027 0.253 1.437 1.480 1.340 1.306 1.841 1.250 1.274 0.982 1.432 0.880
narrowed vs (0.703- (0431  (0.586 | (0.529  (0.030  (0.360 | (0.896  (0.671  (0.341 | (1.085  (0.685  (0.681 | (0.557- (0.587  (0.337
lified 2.007) - - - - - - - - - - - 1.730) - -
1.708)  2.388) | 1.991)  2.156)  5.742) | 2.446)  2.677)  4.995) | 3.125) 2.283)  2.381) 3.495)  2.298)
advanced 0.826 1.136 1.073 0.978 1.174 1.211 1.020 1.123 1.104 1.099 1.009 1.151 1.272 1.206 0.947
narrowed vs (0.669-  (0.837  (0.784 | (0.741  (0.665  (0.686 | (0.829  (0.808  (0.633 | (0.877  (0.776  (0.876 | (1.016- (0.784  (0.637
lifted L.020) - - - - - - - - - - - 1592) - .
1.542)  1.469) | 1.290) 2.072) 2.136) | 1.254) 1.560) 1.928) | 1.376) 1312) 1.512) 1.854)  1.408)
Sclerosis
none or light 1.414 1.091 1.195 1.272 1.234 1.140 1.436 1.062 1.110 1.686 1.004 1.386 0.804 1.024 1.811
sclerosis vs (1.020-  (0.689  (0.750 | (0.843  (0.573  (0.513 | (1.048  (0.660  (0.506 | (1.207 = (0.661  (0.921 | (0.573- (0.557  (1.040
sclerosis with 1.959) ) ) ) i i ) 3 - - ) - 1.129) 3 -
oysts 1.726)  1.906) | 1.919) 2.657) 2.536) | 1.969) 1.708)  2.433) | 2.356) @ 1.524)  2.085) 1.881)  3.154)
light sclerosis 1.180 0.861 1.077 1.074 0.645 0.620 1.196 0.681 0.710 1.103 1.161 1.304 0.772 0.801 1.343
with cyst (0.957-  (0.639 (0789 | (0.814  (0.368  (0.357 | (0.974 | (0494 | (0.413 | (0.883  (0.898  (0.996 | (0.619- (0.530  (0.909
formation vs 1.454) - - - - - - S - - - - 0.963) - -
1.161)  1.469) | 1.417)  1.127)  1.075) | 1.468) | 0.939) @ 1.219) | 1.378)  1.501)  1.708) 1.210)  1.985)

sclerosis with
cysts
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THA mobility self-care usual activity pain/discomfort anxiety/depression
pre FUO3  FU12 | pre FU03  FU12 | pre FU03  FUI2 | pre FUO3  FU12 | pre FU03 FUI2
Deformation
none vs clear 0.927 1.224 1.644 0.544 0.410 0.572 0.882 1.086 0.646 0.570 1.525 1.876 1.088 1.778 0.683
deformation (0.579-  (0.617  (0.867 | (0271  (0.098  (0.172 | (0.554  (0.511  (0.206 | (0.340  (0.836  (1.041 | (0.670- (0.817  (0.295
1.484) - - - - - - - - - - - 1.769) - -
2427)  3.118) | 1.089)  1.712)  1.906) | 1.404) 2.307) 2.026) | 0.958) 2.782)  3.382) 3.872)  1.582)
light 1.052 1.072 0.808 0.840 1.175 0.802 0.882 1.360 0.764 0.986 1.332 1.194 0.994 0.865 0.762
deformation vs | (0-830- (0755  (0.569 | (0.628  (0.636  (0.440 | (0.701  (0.934 (0424 | (0.771  (0.980  (0.869 | (0.777- (0.537  (0.496
clear 1332) - - - - - - - - - - - 1272) - -
: 1.522)  1.147) | 1.123)  2.167)  1.459) | 1.109)  1.980) 1.374) | 1.262)  1.810)  1.640) 1394)  1.172)
deformation
Rheutmatic 0.928 0.758 1.274 1.186 0.528 1.472 1.287 0.498 1.654 0.969 1.103 1.033 0.934 1.049 0.990
disease with (0.568-  (0.382  (0.548 | (0.640  (0.180  (0.347 | (0.793 | (0253 | (0.400 | (0.589  (0.600  (0.523 | (0.575- (0.422  (0.403
manifestation e -l 501 ; 960 ; 199 -1 552 -6 244 ; 089 ;) 981 ; 847 -1 594 ; 026 ; 043 ) -2 608 ; 429
at the affected 30D 960) 199) 332) 244) -089) 981) 847) 399 026) 043) -608) 429)
joint (no vs
yes)
Walking
distance at
admission
infinite 0.657 1.204 0.543 0.963 0.702 0.606 0.708 0.800 0.642 0.836 0.690 0.466 1.387 1.486 0.993
(>500m) vs (0.453-  (0.687  (0.294 | (0.568 (0241  (0.186 | (0489 (0427  (0.199 | (0.557  (0.433 | (0.281 | (0.934- (0.729  (0.495
mobile on 0.953) - - - - - - - - - - - 2.058) - -
2.111)  1.005) | 1.634)  2.041) 1.972) | 1.024)  1.499) 2.076) | 1.254)  1.098) | 0.774) 3.030)  1.992)

station level
(50) or less




Patient-reported outcome measures 129

THA mobility self-care usual activity pain/discomfort anxiety/depression

pre FUO3 FUI12 | pre FU0O3 FUI12 | pre FU0O3 FUI12 | pre FU0O3 FUI12 | pre FU03 FUI12

walking at a 1.068 1.432 0.959 1.138 0.858 0.916 0.997 1.302 0.971 1.014 0.872 0.821 1.188 1.059 0.953

stretch up to (0.833- (1.013 (0.681 (0.846 (0.488 (0.520 (0.786 (0.906 (0.555 (0.788 (0.648 (0.605 (0.920-  (0.663 (0.626

500m possible 1.370) B N N - - - - - - - - 1.535) - -
2.023) 1.349) 1.530) 1.510) 1.612) 1.266) 1.869) 1.698) 1.304) 1.173) 1.115) 1.691) 1.453)

vs mobile on
station level

(50) or less
Walking aid 1.085 0.847 0.839 1.200 0.751 1.302 0.949
at admission 0763 (0.490 | (0.660 (0.885 | (0.592- (0.821  (0.634
(no vs yes) ) ) ) ) ) )
1.542) 1.467) 1.067) 1.626) 2.068) 1.419)
Early 0.966 0.958 1.070 0.847 1.062 0.978 1.079 1.045 0.906 1.066
mobilization 0720 (0.707 0.634  (0.494 0777 (0.582 (0.835  (0.803 0.607  (0.736
(no vs yes) ) ) ) ) ) ) ) ) ) )
1.297) 1.300) 1.807) 1.450) 1.450) 1.644) 1.395) 1.360) 1.352) 1.543)

pre-operative
EQ-5D
correspondin
¢ dimension

1vs>3 0.772 0.097
(0.332 (0.055
1.795) 0.169)
2vs>3 0.843 0312

(0.663 (0.183
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THA mobility

pre
R-squared 0.096
(McFadden)

FU03

0.303

FU12

0.316

usual activity

self-care

pre FU03  FU12 | pre
0.962)

0.123 0.352 0.391 0.108

FU03

0.334

FU12

0.840)

0.365

pain/discomfort
pre FU03
0.174 0.298

anxiety/depression
FUI2 | pre FU03 FUI12
1.072) 0.532)
0.311 0.056 0.247 0.253

Statistically significant difference between sex at a 95% (light grey) and 99% (dark grey) significance level; OR = Odds ratio; CI = 95% confidence interval;
ASA= American Society of Anesthesiologists score.

Online resource 6: Full regression table for total knee arthroplasty (TKA)

WOMAC
score (at

time)

corresponding

TKA mobility
pre  FU03 FUI2
N=1629 OR OR  OR
(m=715; (€H (@Cn (D
F=914)
Age 1.014 0.989 1.003
(1.001 (0.972 (0.986
- - -1.02)
1.028) 1.005)

self-care
pre

OR
(€n

FU03

OR
(@)

FU12

OR
(&)

usual activity

pre

OR
(@)

FU03

OR
(€n

FU12

OR
(€n

pain/discomfort anxiety/depression

pre FU03  FUI12 | pre FU03  FUI12

OR OR OR OR OR OR

(ChH (CDH (CDH (ChH (CDH (CDH
0.984 0.986 0.992 0.993 0.995
0.968  (0.971 | (0.978 (0972  (0.973
0.999) 1.001) 1.006)  1.015) 1.016)
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TKA mobility self-care usual activity pain/discomfort anxiety/depression
pre FUO3  FUI12 | pre FU0O3  FU12 pre FUO3  FUI2 | pre FUO3  FUI12 | pre FU0O3  FU12
Elixhauser 0.999 0.99 1.01 1.005 1.039 1.03 1.01 1.024 1.041 1.008 1.02 1.031 1.015 0.971 0.98
Comorbidity | (0973 (0957 (0976 | (0966  (0.976  (0.973- | (0.984  (0.99- (1006 | (0.98-  (0.989  (L0OOL | (0986 (0.929  (0.938
Index - - - - - 1.089) - 1.06) - 1.037) - - - - -
1.025) 1.023) 1.045) 1.045) 1.107) 1.037) 1.077) 1.052) 1.063) 1.044) 1.015) 1.025)
Surgery 1.003 1 1 0.985 0.998 0.999 0.997 0.994 0.991 1
duration 0.995  (0.992 0.985  (0.972- 0.99-  (0.992 0.99-  (0.988 0.981  (0.99-
- - - 0.999) 1.007) - 1.004) - - 1.009)
1.011)  1.007) 1.016) 1.007) 1.001) 1.002)
Gender (male 0.906 1.132 1.331 1.556 0.853 1.167 0.814 0.721 0.776 0.893 1.265
vs female) (0.726  (0.845  (0.983 | (1.086 0.684  (0.864 (0.6 0.554  (0.597 (0.589  (0.843
113y - - 2.23) - - 1.104) = - - -
1.515)  1.803) 1.065)  1.578) 0.939)  1.009) 1.354)  1.899)
ASA
1vs3 3.019 0 0.65 1.446 1.093 0.334 1.106 1.126 0.526 0.811 0.711
(0568 (0-) (0365  (0.69- (0494 | (0.173  (0.572  (0.578 | (0.257 (0275  (0.196
- - 3.029) - - - - - - -
16.044 1.158) 2417) | 0.645  2.138)  2.192) | 1.077) 2.395)  2.585)
)
2vs3 1.098 0.745 0.710 0.925 0.663 0.584 0.875 0.870 0.999 0.587 0.737
(0.571  (0.424- | (0533  (0.643 (0466 | (0.43-  (0.623  (0.626 | (0.723  (0.371  (0.467
- 1.311) - - - 0.793) - - -1.38) -0.93) -
2.112) 0.944)  1.331)  0.943) 1.228)  1.208) 1.165)
Rheutmatic 1.738 0.439 0.560 0.801 0.871 0.901 2.394 0.567 1.158 0.674 0.975
disease with (0.699 (0.106  (0.155- | (0.425  (0.377 0456 (1.051  (0.277 | (0.582  (0.244 (0342
-4.32) 2.017) -1.86)

manifestation
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TKA mobility self-care usual activity pain/discomfort anxiety/depression
pre FUO3  FUI2 | pre FU03  FUI2 pre FU03  FUI12 | pre FUO3  FUI2 | pre FU03  FUI2
at the affected | - - - - - - = - S S - -
joint (no vs 1.549) 5671) | 1.754)  1.815) 1.508)  2.015) | 0.711) | 1.781) ~ 5.455)  1.158) | 2.303) 2.774)
yes)
Gonarthrosis 0.881 0.728 1.127 0.602 0.353 0.362 0.841 0.530 0.925 1.879 1.084 1.818 1.173 0.905 0.926
(primary vs (0592 (0439  (0.659 | (0.335  (0.152 | (0.175- | (0.567 (0322  (0.55- | (1.203  (0.682  (1.134 | (0.741  (0.442  (0.476
secondary) - - - - - 0.751) - - 1.558) | - y y - y y
1.311)  1207)  1.927) | 1.082)  0.816) 1.247)  0.873) 2937)  1.724)  2915) | 1.857) 1.852)  1.804)
Walking aid 0.826 0.912 1.152 0.692 0.929 0.706 0.692 0.933 1.174 0.812 1.174 1.207 1.066 0.94 1.389
at admission (0.641  (0.664  (0.825 | (0476  (0.511  (0.419- | (0.54-  (0.675  (0.843 | (0.621  (0.877  (0.899 | (0.81-  (0.619  (0.892
(no vs yes) - - - - - 1.191) | 0.888) -129) - - - 21.62) | 1.403) - -
1.064)  1252)  1.609) | 1.007)  1.688) 1.635) | 1.062) 1.572) 1.426)  2.162)
Patient 0.977 0.991 1.32 0.637 0.828 1.023 0.87 0.816 1.134 0.99 1.186 1.755 1.091 0.885 0.734
Clinical (0769 (0.729  (0.958 | (0.435  (0.458  (0.595- | (0.686  (0.597  (0.825 | (0.765  (0.900 | (1.327 | (0.84-  (0.592  (0.489
Complexity - - - . - 1.758) - - -1.56) | -1.28) - = 1.417) - -
1.241 1.346 1.821 0.933 1.495 1.103 1.115 1.562 2.321 1.323 1.102
Level (PCCL) ) ) ) ) ) ) ) ) ) ) )
(Ovsl)
Malposition
of the knee
none vs severe 0.994 1.281 1.231 1.121 1.26 1.04 0.830 1.217 1.009 1.157
varus knee 0.713  (0.907 0.631  (0.623- (0.893  (0.741 0.62-  (0.91- 0.644  (0.735
- - - 2.017) - - L1  1.627) -1.58) -
1.385)  1.809) 2.402) 1.778)  1.461) 1.821)
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TKA mobility self-care usual activity pain/discomfort anxiety/depression
pre FUO3  FUI2 | pre FU03  FUI2 pre FU03  FUI12 | pre FUO3  FUI2 | pre FU03  FUI2
severe valgus 1.492 2.169 1.685 1.441 1.29 0.988 0.861 1.615 0.767 1.621
knee Vs severe (0.949 (1.367 (0.702 (0.656- (0.798 (0.617 (0.569 (1.074 (0.414 (0.898
varus knee i - ) 3.166) - ) B - B i
2.347) | 3.439) 4.045) 2,085  1.581) 1.301)  2.427) 1422)  2.923)
Post-operative 0.206 0.326 1.105 1.822 0.912 0.395 0.314 0.823 1.341 0.335
specific (0.070  (0.107 0.198  (0.31- 0266  (0.127 0.099  (0.254 0279 (0.099
complications ) ) ) 10.701) . ) i - ° B
0.606) 0.992) 6.164) 3.127) 1.221) 0.992) 2.669) 6.451) 1.134)
(no vs yes)
Walking
distance at
discharge
infinite 2.219 1.385 0 11.845 2.28 2.168 4.421 1.88 2.165 7.025
(>500m) vs 0458  (0.242 (0-0) (1.063- (0427  (0.39- 0.802  (0.443 0.23-  (1.278
mobile on - - 131.953 - 12.058 - -7.97) 20.384 -
. 10.746 7.923) ) 12.163 ) 24.381 ) 38.63)
station level ) ) )
(50) or less
walking at a 0.838 1.073 1.318 1.864 1.356 1.16 1.253 0.974 0.888 1.093
stretch up to 0.628  (0.794 0742 (1.08- (1.004  (0.858 0.97-  (0.752 0.605  (0.739
500m possible - -1.45) - 3.217) - - 1.62)  -1.26) - -
1.117) 2.342) 1.831)  1.569) 1302)  1.617)

vs mobile on
station level
(50) or less
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TKA mobility self-care usual activity pain/discomfort anxiety/depression
pre FUO3  FUI2 | pre FU03 FUI2 pre FUO3  FUI2 | pre FU0O3  FUI2 | pre FU03 FUI2
Walking aid 0.845 0 0 0 1.672 0.476 2.035 1.087 1.703 0
at discharge 022-  (0-0) (0-) (0-) 0456 (0.071 0.504  (0.252 0.309  (0-0)
(no vs yes) 3250 - - - - -9.38)
6.126)  3.195) 8.224)  4.684)

pre-operative
EQ-5D
corresponding
dimension
1vs>3
2 vs >3 1.032 1.147

0375 (0.461-

- 2.852)

2.842)
R-squared 0.085 0.299 0.137 0.408 0.526 0.104 0.325 0.164 0.309 0.331 0.065 0.285
(McFadden)

Statistically significant difference between sex at a 95% (light grey) and 99% (dark grey) significance level; OR = Odds ratio; CI =95 % confidence interval;
ASA= American Society of Anesthesiologists score.
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3.2.1 Abstract
Background: As patient-reported outcomes (PROs) gain prominence in hip and knee

arthroplasty (HA and KA), studies indicate PRO variations between genders.
Research on the specific health domains particularly impacted is lacking. Hence, we
aim to quantify the gender health gap in PROs for HA/KA patients, differentiating
between general health, health-related quality of life (HrQoL), physical functioning,

pain, fatigue, and depression.

Methods: The study included 3,693 HA patients (1,627 men, 2,066 women) and
3,110 KA patients (1,430 men, 1,680 women) receiving surgery between 2020 to 2021
in nine German hospitals, followed up until March 2022. Questionnaires used were:
EQ-VAS, EQ-5D-5L, HOOS-PS, KOOS-PS, PROMIS-F-SF, PROMIS-D-SF, and a
joint-specific numeric pain scale. PROs at admission, discharge, 12-months post-
surgery, and the change from admission to 12-months (PRO-improvement) were
compared by gender, tested for differences, and assessed using multivariate linear
regressions. To enable comparability, PROs were transformed into z-scores (standard

deviations from the mean).

Results: Observed differences between genders were small in all health domains and
differences reduced over time. Men reported significantly better health versus women
pre-HA (KA), with a difference of 0.252 (0.224) standard deviations from the mean
for pain, 0.353 (0.243) for fatigue (PROMIS-F-SF), 0.327 (0.310) for depression
(PROMIS-D-SF), 0.336 (0.273) for functionality (H/KOOS-PS), 0.177 (0.186) for
general health (EQ-VAS) and 0.266 (0.196) for HrQoL (EQ-5D-5L). At discharge,
the gender health gap reduced and even disappeared for some health dimensions since
women improved in health to a greater extent than men. No gender health gap was

observed in most PRO-improvements and at month 12.

Conclusions: Men experiencing slightly better health than women in all health
dimensions before surgery while experiencing similar health benefits 12-months post-
surgery, might be an indicator of men receiving surgery inappropriately early, women
unnecessarily late or both. As studies often investigate the PRO-improvement, they

miss pre-surgery gender differences, which could be an important target for
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improvement initiatives in patient-centric care. Moreover, future research on cutoffs
for meaningful between-group PRO differences per measurement time would aid the

interpretation of gender health disparities.

Trial registration: German Register for Clinical Trials, DRKS00019916,
26 November 2019

Keywords: gender health gap, patient-reported outcomes, health disparities
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3.2.2 Background
In many medical fields, health differences can be observed based on sex and/or

gender, the so-called sex/gender health gap. Prominent examples are differences in
life expectancy [1] and chronic pain prevalence [2]. Moreover, research in different
medical domains has revealed biases in the way patients are diagnosed, treated, and
cared for due to their sex and gender, e.g., medical guidelines based on predomi-nantly
male symptoms that lead to under- and late diagnoses of women [3, 4] and under or
non-representation of women in clinical trials [5]. Gender and sex biases sometimes
get replicated, for instance, by feeding biased datasets or guidelines into decision
tools, leading to outdated or misleading diagnoses and recommenda-tions [6]. While
women appear to be disproportionally affected by revealed sex and gender biases in
medicine, also male patients suffer from these biases, e.g., in the under-diagnosis of
mental illnesses [7] or osteoporosis [8]. Non-binary individuals are rarely considered

in analyses at all [9].

One option to measure gender health disparities aka a potential gender health gap is
the utilization of Patient-Reported Outcome Measures (PROMs). PROMs are
validated questionnaires that assess health from the patient’s perspective [10].
However, outcome measurement in health systems currently often focuses on cli-
nician and administratively reported data, hence PROMs-results are not widely
available and consequently not always used when speak about the gender health gap.
However, over the last decade PROMs have been used more and more in some

medical fields including orthopedics [11].

Hip and knee arthroplasties (HA and KA) are the most common orthopedic surger-ies
worldwide with OECD averages in 2019 being 174 per 100,000 population for HA,
and 137 per 100,000 for KA [12]. Germany ranked on top of the list that year for HA,
with 315 surgeries per 100,000 population, and fourth highest for KA with 227 per
100,000. One of the main reasons for HA and KA is the treatment of end-stage
osteoarthritis [13]. As the prevalence of osteoarthritis is higher in women [14], they

receive HA and KA more frequently [14].
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In orthopedic studies, PROMs are often either not reported separately by gender or
are presented as secondary findings [15]. Consequently, these studies fail to ade-
quately account for confounding factors when analyzing gender-related health
differences [6]. Moreover, evidence concerning which health dimensions are af-fected
by gender-related disparities and whether these differences can be consid-ered
meaningful is rare in recently published literature [16-20]. In addition, anal-yses
concerning the gender health gap in HA and KA in the context of the German
healthcare system, to our knowledge, do not yet exist. Since systematic gender
differences in health can play a role in the dynamic of under- and oversupply of
healthcare services (i.e. low-value care), an evaluation per country can give specif-ic

insights into how to adjust care in the national setting.

Hence, this paper aims to address this research gap by evaluating whether a gender
health gap exists pre-surgery, at discharge, 12-months post-HA and KA, and over time
from admission to 12-months post-HA and KA (PRO-improvement). Data from a
large German multicenter randomized-controlled trial was used to investi-gate the
research question for multiple generic and disease-specific PROMs cover-ing general
health, health-related quality of life (HrQoL), depression, fatigue, pain and physical

functioning.

3.23 Methods

Dataset

In this retrospective cohort study, we make secondary use of a dataset originating from
the PROMoting Quality study [21], which covered primary HA and KA pa-tients
across nine hospitals in Germany in a randomized controlled trial. Patients underwent
surgery between 2020 and 2021 and were followed up until March 2022. Patients
received generic and treatment-specific PROMs, at admission to the hos-pital, at
discharge, and 12-months post-surgery. The intervention of the random-ized
controlled trial started at month 1 post-surgery. Further information on the
PROMoting Quality trial can be found elsewhere [21, 22]. We control for the
PROMoting Quality intervention when looking at the PRO-improvement and 12-
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month PRO values together with other control variables to distill the gender health

gap.

The selection criteria for this study are detailed in Fig. 1 and were based on the
inclusion criteria of the trial [21] and the availability of the gender variable. Due to
the non-representation of diverse individuals, this study focuses on the gender
differences between individuals identifying as men and women only. The gender
variable was retrieved from the information patients had to self-report. Other miss-ing
data besides the gender variable was imputed using the MissForest Package in R
Version 4.1.3.

Figure 3.5: Participant flow

7,827 1,024 Excluded
Assessed for eligibility 694 d{d not meet the
inclusion criteria
326 did not reply to the
i R PROMs at hospital
discharge and therefore
6,803 inclusion in the study
Final patient population groups was not possible
4 excluded due to non-
identifiable gender

v v
3,693 3,110
Hip arthroplasty patients Knee arthroplasty patients
570 Lost to follow up | 543 Lost to follow up
12-months post-surgery 12-months-post surgery
v v
3,693 Included in 2,567 Included in
the analysis the analysis
3123 complete 2024 complete
data data
570 imputed 543 imputed
data data
v v v v
1,627 2,066 1,430 1,680
Male hip Female hip Male knee Female knee
arthroplasty arthroplasty arthroplasty arthroplasty
patients patients patients patients
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Patient-reported outcome measures

General health was measured via the generic PROMs European Quality of Life Visual
Analogue Scale (EQ-VAS) and HrQoL was measured using the 5-level EQ-5D
version (EQ-5D-5L) [23]. The EQ-VAS ranges from 0—100 and the EQ-5D-5L ranges
from -0.661 to 1, with higher scores indicating better health. We utilized the treatment
specific PROMs Hip disability/Knee injury and Osteoarthritis Outcome Score
Physical Function Shortform (HOOS-PS / KOOS-PS) respectively for HA and KA
patients. Both cumulate in a score on a scale from 0-100 from “no difficul-ty” to
“extreme difficulty”, meaning that lower scores indicate better physical health. The
Patient Reported Outcomes Measurement Information System Fatigue Shortform
(PROMIS-F-SF) measuring fatigue and the PROMIS Depression Short-form
(PROMIS-D-SF) measuring depression symptoms both cover four questions and are
summarized to a score from 33.7-75.8 and 41-79.4 respectively, from no fatigue/
depression to extreme fatigue/ depression [24]. Pain in the operated joint was
measured on a numeric rating scale from 1 to 10, from lowest to highest possi-ble
pain. All patients were asked about the pain in the right hip joint, the left hip joint, the
right knee joint and the left knee joint. We utilized the answer for the operated joint
instead of a cumulative score of the answers for all pain questions. This was done
because utilizing the pain scores for all four joints would have downplayed the
severity of pain experienced, especially given that the pain in the operated joint is
often most relevant for the decision to perform surgery and also where the most
pronounced impact after surgery is expected. In case the surgery was performed on
both sides (e.g. the right and left hip joint) we used the average pain of both sides (this
applied to 123 HA patients and 104 KA patients). All PROMs were used in the

validated German versions [24-29].
Statistical analyses

Statistical gender differences — raw data: First, summary statistics of patient and
treatment characteristics are displayed and compared between genders, using t-test
and Chi-square test for continuous and categorical variables respectively. Similarly,

the PROs at admission, at discharge and 12-months post-surgery were analyzed per
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gender. Due to non-normal distribution of PROs, the Mann—Whitney U test was
utilized to test for independence between genders. This enabled the analysis of

statistically significant differences in PROs between genders.

Meaningful gender differences — raw data: In addition, we analyzed whether the
differences in PRO-improvement can be considered meaningful based on previously
published minimally clinical important difference (MCID) thresholds. Where possible
we utilized the MCIDs calculated based on the same German HA (KA) dataset which
were 0.17 (0.20) for EQ-5D-5L, 7.81 (5.86) for EQ-VAS, -10.01 (-5.06) for HOOS-
PS (KOOS-PS) [30] and -0.9 (-0.7) for pain [31]. For the PROMIS measures we used
a 2-point cutoff [32].

Statistical gender differences — adjusted for confounders: For the following main
analyses, PROs per measurement time and for the PRO-improvement were
transformed into z-scores to make them comparable on one scale. Z-scores express
how many standard deviations (SD) an individual’s outcome is above or below the
average of the population and is calculated as:
x— U
o

V4

where x is the observed score per measurement time (or improvement score) of an
individuum, p is the population’s mean and ¢ its SD. In addition, some PROs were
adjusted in their directionality so that for all scores a positive coefficient indicates
better health. As main analyses, linear multiple regression models were run per PRO
controlling for a different set of variables depending on the timepoint to distill the

contribution of gender towards the different health dimensions.

For the admission PROs as dependent variable, the control variables were age in years,
body mass index (BMI) group (“underweight”, “normal”, “overweight”, “obese”),
education (“no school degree”, “primary school degree”, “high/middle school
degree”, “university degree”), living situation (“I live with a partner/family/friends”,
“I live alone”, “I live in a care facility”, “Other”) and having had one of the following

comorbidities (yes/no answer options per comorbidity: heart-, circulation-, blood-, or
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lung-related diseases, stroke, diabetes, neurological diseases, cancer, depression, back
pain and arthritis). For the discharge score as dependent variable, the previously listed
information, the mobilization after surgery, the experience of the main surgeon in
numbers of surgeries and the admission PRO were controlled for. For the 12-months
score, in addition to the previously mentioned variables, the PRO-monitoring group
[21] and the rehabilitation were controlled for. For the PRO-improvement (change
from admission to month 12), we controlled for the same variables as in the 12-month

regressions.

Meaningful gender differences — adjusted for confounders: As suggested by Norman
et al. [33] and Bloom et al. [34], above 0.5 standard deviations can be considered as
MCID across different PROMs. Hence, this threshold was used to interpret whether

the differences in PRO-improvement can be considered meaningful.

All analyses were conducted in R, version 4.1.3. Due to different procedures and

recovery times, all analyses were run separately for HA and KA patients.

3.24 Results

Patient characteristics

The study population consists of 3,693 HA patients (1,672 men and 2,066 women)
and 3,110 KA patients (1,430 men and 1,680 women) as shown in Fig. 1. The de-
scriptive statistics are presented in Table 1. HA patients identifying as women in this
study are, on average 66 years old, one year older compared to patients identi-fying
as men, show significant differences in their BMI, e.g., more frequently have a
“normal” BMI when being admitted for surgery (38% versus 23%) and less often have
a university degree (24% versus 35%). In addition, more HA patients who identify as
women live alone (30% versus 14%), and were in employment prior to surgery (36%
versus 30%). KA patients were on average 66 years old, not showing significant
differences between genders. 50% of KA patients who identify as wom-en were obese
and 42% of KA patients who identify as men. Most KA patients have a high school
degree, while significant gender differences were observable (87% of men and 73%

of women). The PROs at admission generally show worse health levels in women e.g.,
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with the HOOS-PS being 50.43 in women and 44.39 in men. Significant differences

were observable between genders in most of the rec-orded commodities but not in the

PRO-monitoring group (see Appendix).
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Table 3.3: Descriptive statistics of the study population (n=6,803)

Hip replacement patients p® Knee replacement patients p®
male female male female
(N=1,627) (N=2,066) (N=1,430) (N=1,680)
Age
mean (SD) | 65.18(10.54) | 66.24(10.59) | 0.003*** | 66.06(9.19) | 6599(926) | 0843
BMI*
underweight 0 (0%) 20 (0.97%) <0.001 *** 2 (0.14%) 4 (0.24%) <0.001***
normal 379 (23.29%) | 786 (38.04%) 191 (13.36%) 286 (17.02%)
overweight 742 (45.61%) | 674 (32.62%) 637 (44.55%) 547 (32.56%)
obese 506 (31.10%) | 586 (28.36%) 600 (41.96%) 843 (50.18%)
Education
no school degree 6 (0.37%) 9 (0.44%) <0.001 *** 6 (0.42%) 12 (0.71%) <0.001 ***
primary school 222 (13.64%) | 270 (13.07%) 266 (18.60%) 268 (15.95%)
degree
high/middle school 831 (51.08%) 1,287 766 (53.57%) 1,093 (65.06%)
degree (62.29%)
university degree 568 (34.91%) | 500 (24.20%) 392 (27.41%) 307 (18.27%)
Living situation
alone 220 (13.52%) | 624 (30.20%) | <0.001 *** 172 (12.03%) 427 (25.42%) <0.001 ***
care facility 3 (0.18%) 8 (0.39%) 7 (0.49%) 12 (0.71%)
with a 1,392 1,423 1,247 (87.20%) | 1,225 (72.92%)
partner/family/frien (85.56%) (68.88%)
ds
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other | 12(0.74%) | 11(0.53%) | 4(028%) | 16(095%) |
Job
working 579 (35.59%) | 621 (30.06%) | <0.001 *** | 475 (33.22%) 447 (26.61%) <0.001
voluntarily not 866 (53.23%) 1230 772(53.99%) | 1,018 (60.60%) e
working including (59.54%)
retirement
looking for work 18 (1.11%) 17 (0.82%) 15 (1.05%) 19 (1.13%)
unable to work 164 (10.08%) | 198 (9.58%) 168 (11.75%) 196 (11.67%)
Admission PRO® mean (SD)
EQ-5D-5L 0.644 (0.239) | 0.562 (0.269) <0.001 0.665 (0.230) 0.589 (0.262) <0.001
EQ-VAS 59.14 (19.90) | 54.96 (19.67) <0.001 61.09 (19.29) 55.91 (18.92) <0.001
HOOS-PS/ KOOS- | 44.29(15.50) | 50.43 (16.00) <0.001 40.62 (12.67) 45.13 (12.35) <0.001
PS
PROMIS-D-SF 47.96 (7.78) 51.20 (8.40) <0.001 47.42 (7.69) 51.04 (8.39) <0.001
PROMIS-F-SF 46.92 (9.20) 50.97 (10.00) <0.001 46.28 (9.51) 49.98 (9.80) <0.001
Pain in joint 6.09 (2.19) 6.72 (2.05) <0.001 6.49 (2.04) 7.04 (1.93) <0.001

*BMI stands for body-mass index

“For continuous variables a two-sided t-test was performed, for and categorical variables a Chi-square test was performed and for the PRO-scores at admission, a

Mann—Whitney U test

°PRO Patient-reported Outcome. The score ranges are: -0.661 to 1.0 for the EQ-5D-5L, 0-100 for the EQ-VAS, HOOS-PS and KOOS-PS, 33.7-75.8 for the PROMIS-
F-SF, 41-79.4 for the PROMIS-D-SF and 0-10 for pain. The EQ-5D-5L is reported with three digits after the decimal point due to the small score range
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Raw gender health gap

Table A2 and A3 in the appendix show the descriptive statistics of the PROs per
observation time and as improvement, the mean difference between genders in points
as well as the results of the significance tests. The tables also indicate whether the raw

gender difference in PRO-improvement constitute MCIDs.

The results reflect significant differences between genders in almost all PROs for both
joint replacement types at each timepoint, with men experiencing significant-ly better
health across PROs. Solely in the pain dimension 12-months post HA, no significant
gender difference is observable. Mean PRO differences between HA patients
identifying as men and women show the widest disparities in PROs pre-surgery
(HrQoL -0.081, general health -4.18, physical functioning 6.13, depression 3.25,
fatigue 4.05, pain 0.63), followed by those at discharge (HrQoL -0.025, gen-eral
health -2.18, physical functioning 5.88, depression 2.50, fatigue 3.15, pain 0.27) and
the lowest at month 12 (HrQoL -0.021, general health -1.27, physical functioning
1.89, depression 1.70, fatigue 1.26, pain 0.04). For KA patients, the widest differences
are also observable at admission (HrQoL -0.076, general health -5.19, physical
functioning 4.51, depression 3.61, fatigue 3.61, pain 0.55), while the disparities are
lower at discharge (HrQoL -0.030, general health -2.80, physical functioning 2.21,
depression 3.17, fatigue 3.39, pain 0.46) and month 12 (HrQoL -0.030, general health
-2.83, physical functioning 2.96, depression 2.51, fatigue 2.00, pain 0.18) than at
admission. However, disparities do not reduce in all PROs from discharge to month
12 among KA patients. Comparing the two joint replace-ment types, the gender health
gap is larger among HA patients at admission, but larger at discharge among KA
patients in all PROs besides the physical functioning score. At month 12 the gap is
larger among KA patients compared to HA patients in all PROs.

The PRO improvement from admission to month 12 shows men experience signifi-
cantly less improvement in all PROs in HA and KA, with point differences of e.g.
0.061 (0.046) in HrQoL for HA (KA), -4.25 (-1.55) in physical functioning and -2.79
(-1.61) in fatigue. Based on previously mentioned MCID thresholds, only the
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difference in PRO-improvement in fatigue among HA patients can be considered

clinically meaningful whereas the other differences in improvement are not.
Gender health gap after adjusting for confounders

The gender health gap, after adjusting for confounders through the multivariate linear
regression models is illustrated in Figs. 3.6 and 3.7. The results are visual-ized using
z-scores, depicting standard deviations from the mean, to make the PROs visually
comparable on one scale. Positive effect estimates indicate better health in men.
Significantly better health in men can be observed in all health di-mensions pre-HA
(KA) with standard deviations from the mean of 0.252 (0.224) for pain, 0.353 (0.243)
for fatigue, 0.327 (0.310) for depression, 0.336 (0.273) for functionality, 0.177 (0.186)
for general health and 0.266 (0.196) for HrQoL (Figs. 3.6A and 3.7A). Better health
in men was observable at hospital discharge after HA (KA) for fatigue 0.162 (0.184)
and depression 0.129 (0.170) and after HA by 0.203 in hip functionality and in pain
by 0.123 after KA (Figs. 3.6B and 3.7B). The other health dimensions do not show
significant differences at the p<0.05 value level. 12-months post-surgery the only
significant difference can be observed in men undergoing HA experiencing slightly
worse fatigue than women by -0.081 (Figs. 3.6C and 3.7C). Similarly, the only
difference in the PRO-improvement that is significant but not clinically meaningful is
the difference in fatigue (-0.075) (Figs. 3.6D and 3.7D).
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Figure 3.6: Hip arthroplasty: Explanatory power of the patients’ gender on the z-score
standardized PROs
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Hip arthroplasty: Explanatory power of the patients’ gender on the z-score standardized Patient-reported
outcomes (PROs) per measurement time. All graphs: the outcome variables (PROs) are transformed into z-
scores and adjusted in their directionality so that all scores indicate better health in men if the coefficient is

positive; HrQoL = Health-related quality of life. Graph A - admission: results of multivariate linear
regression models controlling for age, education, BMI, living situation and nine comorbidities; Graph B -
discharge: results of multivariate linear regression models controlling for age, Body Mass Index (BMI), the
respective PRO at admission, the hospital, the mobilization after surgery, the experience of the main
surgeon and nine comorbidities; Graph C - month 12: results of multivariate linear regression models
controlling for age, BMI, the respective PRO at admission, the mobilization after surgery and the experience
of the main surgeon, the monitoring group, the rehabilitation form and nine comorbidities; Graph D - PRO-
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improvement: results of multivariate linear regression models controlling for age, BMI, the respective PRO
at admission, the mobilization after surgery and the experience of the main surgeon, the monitoring group,
the rehabilitation form and nine comorbidities.

Figure 3.7: Knee arthroplasty: Explanatory power of the patients’ gender on the z-score

standardized PROs
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Knee arthroplasty: Explanatory power of the patients’ gender on the z-score standardized Patient-reported
Outcomes (PROs) per measurement time. All graphs: the outcome variables (PROs) are transformed into
z-scores and adjusted in their directionality so that all scores indicate better health in men if the coefficient
is positive; HrQoL = Health-related quality of life. Graph A - admission: results of multivariate linear
regression models controlling for age, education, BMI, living situation and nine comorbidities; Graph B -
discharge: results of multivariate linear regression models controlling for age, Body Mass Index (BMI), the
respective PRO at admission, the hospital, the mobilization after surgery, the experience of the main
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surgeon and nine comorbidities; Graph C - month 12: results of multivariate linear regression models
controlling for age, BMI, the respective PRO at admission, the mobilization after surgery and the experience
of the main surgeon, the monitoring group, the rehabilitation form and nine comorbidities; Graph D - PRO-
improvement: results of multivariate linear regression models controlling for age, BMI, the respective PRO
at admission, the mobilization after surgery and the experience of the main surgeon, the monitoring group,
the rehabilitation form and nine comorbidities.

3.25 Discussion
In this retrospective cohort study of HA and KA patients, we found that observed

differences between genders were present but rather small in all health domains and
differences reduced over time. Women reported significantly worse PROs at hospital
admission in all examined health domains in both HA and KA patients when adjusting
for patient and treatment characteristics. Whereas the raw unad-justed health gap
shows that the point difference between genders reduces over time, while remaining
significantly different at all observed times (besides pain 12-months post HA), the
adjusted analyses showed that a significant gender health gap disappeared for some
health domains at discharge (general health and HrQoL in both, HA and KA, physical
functioning in KA and pain in HA) and all health domains 12-months post-surgery
besides fatigue in HA patients (where the effect direction reverses). The gender
differences in PRO-improvements can be consid-ered not meaningful based on
specified MCIDs. Unfortunately, no cutoff points exist that specify which between-
group differences per measurement time (admis-sion, discharge, month 12) can be

considered meaningful, demanding future re-search.

The main analyses (multivariate regressions) of health differences at month 12,
showcases the gender difference in individual health gain, meaning that a woman
undergoing HA/KA has the same individual health gain (in all PROs except fatigue
in HA patients) as a man if baseline PROs were the same (other patient and treat-ment
variables controlled for). Putting this into perspective of the raw analyses reflecting
women’s worse average admission and similar 12-month health status relative to men
means on average women undergoing HA/KA in this study popula-tion have higher
health gains than men. Women, e.g., experience around double the fatigue symptom

improvement than men. Hence, the relationship between admis-sion PROs and month
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12 PROs in the context of HA/KA is similar for both genders but the observed

distribution of health states per gender per timepoint is not.

The fact that men experience better overall, mental, and physical health prior to
surgery while reaching similar self-reported health status 12-months post-surgery
might be an indicator of men receiving surgery earlier than necessary or women
receiving surgery later than necessary. It could also indicate that women and men are
systematically different in reaching the right time for surgery at different health
impairment levels. While there are studies showing gender health differ-ences in the
general population (e.g.Bloom et al. [35]), we assume that the health gap observed in
the HA/KA population goes beyond this difference as the gender health gap in the
HA/KA population reduces over time after surgery. Whether the observed differences
are based on individual patient decisions, guidance from care providers or other
factors is unclear and requires further research and care deci-sion-making sensitive to
gender differences. Hypotheses are presented in some papers and include women
being referred to a surgeon only with a higher degree of disability [3, 36], women
undergoing surgery with a higher age [37], and the un-willingness to accept surgery
from the patient’s side [38,39,40]. As summarized by Novicoff and Saleh, women
express more concerns regarding the risks of treatment and the disruption of their
family-role [41]. In the context of the German healthcare system, evaluations from
the national registry showed that there are higher risks of endoprosthesis failure due
to a higher infection risk in men, which could explain these findings as well e.g. if
women at risk for infection avoid sur-gery or men improve less on average due to
higher infection risks [42]. Moreover, research on gender stereotypes also pointed to
reporting and interpretation differ-ences in pain perception, with women’s pain being
judged as less severe by physi-cians than men’s pain when the descriptions of pain
were the same [43]. In addi-tion, Samulowitz et al. [44] and Mogil et al. [45] pointed
out that women and men are brought up to express pain differently which can change
their biological re-sponse to pain and their willingness to report it. However, as
Moretti et al. [46] noted, gender is just one aspect of the multifactorial influences on

outcomes and hence needs to be viewed from an intersectional lens when addressing
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the gender health gap. Potential reasons for gender differences stated by Tannenbaum
et al. [47] that can be excluded based on the design of our study are firstly the experi-
menter-participant interaction as PROs are self-reported and secondly product-
participant interaction as all questionnaires were validated in men and women. As the
EQ-5D-5L is the only preference-based PROM in our study, the preference weights
from the German value set might have however led to overemphasizing health
dimensions that men are doing better in for the HrQoL assessment as sug-gested by
Bischof et al. [48].

Based on the findings of this study, several implications for clinical practice can be
drawn. Patients identifying as women might need more specific attention in the pre-
and intraoperative phases to improve health outcomes as argued by Solarino et al.
[49]. Both genders might also need a closer evaluation at which health and po-tentially
arthritis status a HA or KA is beneficial to reduce low-value care. The implementation
and evaluation of PROs before surgery could be one way to assess the optimal moment
to perform surgery as shown by Tew et al. [50]. In light of described biases in
physician—patient interaction, pre-surgery PROs have the bene-fit of objectifying the
health assessment. Studies often include PROs in the form of the change in PRO from
before to after therapy. As shown in this paper, looking only at the health change over
time, and not the baseline health status, can lead to clouded interpretations. In the case
of HA and KA, the results would indicate that women benefit more from surgery,
however this is driven mainly by pre-surgery PRO levels. Looking at PROs before an
intervention can point out improvement potential in the treatment of subgroups, e.g.,
more suggestions for alternative treatment options for men if their PROs are above a

certain health threshold.

This study has several strengths and limitations. It specifies the gender health gap per
observation time across different health domains for many PROs while control-ling
for known confounders. It moreover covers a large study population across different
hospitals in Germany. Since there is no way to randomize for gender, controlling for
confounders is the only way to digest the health difference due to gender. However,

this study cannot control for some confounders or identify other reasons, e.g., for the
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pre-surgery health gap, like treatments pre-hospital admission, expectations from
patients, or previous recommendation for surgery or arthritis progression in the
affected joint. Similarly, there was no information available on the follow-up
appointments besides the rehabilitation and PRO-monitoring, which could also
explain the disappearing health gap at 12-months (e.g. if men are im-proving less
because they miss follow-up care). We cannot say for certain whether men or women
are closer to the optimum of receiving surgery when indicated. In addition, the gender
variable was only assessed via three different answer options in the digital platform

man”, “woman”, “other”, whereas more and clearer gender options should have been

represented in the study.

3.2.6 Conclusion
This study shows that there are small differences across health domains between men

and women undergoing HA/KA that reduce over time. We observed a signifi-cant
gender health gap at admission to the hospital pre-HA and KA with men re-porting
better health status for pain, fatigue, depression, functionality, general health and
HrQoL when controlling for various patient characteristics and comor-bidities. At
discharge from the hospital, the gender health gap reduced, and showed significant
differences only for depression and fatigue in HA and KA, pain in KA and
functionality in HA patients. 12-months post-surgery, the gap disappeared and even
reversed in fatigue in HA patients, where men showed significantly worse scores. The
difference in PRO-improvement were small and not clinically mean-ingful. To
understand whether the differences, per measurement time, are meaning-ful to
patients, further research is needed to identify cut-off points that go beyond existing
ones only applicable to PRO-improvements. Men experiencing better health at
hospital admission while reaching similar health levels 12-months post-surgery, when
accounting for the pre-surgery health differences, might be an indi-cator of men
receiving surgery earlier than necessary or women receiving surgery later than
necessary, or both. Many studies only present the improvement in PROs over time,
thereby missing pre-intervention gender differences, which could be an important

target for improvement initiatives in patient-centric care.
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Appendix

Table Al: Descriptive statistics of the study population for additional variables (n = 6,803) igure A1: Hip arthroplasty: Explanatory power

of the patients’ gender on the z-score standardized PROs (Controlling for the PRO at admission)

b

Hip replacement patients p Knee replacement patients p
men women (N=2,066) men (N=1,430) women (N=1,680)
(N=1,627)

Comorbidities
Heart-related (yes) 332 (20.41%) 233 (11.28%) | <0.001 *** 252 (17.62%) 204 (12.14%) | <0.001 ***
Blood-related (yes) | 916 (56.30%) 1043 (50.48%) | <0.001 *xx 935 (65.38%) 1092 (65.00%) 0.823
Stroke (yes) 0 (0.00%) 0 (0.00%) / 0 (0.00%) 0 (0.00%) /
(Cyts;‘laﬁon'related 0 (0.00%) 0 (0.00%) / 0 (0.00%) 0 (0.00%) /
Lung-related (yes) 145 (8.91%) 237 (11.47%) 0.011 ** 144 (10.07%) 249 (14.82%) <0.001***
Diabetes (yes) 192 (11.80%) 160 (7.74%) <0.00] *** 160 (11.19%) 158 (9.40%) 0.102
Neurological (yes) 41 (2.52%) 68 (3.29%) 0.1691 42 (2.94%) 74 (4.40%) 0.031**
Cancer (yes) 157 (9.65%) 137 (6.63%) <0.001 *** 88 (6.15%) 98 (5.83%) 0.707
Depression (yes) 99 (6.08%) 224 (10.84%) <0.00] *** 71 (4.97%) 226 (13.45%) <0.001***
Back-related (yes) 448 (27.54%) 821 (39.74%) | <0.001 *** 393 (27.48%) 687 (40.89%) <0.001%**
g}:gritis 130 (7.99%) 260 (12.58%) <0.00] *** 146 (10.21%) 251 (14.94%) <0.001***
PRO*-remote monitoring group
monitoring 821(50.46%) 1,029 (49.81%) 0.692 720 (50.35%) 844 (50.24%) 0.950
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no monitoring 806 (49.54%) 1,037 (50.19%) 710 (49.65%) 836 (49.76%)

Mobilization after surgery

within 6 hours 775 (47.63%) 931 (45.06%) 0.076 659 (46.08%) 766 (45.60%) 0.755
within 12 hours 453 (27.84%) 600 (29.04%) 404 (28.25%) 481 (28.63%)

within 24 hours 367 (22.56%) 480 (23.23%) 320 (22.38%) 367 (21.85%)

within 48 hours 27 (1.66%) 34 (1.65%) 39 (2.73%) 50 (2.98%)

after 48 hours 5(0.31%) 21 (1.02%) 8 (0.56%) 16 (0.95%)

*PRO = patient-reported outcome

bsignificance levels were set at p<0.1*, p<0.05** and p<0.01%**

Table A2: Summary statistics for PROs pre-surgery, at discharge and 12 motnhs post-surgery and as change for hip arthroplasty pateints
per gender

Gender Male Female Female vs. male difference of
(n=1,627) (n =2,066) means
(gender health gap)

Variable® Mean | SD | Median Mean | SD | Median | Points %° p-value®
Admission

EQ-5D-5L 0.644 | 0.239 0.744 0.562 0.269 0.634 | -0.081 -12.72 <0.001""
EQ-VAS 59.14 19.90 60.00 54.96 19.67 54.00 -4.18 -7.07 <0.001""
HOOS-PS 44.29 15.50 41.70 50.43 16 50.80 6.13 13.85 <0.001""
PROMIS-D-SF 47.96 7.78 49.00 51.20 8.4 51.80 3.25 6.77 <0.001""
PROMIS-F-SF 46.92 9.20 49.00 50.97 10 51.00 4.05 8.62 <0.001""
Pain in joint 6.09 2.19 7.00 6.72 2.05 7.00 0.63 10.34 <0.001™*
Discharge

EQ-5D-5L 0.780 | 0.170 | 0.816 0.755 0.189 0.800 | -0.025 -3.18 <0.001""
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EQ-VAS 65.87 18.08 70.00 63.69 18.10 66.00 -2.18 -3.31 <0.001**
HOOS-PS 43.02 16.49 41.70 48.90 17.77 50.80 5.88 13.66 <0.001™
PROMIS-D-SF 47.13 7.15 41.00 49.63 7.79 49.00 2.50 5.30 <0.001™
PROMIS-F-SF 46.92 8.53 48.60 50.07 9.36 48.60 3.15 6.72 <0.001"*"
Pain in joint 335 2.08 3.00 3.62 2.18 3.50 0.27 7.91 <0.001**
Month 12

EQ-5D-5L 0.897 | 0.148 0.943 0.876 0.171 0918 | -0.021 -2.33 <0.001"*"
EQ-VAS 76.11 17.40 80.00 74.84 17.80 80.00 -1.27 -1.67 0.009"**
HOOS-PS 13.10 12.93 8. 80 14.99 14.05 12.57 1.89 14.43 <0.001**
PROMIS-D-SF 46.10 6.93 41.00 47.79 7.60 45.44 1.70 3.68 <0.001™
PROMIS-F-SF 44.25 8.13 46.00 45.51 8.84 46.00 1.26 2.85 <0.001"*
Pain in joint 0.91 1.60 0.00 0.95 1.69 0.00 0.04 4.13 0.585
Improvement (change from admission to month 12)

EQ-5D-5L 0.252 | 0.246 0.187 0.313 0.275 0.250 0.061 42.20 <0.001"*
EQ-VAS 1697 | 22.54 15.00 19.88 22.31 20.00 291 17.14 <0.001**
HOOS-PS -31.19 17.09 -30.40 -35.44 18.22 -35.90 -4.24 13.60 <0.001**
PROMIS-D-SF -1.86 7.44 0.00 -3.41 8.19 -1.70 -1.55 83.24 <0.001™
PROMIS-F-SF -2.68 8.60 -2.40 -5.46 9.63 -5.16 -2.79 104.06 <0.001**
Pain in joint -5.19 2.57 -5.00 -5.78 2.52 -6.00 -0.59 11.42 <0.001**

*The score ranges for the PROMs are: -0.661 to 1.0 for the EQ-5D-5L, 0-100 for the EQ-VAS, HOOS-PS and KOOS-PS, 33.7-75.8 for the PROMIS-F-SF, 41-79.4
for the PROMIS-D-SF and 0-10 for pain. The EQ-5D-5L is reported with three digits after the decimal point due to the small score range

® Exploratory: The percentage shows the relation of the difference between men’s and women’s mean PROM-score compared to men’s mean PROM-score per
timepoint. For instance, for the EQ-5D-5L at admission (0.562-0.644)/0.644.

¢ Calculated based on the Mann-Whitney U test for the admission, discharge and month 12 values and with a two-sided t-test for the change from admission to month
12. Statistical significance markers: * p<0.1; ** p<0.05; *** p<0.01
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Table A3: Summary statistics for PROs pre-surgery, at discharge, and 12 months post-surgery and as a change for knee arthroplasty

patients per gender

Gender Male Female Female vs. male difference of

(n=1,430) (n =1,680) means

(gender health gap)

Variable® Mean | SD | Median Mean | SD | Median | Points %° | p-value®
Admission
EQ-5D-5L 0.665 | 0.230 0.752 0.589 0.262 0.666 | -0.076 -11.44 <0.001""
EQ-VAS 61.09 19.29 62.00 5591 18.92 53.50 -5.19 -8.49 <0.001""
HOOS-PS 40.62 12.67 40.30 45.13 12.35 44.00 4.51 11.11 <0.001™*
PROMIS-D-SF 47.42 7.69 41.00 51.04 8.39 51.80 3.61 7.62 <0.001™*
PROMIS-F-SF 46.28 9.51 46.00 49.98 9.80 48.60 3.61 7.80 <0.001""
Pain in joint 6.49 2.04 7.00 7.04 1.93 7.00 0.55 8.41 <0.001""
Discharge
EQ-5D-5L 0.754 | 0.192 0.805 0.724 0.214 0.788 | -0.030 -4.04 <0.001*
EQ-VAS 63.34 17.97 66.00 60.54 17.56 60.00 -2.80 -4.43 <0.001""
KOOS-PS 43.46 11.52 42.00 45.67 12.07 44.00 2.21 5.09 <0.001""
PROMIS-D-SF 46.81 7.20 41.00 49.98 8.12 51.80 3.17 6.77 <0.001""
PROMIS-F-SF 47.11 8.84 48.60 50.50 8.989 48.60 3.39 7.19 <0.001""
Pain in joint 4.34 2.18 4.00 4.80 2.26 5.00 0.46 10.61 <0.001""
Month 12
EQ-5D-5L 0.869 | 0.172 0.917 0.838 0.197 0.901 -0.030 -3.47 <0.001™*
EQ-VAS 73.30 17.29 79.00 70.47 18.31 75.00 -2.83 -3.86 <0.001""
KOOS-PS 24.13 13.62 22.05 27.09 12.49 27.50 2.96 12.26 <0.001""
PROMIS-D-SF 46.03 7.05 41.00 48.54 7.99 47.81 2.51 5.44 <0.001""
PROMIS-F-SF 44.62 8.59 46.00 46.63 8.86 46.20 2.00 4.49 <0.001""
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Pain in joint | 165 189 100 ] 1.83 2.01 1.00 | 0.8 11.03 0.023"
Improvement (change from admission to month 12)

EQ-5D-5L 0.204 | 0.240 0.146 0.250 0.266 0.187 0.046 22.58 <0.001™
EQ-VAS 12.21 | 20.86 10.00 14.56 22.16 14.00 2.36 19.30 0.002***
KOOS-PS -16.49 | 14.22 -16.40 -18.04 13.99 -17.10 -1.55 9.41 0.002***
PROMIS-D-SF -1.39 7.39 0.00 -2.497 8.012 0.00 -1.11 79.52 <0.001™
PROMIS-F-SF -1.66 8.86 0.00 -3.266 9.21 -2.60 -1.61 96.72 <0.001**
Pain in joint -4.84 2.50 -5.00 -5.21 2.63 -5.00 -0.36 7.52 <0.001**

*The score ranges for the PROMs are: -0.661 to 1.0 for the EQ-5D-5L, 0-100 for the EQ-VAS, HOOS-PS and KOOS-PS, 33.7-75.8 for the PROMIS-F-SF, 41-79.4
for the PROMIS-D-SF and 0-10 for pain. The EQ-5D-5L is reported with three digits after the decimal point due to the small score range

® Exploratory: The percentage shows the relation of the difference between men’s and women’s mean PROM-score compared to men’s mean PROM-score per
timepoint. For instance, for the EQ-5D-5L at admission (0.589-0.665)/0.665.

¢ Calculated based on the Mann-Whitney U test and with a two-sided t-test for the change from admission to month 12. Statistical significance markers: * p<0.1; **
p<0.05; *** p<0.01
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3.3.1 Abstract
Background: As one of the main goals of hip and knee replacements is to improve

patients’ health-related quality of life (HRQoL), a meaningful evaluation of treatment
success can be achieved by calculating minimal important differences (MIDs) for
improvements in patient-reported outcome measures (PROMs). This study aims at
providing MIDs adjusted for patient characteristics for EQ-5D-3L index score
improvements after hip and knee replacements. It adds to existing literature by relying

on a large national sample and precise clustering algorithms.

Methods: A retrospective observational study was conducted using the publicly
available National Health Service (NHS) PROMs dataset for primary hip and knee
replacements. We use information on 252,331 hip replacements and 279,668 knee
replacements from all NHS-funded providers in England between 2013 and 2020. To
identify the best pre-operative predictor for EQ-5D-3L improvements, multivariable
linear regression was run. Based on regression results, clusters of patients were
created. Finally, unstratified and stratified MIDs for EQ-5D-3L improvements were

estimated using anchor-based receiver operator curves.

Results: The best pre-operative predictors for EQ-5D-3L index score were pre-
operative EQ-5D-3L index scores and depression status. Stratifying patients led to
increased precision in the MID calculations and showed that MIDs were larger for
patients with worse pre-operative scores and for patients with depression, and were
equally large for both genders. MIDs calculated for knee replacements were lower

than those for hip replacements.

Conclusions: Our findings show the importance of adjusting MIDs for patients’
characteristics and should be considered for quality-related choices and policy
initiatives.

Keywords: Minimal important differences; Adjusted minimal important differences;
Patient-reported outcomes; EQ-5D; Adjustment for patient characteristics; Hip

replacement; Knee replacement
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3.3.2 Background
Hip and knee replacements are two of the most frequently performed and effective

orthopedic surgeries worldwide. They are usually performed once conservative
treatment approaches have been tried and failed for end-stage osteoarthritis [1]. In
2019, roughly 101,384 hip replacements [2] and 108,506 knee replacements [3] were
performed in the UK alone, and these numbers are set to increase over the next years

[4].

As one of the main aims of hip and knee replacements is to improve patients’ health-
related quality of life (HRQoL) [5, 6], it is important to measure HRQoL improvement
after surgery with suitable instruments. Being patients the best judges of their own
HRQoL, patient-reported outcome measures (PROMs) have been proposed as suitable
instruments to understand whether surgeries such as hip or knee replacements were
successful in terms of HRQoL [7, 8].

Over the years, patients have reported some degree of dissatisfaction with hip and
knee replacement results, ranging from 20% to 7% for hip replacements [9, 10] and
29% to 13% for knee replacements [10, 11]. One possible approach to offset negative
surgery outcomes reported by patients and to set the right patients’ expectations is to
investigate PROM results. To measure outcomes from the perspective of the patient
and to encourage measurable improvements, in April 2009 the English National
Health Service (NHS) began to collect PROMs on a yearly basis from all NHS-funded
providers [12].

However, statistical significance of a PROM score change does not necessarily mean
that such change is also clinically relevant [13-15]. Clinicians and health policy
makers need to understand how to identify and interpret clinically meaningful results
to correctly use them for clinical decision making and health policy development [16].
One way to do so is to calculate minimal important differences (MIDs) of the score
of interest. In this article, we adopt the definition provided by Guyatt et al. [17] of
MID as “smallest difference in score in the domain of interest that patients perceive
as important [...], and that would lead the clinician to consider a change in the

patient’s management”.
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However, MIDs calculated for PROM scores of the average patient may lead to biased
treatment evaluations [18]. By estimating MIDs adjusted for patient characteristics, it
is possible to show a more realistic estimation of the percentage of successful hip and

knee replacements [19].

Previous studies have estimated MIDs for the EQ-5D after hip or knee replacement
[20, 21]. However, these studies are limited by sample size, lack of adjustment for
patient characteristics, not fully suitable anchors, and/or imprecise clustering
algorithms. Furthermore, to the best of our knowledge, no study has so far explored
the impact of mental health and gender-related effects in MIDs. With this study, we
aim at determining patient characteristics that influence post-surgery PROM score
improvements and at estimating more precise meaningful MIDs based on these
characteristics. According to the relevance indicated in the literature on correct
interpretation of PROMs, we additionally explore potential gender-differences in the
MID calculation [22]. We employ a larger sample size, a more reliable anchor set and

more precise clustering algorithms with respect to existing studies.

333 Methods

Data source

We conducted a retrospective observational study using the publicly available
National Health Service (NHS) PROMs dataset on hip and knee replacements, with
data from all NHS-funded providers in England between 2013 and 2020 and a
response rate of more than 60% [23]. We excluded datasets from the years 2009 to
2012 due to the absence of distinction between primary replacements and revisions
and the presence of fewer variables. See Table Al for a detailed description of the

data access procedure.

The STROBE Statement guidelines for reporting observational studies was followed
[24].
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Variables

The dataset includes information on patient demographics, pre-operative health
history, comorbidities, pre- and post-operative EQ-5D-3L (EQ-5D), Oxford Hip
Score (OHS) and Oxford Knee Score (OKS), and other post-operative information.
The post-operative follow-up time was determined by the NHS to be 6 months [25].
The EQ-5D is an internationally well-established generic PROM which takes into
account five overall HRQoL dimensions, namely mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. Each dimension has three response levels,
indicating no problems, some problems or severe problems. Its scores are aggregated
into a single index ranging from -0.594 to 1 (1 being full health and 0 being the
equivalent of death) for the UK population [26].

The OHS and OKS are joint-specific PROMs with values ranging from 0 (most severe
symptoms) to 48 (least symptoms) designed to assess disability in patients undergoing

hip replacement (knee replacement) [27, 28].
Data cleaning and final data set

We built two datasets, one for the regression model and one for the MID model, to
maximize the informational content of the dataset. The first steps of data cleaning are
the same in both models, while the second step differs according to the different

variable needs. For an illustration, see Figure Al in the Appendix.

Between April 01, 2013, and March 31, 2020, 297,806 patients received hip
replacements, of which we excluded 16,560 observations with the “Revision Flag”,
as we are only interested in primary joint replacements. Of the remaining 281,246
primary hip replacements, 255,132 completed both the pre-operative and 6-month
post-surgery follow-up EQ-5D questionnaire. We excluded 617 cases for which the
pre-operative EQ-5D was already recorded as “full health” (corresponding to a score
of 1.0), since no further score improvement was possible. At this point the data
cleaning steps for the two models differ: for the regression model, from the remaining
254,515 hip replacements, 37,876 cases for which information on any of the

regression variables was not available were eliminated, resulting in 216,639 cases.
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For the MID model, 2,184 cases for which the anchor variable “Success” for the
baseline analysis was not available were eliminated, leaving 252,331 cases. We
performed data cleaning steps for the knee replacement sample analogue to the hip
replacement sample, reaching a final data set of 245,711 observations for the
regression model, and 279,668 for the MID model.

Before implementing the analyses, some variables in the dataset were transformed for
a better representation in the model. See Table A2 in the Appendix for an overview

of such changes.
Empirical methods and approach

To characterize the sample, descriptive statistics were performed. To estimate MIDs
stratified by the factor best predicting the post-operative EQ-5D improvement, a
three-step approach was followed for both hip and knee replacements. The first step
was to run multivariable ordinary least squares regression models with the EQ-5D
index score improvement as dependent variable. The aim of this exploratory analysis
was to identify the pre-operative factor best predicting EQ-5D improvement which
would then be used to stratify patients into more homogeneous groups for MID-
estimation. The selection of the model variables was adapted with respect to the NHS
methodology for the risk-adjustment of PROMs [29, 30], since some variables are not
available in the NHS PROMs datasets available online. A forward-selection approach
maximizing the adjusted R squared was implemented for variable selection. To
understand which variable had the strongest impact on the EQ-5D score improvement,

we calculated standardized coefficients for the model.

The second step of our approach was to cluster patients through the k-means algorithm
according to the previously identified predicting factors. Additionally, a split
according to the gender variable was implemented to test differences in MIDs between

male and female patients.

As third step, we estimated the MIDs for the unstratified and stratified samples. MIDs
have a long history dating back to their first mention in 1987 by Guyatt et. al. [31]. In
1989, Jaeschke et al. [32] further developed the concept and defined the MCID as “the
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smallest difference in score in the domain of interest which patients perceive as
beneficial and which would mandate [...] a change in the patient’s management”. In
this article, we adopt the definition by Guyatt et al. [17] of “smallest difference in
score in the domain of interest that patients perceive as important [...], and that would
lead the clinician to consider a change in the patient’s management”. We focus here
on the MID that needs to be achieved in order for the hip or knee replacement surgery

to be considered a success.

The MIDs in this study were estimated with the anchor method exploiting a binary
variable indicating the success or failure of the surgery as “anchor” to assess the
meaningful improvement achieved in the EQ-5D score [33]. This is done by
exploiting receiver operator curves (ROC) [13, 33], which are often used in medical
research as they provide a good picture of the responsiveness of the outcome measure
for clinical trial evaluations or for the identification of meaningful thresholds to
indicate acceptable outcomes [34]. The advantage of the anchor-based approach is
that change in the outcome measure score is linked to a meaningful external anchor
that accounts for the patient’s perspective [35]. In this way, the EQ-5D index score
changes can be plotted on an ROC curve, which can then be used to determine
thresholds that maximize sensitivity and specificity [36]. As the aim of the MID
identification is to understand which EQ-5D improvement corresponds to a successful
surgery, the anchor selected for the baseline analysis was one question collected
during the recording of PROMs for hip and knee replacements, namely “Success”
(“Overall, how are your problems now, compared to before your operation?”).
Appendix, Table A3 shows that the majority of patients answer “Much better” to the
question of the variable “Success”, followed by “A little better”. Since the Pearson
correlation between the EQ-5D change and the variable “Success” is -0.28 for hip
replacements and -0.32 for knee replacements, we conclude that it is suitable to be
used as an anchor [37], once transformed into a binary variable (see Appendix, Table
A2). As we are looking at elective hip and knee replacement, we want to identify the
smallest change in measurement that signifies an important improvement for the

patient [38]. For this reason, we consider a success those surgeries for which patients
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reported their problems to be “Much better” or “A little better” with respect to before

the surgery.

The question “Satisfaction” (“How would you describe the results of your
operation?”), as well as two alternative binary transformations of the variable
“Success” were employed as anchors in the sensitivity analyses to test the stability of
the results to a change in the anchor. In this study, MIDs were identified using the

minimization of the sum of squares of 1-sensitivity and 1-specificity [33]:

threshold = min {(1 — sensitivity)? + (1 — specificity)?}

The anchor “Success” was also used to estimate the MIDs for sub-groups created

according to depression status and gender.

Finally, we compared the size and accuracy of the unstratified and stratified MIDs, as
well as the share of patients achieving those thresholds. As a sensitivity analysis, we
also calculate the MIDs using a distribution-based method consisting in the
calculation of half of a standard deviation (half SD) for the unstratified sample and
the subgroups stratified by the pre-operative EQ-5D index score. All statistical
analyses were performed using the statistical software RStudio (2022.02.1 version)
and STATA (18.0 version).

3.34 Results

Descriptive statistics

Table 3.6 displays the descriptive statistics for the MID model (see Table A4 and
Table AS in the Appendix for the descriptive statistics of the regression model and the
gender-adjusted model).

Patients undergoing hip (knee) replacement were on average 64.9 (65.5) years old and
mostly female (60.7% and 56.9%). The majority lived with their family (74.8% and
77.3%) and had symptoms for one to five years before the operation (69.7% and
52.3%). The most common comorbidity was arthritis (72.5% and 77.8%), followed
by high blood pressure (38.1% and 44.7%). The mean pre-operative EQ-5D index
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score for hip replacement patients was 0.350, i.e., lower than for knee replacement
patients (0.417), but their mean post-operative EQ-5D index score was 0.801, i.e.,
higher compared to knee replacement patients (0.746). Accordingly, hip replacement
patients had a higher mean score improvement (0.451) compared to knee replacement
patients (0.329). The mean pre-operative OHS was 17.8, and the OKS was 19.1. As
for the post-operative questionnaires, 95.8% (90.3%) of hip (knee) replacement
patients answered the question “Overall, how are your problems now, compared to
before your operation?” (variable “Success”) with “Much better” or “A little better”,
78.3% (63.5%) were satisfied with the results of the operation (variable
“Satisfaction”), and 6% (7.8%) were readmitted (variable “Readmitted”).
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Table 3.4: Descriptive statistics for hip and knee replacement samples

Descriptive Statistics Hip and Knee Replacement
Hip Knee
Observations Mean/% SD Observations Mean/% SD
Demographics
Age 232,824 261,115
20to 29 0.0% - 0.0% -
30 to 39 0.1% - 0.0% -
40 to 49 1.7% - 0.2% -
50 to 59 12.5% - 10.2% -
60 to 69 33.7% - 36.1% -
70 to 79 39.1% - 41.8% -
80 to 89 12.8% - 11.7% -
90 to 120 0.0% - 0.0% -
Gender 232,824 261,115
Female 60.7% - 56.9% -
arr};ig_:rlrjleernitsive living 248,941 275,433
partnlf:rl;/sglogu‘;:/tgmily/friends 74.8% ) 77:3% i
Living alone 24.7% - 22.2% -
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Living in a nursing home,
hospital or other long term care
home

Other
Pre-operative patient health
history
Pre-operative Assisted

Yes
Pre-operative Symptom
Period
Less than 1 year

1 to 5 years
6 to 10 years

More than 10 years
Pre-operative previous
surgery
Yes

Pre-operative disability
Yes
Comorbidities
Arthritis
Cancer
Circulation
Depression
Diabetes

250,411

250,162

250,514

238,548

252,331

0.1%

0.4%

16.0%

12.4%
69.7%
11.7%
6.2%

3.6%

53.5%

72.5%
5.4%
4.6%
8.0%
9.2%

277,443

277,265

277,728

268,054

279,668

0.1%

0.3%

15.9%

4.6%
52.3%
22.1%
21.0%

3.9%

51.3%

77.8%
5.3%
5.8%
8.9%
12.6%
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Heart disease 8.6% - 9.4% -
High blood pressure 38.1% - 44.7% -
Kidney disease 1.9% - 2.0% -
Liver disease 0.6% - 0.6% -
Lung disease 8.2% - 9.1% -
Nervous system 0.8% - 1.0% -
Stroke 1.3% - 1.6% -
EQ-5D index score
Pre-op EQ-5D index score 252,331 0.35 0.32 279,668 0.417 0.309
[0.587; [0.516;
[Median; Inter-quartile range] 0.101- 0.055-
0.691] 0.656]
Post-op EQ-5D index score 252,331 0.801 0.24 279,668 0.746 0.249
[0.760; [0.848;
[Median; Inter-quartile range] 0.689- 0.691-
1.000] 1.000]
Post-op EQ-5D index score 252,331 0451  0.339 279,668 0.329 0.327
change
[0.309; [0.413;
[Median; Inter-quartile range] 0.071- 0.204-
0.601] 0.736]
Oxford Hip (Knee) Score
Hip (Knee) replacement pre- 249,827 17.829  8.06 276,654 19.124  7.663
op score
Hip (Knee) replacement post- 250,420 39.987  8.493 277,661 36.001  9.367
op score




180

Patient-reported outcome measures

Hip (Knee) replacement post-
op score change

Post-operative questionnaire
Post-op “Success”
Yes
Post-op “Satisfied”
Yes
Post-op Readmitted
Yes

247,955

252,331

251,449

251,551

22.141

95.8%

78.3%

6.0%

9.866

274695

279,668

278,391

278,636

16.865

90.3%

63.5%

7.8%

9.748
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Except for a slight drop between 2017/18 and 2018/19 for hip replacement patients,
the pre-operative EQ-5D index score distribution remained rather constant over the
years for both hip and knee replacement patients and doesn’t present any trend (see
Figure A2 and A3 in the Appendix). The development of the post-operative EQ-5D
score for hip and knee replacement patients (see Figure A4 and A5 in the Appendix)
similarly does not present any trend or relevant change over the years. Likewise, the
sample size for both patient samples does not present unwarranted fluctuations. This
shows that differences over the years do not explain variance in the scores, allowing
to safely aggregate the observations over the years into a unitary dataset for the

analyses.
Regression results

Table 3.7 (Table A6) shows that the pre-operative factors explaining the largest share
of hip (knee) replacement patients’ post-operative EQ-5D index score improvement
are the patient’s pre-operative EQ-5D index score and previously diagnosed
depression. Both variables are negatively associated with the subsequent EQ-5D index
score improvement. In both groups of patients, the pre-operative EQ-5D index score
has the highest prediction weight, with a standardized coefficient of -0.859 (-0.849)
(compared with -0.101 (-0.100) from the next highest value).
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Table 3.5: Regression results on 6-months EQ-5D-5L index score improvement for hip replacement sample

Hip Replacement Regression Results

Dependent variable:

Demographics

Age 30 to 39

Age 40 to 49

Age 50 to 59

Age 60 to 69

Age 70 to 79

Age 80 to 89

Age 90to 120

Female

Pre-operative Living Arrangements
Pre-operative patient health history
Pre-operative Assisted

Pre-operative Symptom Period

EQ5D Index Change
(1) (2)
Multivariate OLS Standardized multivariate OLS
-0.090 (0.062) -0.009 (0.062)
-0.068 (0.060) -0.026 (0.060)

-0.053 (0.060)
-0.030 (0.060)
-0.028 (0.060)
-0.038 (0.060)
-0.078 (0.064)

-0.005%** (0.001)
-0.018%** (0.001)

-0.015%** (0.001)
0.020%** (0.003)

-0.051 (0.060)
-0.042 (0.060)
-0.040 (0.060)
-0.037 (0.060)
-0.005 (0.064)
-0.007%%** (0.001)
-0.024%% (0.001)

-0.031%** (0.001)
0.011%** (0.003)
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Comorbidities
Arthritis

Cancer
Circulation
Depression
Diabetes

Heart disease
High blood pressure
Kidney disease
Liver disease
Lung disease
Nervous system
Stroke
EQ-5D-3L Index

Oxford Hip Score

Pre-operative Previous Surgery

Pre-operative Disability

Pre-operative EQ-5D Index

Hip Replacement Pre-operative Pain

Hip Replacement Pre-operative Sudden Pain
Hip Replacement Pre-operative Night Pain
Hip Replacement Pre-operative Washing

0.061%%* (0.001)
0.004*** (0.001)

-0.026*** (0.001)
-0.010%** (0.002)
-0.076*** (0.002)
-0.126*** (0.002)
-0.026*** (0.002)
-0.026*** (0.002)
-0.007%** (0.001)
-0.011%** (0.003)
0.004 (0.006)

-0.033%** (0.002)
-0.059%** (0.005)
-0.024%** (0.004)

-0.914%** (0.002)

-0.012%% (0.001)
0.001** (0.0005)
0.005*** (0.001)
0.010%** (0.001)

0.090*** (0.001)
0.008*** (0.001)

-0.033%** (0.001)
-0.007*** (0.002)
-0.047%%% (0.002)
-0.101%** (0.002)
-0.023%** (0.002)
-0.022%%* (0.002)
-0.010%** (0.001)
-0.004 (0.003)
0.001 (0.006)
-0.027%%* (0.002)
-0.016%** (0.005)
-0.008%* (0.004)

-0.860%** (0.002)

-0.023%%* (0.001)
0.004*** (0.0005)
0.016*** (0.001)
0.029%** (0.001)
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Hip Replacement Pre-operative Transport
Hip Replacement Pre-operative Dressing
Hip Replacement Pre-operative Shopping
Hip Replacement Pre-operative Walking
Hip Replacement Pre-operative Limping
Hip Replacement Pre-operative Stairs
Hip Replacement Pre-operative Standing

Hip Replacement Pre-operative Work

0.0003 (0.001)
-0.002%%* (0.001)
0.016%** (0.001)
0.007*** (0.001)
-0.029%** (0.001)
0.017%** (0.001)
0.001 (0.001)

0.008*** (0.001)

0.001 (0.001)
-0.005%** (0.001)
0.059*** (0.001)
0.023%** (0.001)
-0.077%%* (0.001)
0.046*** (0.001)
0.002** (0.001)

0.020%** (0.001)

Constant 0.685*** (0.060) (0.06)
Observations 216,639 216,639
R? 0.593 0.593
Adjusted R? 0.593 0.593

Legend: *p<0.1; **p<0.05; ***p<0.01; standard deviation in brackets



Patient-reported outcome measures 185

MIDs

Since the pre-operative EQ-5D index score is the strongest predictor of the subsequent
EQ-5D index score improvement for both hip and knee replacement patients, sub-
groups of patients were created according to their pre-operative EQ-5D index scores.
Table 3.8 reports the results of the MID analysis using the baseline anchor “Success”.
Sensitivity analyses exploring the alternative anchor “Satisfaction” (Table A7), as
well as two alternative binary transformations of the anchor “Success” (Table AS8) are
shown in the Appendix. It is clear from the area under the curve (AUC) that stratifying
the sample of patients based on the pre-operative EQ-5D index score leads to
increased precision in the MID calculations. The estimated MID value for hip (knee)
replacement patients for the unstratified sample was 0.185 (0.114) for both hip and
knee replacement patients, and, regardless of the anchor used, the MIDs varied among
the different pre-operative EQ-5D index score subgroups. The MID values ranged
from 0.661 (0.567) for the patients in the subgroups with the lowest pre-operative EQ-
5D index score (-0.594 to -0.055 for hip replacement patients and -0.594 to 0.03 for
knee replacement patients) to 0.045 (0.012) for patients with the highest pre-operative
EQ-5D index score (0.656 to 0.883 for both hip and knee replacement patients).
Generally, patients starting with worse pre-operative scores need larger improvements
to reach their MID.
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Table 3.6: Unstratified and stratified MIDs for hip and knee replacement according to “pre-operative EQ-5D index score”

MIDs - Hip replacement MIDs - Knee replacement

Anchor: Success Observations AUC MIDs Anchor: Success Observations AUC MIDs
Unstratified 252,331 0.784 0.185 Unstratified 290,763 0.751 0.114
Pre-operative EQ-5D Pre-operative EQ-5D

-0.594 to -0.055 25,015 0.849 0.661 -0.594 t0 0.03 40,109 0.821 0.567
-0.05 to 0.109 67,845 0.88 0.61 0.05t00.213 69,321 0.862 0.542
0.118 t0 0.383 29,002 0.875 0.525 0.219 to 0.433 8,732 0.839 0.405
0.414 to 0.639 65,876 0.886 0.114 0.452 to 0.639 53,888 0.834 0.081
0.656 to 0.883 64,593 0.9009  0.045 0.656 to 0.883 107,618 0.876 0.012

Legend: AUC = area under the curve; MID = minimal important difference
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The same trend is true when using the anchor “Satisfaction”, but the precision of the
estimates is reduced compared to using the anchor “Success”. Compared to the MIDs
calculated with the anchor “Success”, the MIDs calculated using the alternative
anchor “Satisfaction” show consistently higher values (see Table A7). These are
similar to the MIDs calculated using the anchor “Success” but defined in a more
conservative way, i.e., only considering the reply “Much better” to the question
“Overall, how are your problems now, compared to before your operation?” as
indicative of a successful surgery (see Table A8). On the other hand, MIDs calculated
only on the basis of the answer “A little better” to the “Success” variable, while

reaching much lower accuracy, are consistently lower.

The MIDs calculated for knee replacement patients were consistently lower than those

calculated for hip replacement patients for both unstratified and stratified samples.

Figure 3.8 and Figure 3.9 show that without adjusting for pre-operative EQ-5D index
score the probability that a hip or knee replacement is considered a success is higher
for the patients group starting with worse EQ-5D-3L scores. The unstratified MID of
0.185 (0.114) would only be achieved by 61% (48%) of hip (knee) replacement
patients belonging to the subgroup with highest pre-operative EQ-5D-3L index score
(0.656 to 0.883), while 92% (88%) of the patients in the lowest pre-operative EQ-5D-
3L index score group would achieve it. When adjusting for patients’ characteristics
by using subgroup specific MIDs, instead, a more constant share of patients across all

subgroups achieves their stratified MID thresholds.
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Figure 3.8: MIDs for hip replacement patients, unstratified and stratified by pre-operative EQ-5D index score—impact on the patient

sample
Unstratified MIDs Stratified MIDs
Sample size —» 25015 67’845 29002 65876 64’593 25’015 67'845 29002 65876 64’593
64% 61%
74% 75% 74% 78%
94% 95%
39%
b 26% 25% 26% 2%
8% 6%
-0.594 to -0.05to 0.118 to 0.414 to 0.656 to -0.594 to -0.05 to 0.118 to 0.414 to 0.656 to
-0.055 0.109 0.383 0.639 0.883 -0.055 0.109 0.383 0.639 0.883
I Achieving MID I Achieving MID
Not achieving MID Not achieving MID
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Figure 3.9: MIDs for knee replacement patients, unstratified and stratified by pre-operative EQ-5D index score—impact on the patient

sample
Unstratified MIDs
Sample size —» 40’109 69’321 8'732

.

53’888

107'618

52%
-0.594 0.05 to 0.219 to 0.452 to 0.656 to
t0 0.03 0.213 0.433 0.639 0.883
I Achieving MID
Not achieving MID

Stratified MIDs
40'109 69'321 8732 53'888 107’618
. . .
31% 32% 7% 35% s
-0.594 0.05 to 0219to  0452to  0.656to
to 0.03 0.213 0.433 0.639 0.883
Bl Achieving MID
Not achieving MID
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By looking at the results of the sensitivity analysis using the half SD method (Table
A11), we note that the unstratified MID calculated with the half SD method is close
to the one calculated through the anchor-based method, however it is lower for hip
replacements and higher for knee replacements. On the other hand, estimates for the
stratified MIDs are consistently lower for the lower pre-operative EQ-5D index score

subgroups, and higher for the higher pre-operative EQ-5D index score subgroups.
Additional MID stratifications

Table 3.9 shows additional stratifications of the MIDs according to different patients’

characteristics.

As the second most important predicting factor of EQ-5D index score improvement,
we first explore the stratification of patients according to the variable “Depression”
(i.e., having been told by a doctor to have depression), and according to “Depression”
and “Pre-operative EQ-5D” clustered together. The sub-group of patients with
depression shows higher MIDs for hip replacements (0.215 compared to 0.185) but
not for knee replacements (0.114). The accuracy of the estimation decreases in the
sub-group of patients with depression in both hip and knee replacement samples,
which make up smaller sample sizes than the non-depression groups. On the other
hand, the accuracy of the MID estimates reached in the non-depressed sample is
increased with respect to the baseline model. Once additionally stratifying for the pre-
operative EQ-5D score, the MIDs calculated for patients with depression are lower
than the ones calculated for patients without depression in almost all pre-operative
score sub-groups. However, one can notice how there is a relatively higher proportion
of depressed patients among the lower pre-operative EQ-5D score sub-groups than for

non-depressed patients.

We also present the results of the MID calculations stratified by gender and by gender
and pre-operative EQ-5D index score, to understand whether the MIDs differ between
male and female patients. We observe that the MID threshold for perceiving the
intervention as a success is the same for both genders before the combined

stratification with the pre-operative EQ-5D index score, meaning that the minimal
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post-operative EQ-5D improvement representing a successful intervention was on
average the same for female and male patients. The same result is found when
stratifying by both gender and pre-operative EQ-5D index score, with minor
differences between the MIDs of female and male patients across the pre-operative

EQ-5D index score groups.
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Table 3.7: Unstratified and stratified MIDs for hip and knee replacement according to “pre-operative EQ-5D index score”,

“depression”, and “gender”

MIDs - Hip replacement

Subgroups - Depression No depression Female Male
Anchor: Success Obs. AUC MIDs Obs. AUC MIDs Obs. AUC MIDs Obs. AUC MIDs Obs. AUC MIDs
Unstratified 252,331 0.784 0.185 | 20,285 0.765  0.215 | 232,046 0.787  0.185 141,132 0.782  0.185 91,676 0.787  0.185
Pre-operative
EQ-5D

-0.594 to -

0.055 25,015 0.849 0.661 5,868 0.809  0.438 19,147 0.858 0.71 15,550 0.847  0.652 7,429 0.853  0.661
-0.05 to 0.109 67,845 0.88 0.61 6,181 0.841 0.542 61,664 0.882  0.617 41,443 0.875  0.617 21,290 0.891 0.61
0.118 to 0.383 29,002 0.875 0.525 1,437 0.806  0.375 27,565 0.878  0.542 16,461 0.87 0.544 10,352 0.884  0.471
0.414 to 0.639 65,876 0.886 0.114 5,445 0.845  0.043 60,431 0.889  0.114 34,681 0.879  0.114 26,102 0.897  0.114

0.656 to 0.883 64,593 0.9009 0.045 1,354 0.887 0.01 63,239 0.901 0.045 32,997 0.902  0.045 26,503 0.908  0.046

MIDs - Knee replacement

Subgroups - Depression No depression Female Male
Anchor: Success Obs. AUC MIDs Obs. AUC MIDs Obs. AUC MIDs Obs. AUC MIDs Obs. AUC MIDs
Unstratified 290,763 0.751 0.114 | 25,001  0.739  0.114 | 254,667 0.753  0.114 148,443 0.747  0.114 | 112,650 0.757  0.114
Pre-operative
EQ-5D

-0.594 t0 0.03 40,109 0.821 0.567 9,688 0.795 0.39 30,421 0.826  0.603 24,571 0.812  0.558 12,538 0.833  0.603
0.05t0 0.213 69,321 0.862 0.542 5,135 0.835  0.444 64,186 0.865  0.542 40,317 0.858  0.542 24,310 0.87 0.542

0.219 t0 0.433 8,732 0.839 0.405 482 0.791 0.337 8,250 0.842  0.405 4,012 0.809  0.402 4,060 0.863 0.37
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0.452 t0 0.639 53,888 0.834 0.081 7,264 0.815 0.01 46,624 0.837  0.081 29,211 0.829  0.081 21,300 0.843  0.081

0.656 to 0.883 107,618 0.876 0.012 2,432 0.84 0.043 | 105,186  0.877  0.012 50,332 0.874  0.012 50,442 0.881 0.043

Legend: AUC = area under the curve; MID = minimal important difference; Obs. = Observations
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3.35 Discussion
With this study, we aimed at filling the research gap existing in the literature on MIDs

by estimating thresholds for the EQ-5D index score reflecting meaningful
improvements in the HRQoL of patients following hip or knee replacement, with
some crucial innovations with respect to previous studies. Firstly, we leveraged the
large sample size from the nationally representative NHS PROMs dataset. Secondly,
the availability of multiple external variables allowed us to not only calculate accurate
MIDs but also to check their robustness with respect to possible alternative anchors.
In addition, the patient stratification was conducted through a machine-learning
clustering algorithm considering the density distribution of the pre-operative EQ-5D

index score, allowing to identify meaningful patient clusters.

Our findings show that the improvements in the post-operative EQ-5D index score
are influenced by various patients’ pre-operative characteristics, such as pre-operative
PROM score values and depression status, and are best predicted by the pre-operative
EQ-5D index score. Moreover, we show that stratifying the sample based on patients’
pre-operative EQ-5D index score leads to increased accuracy in the MID calculations,
and that patients starting with worse pre-operative scores need a larger improvement
in the post-operative EQ-5D index score for the surgery to be considered successful.
This is in line with literature showing that low pre-operative PROM scores are
associated with high pre-operative expectations [39]. Furthermore, while MIDs based
on some PROMs have been shown in the literature to present no correlation with
baseline severity, MIDs based on the EQ-5D show correlation in the case of hip and
knee replacements [40]. In line with findings from the literature [18], we also show
how, without adjustment for patients’ characteristics, the probability that a surgery is
considered a success is disproportionately higher for the patients group starting with
worse EQ-5D scores. Instead, when adjusting for patients’ characteristics by using
subgroup specific MIDs, a more constant share of patients across all subgroups
achieves their stratified MID thresholds, reflecting a more realistic evaluation of

Surgery successes.
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These findings show that the use of unstratified thresholds to evaluate treatment
outcomes or detect critical recovery paths are not advisable and would lead to an
inaccurate assessment of hip and knee replacement successes and adverse events.
MID values calculated based on patients’ EQ-5D index score at admission, instead,

provide thresholds that are better tailored to individual patients.

In addition, we show that stratifying patients by both pre-operative EQ-5D index
score and depression status leads to increased accuracy in the estimation of the sample
of non-depressed patients; that depressed patients exhibit lower MIDs than non-
depressed patients; and that depressed patients make up a relatively larger share of
cases with lower pre-operative EQ-5D index scores. We also find that the threshold
for perceiving the improvement as a success is the same for both genders. This leads
to the conclusion that, on average, male and female patients expect a similar absolute
improvement of their HRQoL status post-surgery. However, since there is a higher
proportion of female patients starting with a lower baseline score our results suggest
that female patients tend to rate the intervention as a success with a lower post-
operative HRQoL compared to male patients. This implies that, while gender
differences need to be considered when assessing patients’ current health status, MID

thresholds can reasonably be calculated independently of gender.
Findings from other studies

While several studies attempted to estimate (unstratified) MIDs based on PROMs for
hip and knee replacement patients, and despite several studies emphasizing that the
share of patients achieving an unstratified MID depends on their admission score [41-
43], literature on thresholds adjusted for patient characteristics is relatively limited
[44]. To the best of our knowledge, no study has so far estimated MIDs for hip and
knee replacement patients clustered according to both depression status and pre-
operative PROMs, and according to gender and pre-operative PROMs. Davis et al.
[45] showed that unstratified thresholds to assess treatment outcome after orthopedic
surgery led to an unfair assessment of successful outcomes, depending on pre-
operative PROM scores. Stratford et al. [46] concluded that calculating PROM

thresholds based on pre-operative PROM scores significantly improved the accuracy
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of estimated thresholds. However, the studies by Paulsen et al. [21] and Kuklinski et
al. [19] are the only ones estimating MCID values based on subgroups clustered by
pre-operative PROM scores. Through a distribution-based method, Paulsen et al. [21]
showed that MCID values vary significantly among subgroups of patients with
different pre-operative PROM scores (lowest tertile: 0.67; middle tertile: 0.34; highest
tertile: 0.23). Through an anchor-based method, Kuklinski et al. [19] showed that
thresholds for meaningful improvement in PROM scores need to be adjusted to patient
characteristics and that MCID thresholds for hip replacement at 3-months (12-
months) follow-up are 0.637 (0.889) for the lowest pre-operative EQ-5D-5L group,
and 0.001 (0.113) for the highest pre-operative score group.

Comparison with the distribution-based method sensitivity analysis results show that
the anchor-based MID achieves a better discrimination performance for stratified
MIDs. Our results for unstratified and stratified MID thresholds are in line and

consistent with the results from the literature.
Limitations

Since PROMs information comes from survey data, our dataset may suffer from a
problem of responder bias, as patients with extremely poor recoveries may not be able
to answer the questionnaire, even if assisted. However, the English ‘best practice
tariff” pay-for-performance scheme creates an incentive for providers to meet the

minimum standard for data collection [47, 48].

Another limitation lies in the fact that MID estimations varied depending on the
anchor used. Anchor-based methods have also been criticized for the effect of recall
bias on long-term responsiveness and for their inability to include the measurement
precision of the global instrument [13]. However, studies have shown that the EQ-5D
appears to be largely free of recall bias [49, 50].

A final source of bias may also derive from the correlation between fulfillment of
expectations and patient satisfaction [39]. A systematic difference in expectations
between the clusters might bias our MIDs when calculated using the anchor

“Satisfaction”.



Patient-reported outcome measures 197

3.3.6 Conclusion
Our research shows that when evaluating PROM results by using MIDs, they should

be adjusted for patients’ characteristics, and especially for pre-operative PROM
scores, as patients starting with worse pre-operative scores need larger improvements
for surgeries to be considered successful. By doing so, a more accurate evaluation of

surgery successes can be achieved.

We envision our findings to be used as inputs for the refinement of clinical decision
support systems, thus benefitting several groups of stakeholders in the healthcare
system. Physicians could take our findings into consideration when monitoring
patients’ recovery paths to enable a reliable feedback cycle and treatment path
adaption. When using PROMs for quality monitoring and policy design, health policy
makers might consider our findings to assess the quality of hospital treatments
independently from patient selection bias. Our findings can also guide health insurers
in the development of pay-for-performance contracts based on surgery success
evaluated through PROMs. Likewise, patients could benefit from exposure to these

findings for better hospital choices based on expected surgery success.

Future research should aim at providing MID thresholds that are adjusted for patients’
characteristics and as precise as possible. Furthermore, future research would benefit
from the exploration of MIDs for disease-specific instruments in addition to MIDs for

generic instruments.
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Appendix
Table Al: Description of data access procedure
Step Procedure
Visit the main website: https://digital.nhs.uk/data-and-information/publications/statistical/patient-reported-outcome-
! measures-proms
From the main website, select "Finalised Patient Reported Outcome Measures (PROMs) in England for Hip & Knee
5 Replacements, April 20XX — March 20XX" links for each year (in our case from 2013 to 2020). For example, for 2019 to
2020 the link is:_https://digital.nhs.uk/data-and-information/publications/statistical/patient-reported-outcome-measures-
proms/finalised-hip-and-knee-replacement-april-2019---march-2020
3 Under “Resources”, download the "CSV Data Pack" files for each year

Within the downloaded folder, select "Record Level Hip Replacement XXXX" and "Record Level Knee Replacement
4 XXXX" (2013 to 2015), or "Hip Replacement XXXX" and "Knee Replacement XXXX" (2015-2016), or "Hip
Replacement Provider XXXX" and "Knee Replacement Provider XXXX" (2016-2020)

5 Merge the selected files in one dataset from 2013 to 2020.



https://digital.nhs.uk/data-and-information/publications/statistical/patient-reported-outcome-measures-proms
https://digital.nhs.uk/data-and-information/publications/statistical/patient-reported-outcome-measures-proms
https://digital.nhs.uk/data-and-information/publications/statistical/patient-reported-outcome-measures-proms/finalised-hip-and-knee-replacement-april-2019---march-2020
https://digital.nhs.uk/data-and-information/publications/statistical/patient-reported-outcome-measures-proms/finalised-hip-and-knee-replacement-april-2019---march-2020
https://digital.nhs.uk/data-and-information/publications/statistical/patient-reported-outcome-measures-proms/finalised-hip-and-knee-replacement-april-2019---march-2020
https://digital.nhs.uk/data-and-information/publications/statistical/patient-reported-outcome-measures-proms/finalised-hip-and-knee-replacement-april-2019---march-2020
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Figure A1: Data cleaning process

Hip replacement

Revisions 16,560.
Patients without EQ-5D-31. 26,114.
Patients in full health 617l
Patients missing at least one covariate 37,876 -
Final regression data set _ 216,639
Raw data set 297,806
Revisions 16,5605
Patients without EQ-5D-3L 26,114 :l
Patients in full health 617
Patients without success anchor 2,184
Final MCDI pre-op score data set 252,331
Patients without gender information 19,523 3
Final MCID gender data set 232,808

Knee replacement

324,946

36,288- [ Regression model

12,668

29,301 El

978'

324,946

2,331

279,668

18,575 ] ] MCID model

261,093

Note: “Patients without EQ-5D-3L” indicates observations missing either pre-operative or post-operative EQ-5D-3L questionnaire. “Patients in full health”

indicates observations for which the EQ-5D-3L index score = 1.
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Table A2: Variable transformation

5 =Poor

. NHS dataset Recoded Recoded variable "Success"
Variable name . . e . .
variables variables for sensitivity analysis
1=Male 0 =Male
Gender
2 = Female 1 = Female
1=Yes 1=Yes
Comorbidities
9 = Missing 0=No
1 = Much better Yes Yes
2 = A little better No Yes
Success 3 = About the same No No
4 = A little worse
5 = Much worse
1 = Excellent Yes
2 =Very Good
Satisfaction 3 =Good No
4 = Fair
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Table A3: Percentage of answers to the variable “Success”

Descriptive Statistics Hip (Knee) Replacement

Variable "Success"
Much better

A little better
About the same

A little worse

Much worse

252331

Hip

Observations Mean

0.878
0.08
0.021
0.012
0.009

SD

Observations

279,668

Knee

Mean

0.749
0.154
0.043
0.033
0.021

SD
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Table A4: Descriptive statistics for hip and knee replacement samples — Gender-stratified MIDs samples

Descriptive Statistics Hip and Knee Replacement
Hip Knee
Observations Mean/% SD Observations Mean/% SD
Demographics
Age 232,808 261,093
20 to 29 0.0% - 0.0% -
30to 39 0.1% - 0.0% -
40 to 49 1.7% - 0.2% -
50 to 59 12.5% - 10.2% -
60 to 69 33.7% - 36.1% -
70 to 79 39.1% - 41.8% -
80 to 89 12.8% - 11.7% -
90 to 120 0.0% - 0.0% -
Gender 232,808 261,093
Female 60.6% - 56.9% -
Pre-operative living arrangements 229,580 257,038
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Living with
partner/spouse/family/friends

Living alone

Living in a nursing home, hospital or
other long term care home

Other
Pre-operative patient health history
Pre-operative Assisted
Yes
Pre-operative Symptom Period
Less than 1 year
1 to 5 years
6 to 10 years
More than 10 years
Pre-operative previous surgery
Yes
Pre-operative disability

Yes

231,023

230,727

231,085

219,936

74.5%

25.0%
0.1%

0.4%

15.8%

12.5%

70.1%

11.6%

5.8%

3.4%

53.9%

259,014

258,778

259,220

250,127

77.3%

22.3%
0.1%

0.3%

15.8%

4.6%

52.6%

22.2%

20.6%

3.9%

51.4%
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Comorbidities 232,808 261,093
Arthritis 72.8% - 78.0% -
Cancer 5.5% - 5.4% -
Circulation 4.7% - 5.9% -
Depression 7.9% - 8.8% -
Diabetes 9.4% - 12.8% -
Heart disease 8.8% - 9.6% -
High blood pressure 39.0% - 45.4% -
Kidney disease 1.9% - 2.0% -
Liver disease 0.6% - 0.6% -
Lung disease 8.4% - 9.3% -
Nervous system 0.8% - 1.0% -
Stroke 1.3% - 1.6% -

EQ-5D index score
Pre-op ES-D index score 232,808 0.35 0.319 261,093 0.418 0.308
Post-op ES-D index score 232,808 0.801 0.239 261,093 0.748 0.247
Post-op ES-D index score change 232,808 0.452 0.339 261,093 0.33 0.326
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Oxford Hip (Knee) Score
Hip (Knee) replacement pre-op score
Hip (Knee) replacement post-op score
Post-operative questionnaire
Post-op “Success”
Yes
Post-op “Satisfied”
Yes
Post-op Readmitted

Yes

230,477
231,037

232,808

231,969

232,089

17.815

39.978

95.8%

78.1%

6.0%

8.052
8.474

258,282
259,224

261,093

259,892

260,143

19.149

36.042

90.4%

63.5%

7.7%

7.65
9.328
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Table AS: Descriptive statistics for hip and knee replacement sample — Regression sample

Descriptive Statistics Hip and Knee Replacement
Hip Knee
Observations Mean/% SD Observations Mean/% SD
Demographics

Age 225,604 256,258
20 to 29 0.0% - 0.0% -
30 to 39 0.1% - 0.0% -
40 to 49 1.7% - 0.2% -
50 to 59 12.4% - 10.2% -
60 to 69 33.6% - 36.2% -
70 to 79 39.1% - 41.6% -
80 to 89 13.0% - 11.8% -
90 to 120 0.1% - 0.0% -
Gender 225,604 256,258

Female 60.8% - 57.0% -
Pre-operative living arrangements 225,604 256,258
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Living with
partner/spouse/family/friends

Living alone

Living in a nursing home, hospital
or other long term care home

Other
Pre-operative patient health history
Pre-operative Assisted
Yes
Pre-operative Symptom Period
Less than 1 year
1 to 5 years
6 to 10 years
More than 10 years
Pre-operative previous surgery
Yes
Pre-operative disability

Yes

224,326

225,604

225,604

225,604

74.3%

252%
0.1%

0.4%

15.9%

12.5%

70.1%

11.7%

5.8%

3.4%

54.2%

254,784

256,258

256,258

256,258

77.1%

22.5%
0.1%

0.3%

15.8%

4.5%

52.5%

22.3%

20.6%

7.4%

51.7%
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Comorbidities 225,604 256,258
Arthritis 74.4% - 79.6% -
Cancer 5.6% - 5.5% -
Circulation 4.9% - 5.9% -
Depression 8.3% - 9.1% -
Diabetes 9.6% - 13.0% -
Heart disease 9.1% - 9.8% -
High blood pressure 39.7% - 46.2% -
Kidney disease 2.0% - 2.0% -
Liver disease 0.6% - 0.6% -
Lung disease 8.7% - 9.5% -
Nervous system 0.8% - 1.1% -
Stroke 1.4% - 1.7% -

EQ-5D index score
Pre-op ES-D index score 225,604 0.346 0.32 256,258 0.418 0.309
Post-op ES-D index score 216,639 0.8 0.239 245,711 0.748 0.247
Post-op ES-D index score change 216,639 0.452 0.339 245,711 0.329 0.326
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Oxford Hip (Knee) Score
Hip (Knee) replacement pre-op score
Hip (Knee) replacement post-op score
Post-operative questionnaire
Post-op “Success”
Yes
Post-op “Satisfied”
Yes
Post-op Readmitted

Yes

225,604
223,158

223,096

222,780

223,071

17.703

39.871

95.8%

77.8%

6.1%

8.042
8.525

256,258
252,444

253,792

253,337

253,741

19.128

35.99

90.3%

63.2%

7.7%

7.666
9.348
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Figure A2: Evolution of pre-operative EQ-5D index score — hip replacement sample
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Figure A3: Evolution of pre-operative EQ-5D index score — knee replacement sample
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Figure A4: Evolution of post-operative EQ-5D index score — hip replacement sample
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Figure AS:

Post-operative EQ-5D
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Table A6: Regression results on 6-months EQ-5D-3L index score improvement for knee replacement sample

Demographics
Age 30 to 39
Age 40 to 49
Age 50 to 59
Age 60 to 69
Age 70 to 79
Age 80 to 89
Age 90 to 120
Gender

Pre-operative Living Arrangements

Knee Replacement Regression Results

(1)
Multivariate OLS

0.010 (0.011)
0.054%** (0.011)
0.079%** (0.011)
0.082%** (0.011)
0.086* (0.046)
0.003*** (0.001)
-0.016*** (0.001)

Dependent variable:

EQSD Index Change

)

Standardized multivariate OLS

0.009 (0.011)
0.081%** (0.011)
0.119%** (0.011)
0.081%** (0.011)
0.003 (0.046)
0.005%** (0.001)
-0.022%** (0.001)
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Pre-operative patient health history
Pre-operative Assisted
Pre-operative Symptom Period
Pre-operative Previous Surgery
Pre-operative Disability

Comorbidities
Arthritis
Cancer
Circulation
Depression
Diabetes
Heart disease
High blood pressure
Kidney disease
Liver disease
Lung disease

Nervous system

0.004%** (0.001)
0.001 (0.001)
0.019%** (0.002)
0.063%** (0.001)

-0.015%** (0.001)
0.0004 (0.002)
-0.061%** (0.002)
-0.114%** (0.002)
-0.028*** (0.001)
-0.020%** (0.002)
-0.001 (0.001)
-0.012%** (0.003)
-0.004 (0.006)
-0.019%** (0.002)
-0.049%** (0.004)

0.007%** (0.001)
0.001%** (0.001)
0.011%** (0.002)
0.097%** (0.001)

-0.018*** (0.001)
0.0003 (0.002)
-0.044%** (0.002)
-0.100%** (0.002)
-0.028*** (0.001)
-0.018%** (0.002)
-0.002** (0.001)
-0.005 (0.003)
-0.001 (0.006)
-0.017%** (0.002)
-0.015%** (0.004)
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Stroke -0.027*** (0.003) -0.011*** (0.003)
EQ-5D-3L Index
Pre-operative EQ5D Index -0.897*** (0.002) -0.849%** (0.002)

Oxford Knee Score
Knee Replacement Pre-operative Pain
Knee Replacement Pre-operative Kneeling
Knee Replacement Pre-operative Night Pain
Knee Replacement Pre-operative Washing
Knee Replacement Pre-operative Transport
Knee Replacement Pre-operative Confidence
Knee Replacement Pre-operative Shopping
Knee Replacement Pre-operative Walking
Knee Replacement Pre-operative Limping
Knee Replacement Pre-operative Stairs
Knee Replacement Pre-operative Standing
Knee Replacement Pre-operative Work

Constant

-0.018*** (0.001)
0.003*** (0.001)
0.009%** (0.0005)
0.026%** (0.001)
0.004%** (0.001)
0.005%** (0.0005)
0.015%** (0.001)
0.007%** (0.0005)
-0.020%** (0.001)
0.006*** (0.001)
-0.001 (0.001)
0.010%** (0.001)
0.410%** (0.012)

-0.035%** (0.001)
0.007%** (0.001)
0.032%** (0.0005)
0.078%** (0.001)
0.010%** (0.001)
0.018%** (0.0005)
0.056*** (0.001)
0.025%** (0.0005)
-0.060*** (0.001)
0.018%** (0.001)
-0.003*** (0.001)
0.028%** (0.001)
(0.012)
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Observations 245,711 245,711
R? 0.545 0.545
Adjusted R? 0.545 0.545
Note: *p<0.1; **p<0.05; ***p<0.01
Table A7: Unstratified and stratified MIDs for hip and knee replacement with “Satisfaction” variable as anchor
MIDs - Hip replacement MIDs - Knee replacement
Anchor: Satisfaction Observations AUC MIDs | Anchor: Satisfaction Observations AUC MIDs
Unstratified 251,992 0.655 0.282 | Unstratified 279,144 0.657  0.193
Pre-operative EQ-5D Pre-operative EQ-5D
-0.594 to -0.055 24,989 0.744 0.778 -0.594 to 0.03 40,034 0.733 0.71
-0.05 to 0.109 67,726 0.795 0.717 0.05 to 0.213 69,175 0.787 0.646
0.118 to 0.383 28,954 0.802 0.611 0.219 to 0.433 8,711 0.784 0.441
0.414 to 0.639 65,801 0.813 0.197 0.452 to 0.639 53,794 0.772 0.117
0.656 to 0.883 64,522 0.829 0.133 0.656 to 0.883 107,430 0.804 0.095
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Table A8: Unstratified and stratified MIDs for hip and knee replacement with alternative anchor “Success”. “Much better”: 1 = “much

better”; 0 = “a little better”, “about the same”, “a little worse”, “much worse”. “A little better”: 1 = “a little better”; 0 = “about the same”,

“a little worse”, “much worse”

MIDs - Hip replacement MIDs - Knee replacement
Anchor: Success . Anchor: Success .
("Much better") Observations AUC MIDs ("Much better") Observations AUC MIDs
Unstratified 252,331 0.716 0.235 Unstratified 279,668 0.693 0.185
Pre-operative EQ-5D Pre-operative EQ-5D
-0.59%4 to -0.055 25,015 0.795 0.767 -0.594 to 0.03 40,109 0.777 0.646
-0.05 to 0.109 67,845 0.849 0.646 0.05 t0 0.213 69,321 0.83 0.6
0.118 to 0.383 29,002 0.851 0.542 0.219 to 0.433 8,732 0.82 0.441
0.414 to 0.639 65,876 0.864 0.164 0.452 to 0.639 53,888 0.81 0.114
0.656 to 0.883 64,593 0.877 0.095 0.656 to 0.883 107,618 0.848 0.081
Anchor: Success . Anchor: Success .
("A little better") Observations AUC MIDs ("A little better") Observations AUC MIDs
Unstratified 30,841 0.659 0.078 Unstratified 70,297 0.656 0.078
Pre-operative EQ-5D Pre-operative EQ-5D
-0.594 to -0.126 1,952 0.718 0.38 -0.594 to 0.112 2,987 0.711 0.292
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-0.113 to 0.101 10,778 0.701 0.542 -0.095 to 0.101 19,687 0.719 0.534
0.118 to 0.383 3,181 0.678 0.367 0.106 to 0.383 9,874 0.697 0.438
0.414 to 0.639 8,253 0.68 0.043 0.416 to 0.639 15,205 0.679 0.043
0.656 to 0.883 6,677 0.684 -0.024 0.656 to 0.883 22,544 0.701 0.008
Table A9: MIDs for hip replacement patients — impact on the patient sample
Subgroups En(i-::l) Unstratified % ac.hieving Stratified % ilchieving
change MID unstratified MID MID stratified MIDs
EQ5D 1 (-0.594 to -0.055) 0.760 0.185 92% 0.661 70%
EQ5D 2 (-0.05 to 0.109) 0.727 0.185 94% 0.610 74%
EQ5D 3 (0.118 to 0.383) 0.618 0.185 95% 0.525 75%
EQ5D 4 (0.414 to 0.639) 0.244 0.185 64% 0.114 74%
EQ5D 5 (0.656 to 0.883) 0.179 0.185 61% 0.045 78%
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Table A10: MIDs for knee replacement patients — impact on the patient sample

Subgroups

EQ5D 1 (-0.594 t0 0.03)
EQ5D 2 (0.05 to 0.213)

EQ5D 3 (0.219 to 0.433)
EQ5D 4 (0.452 to 0.639)
EQ5D 5 (0.656 to 0.883)

EQ-5D
n?e:n Unstratified
MID
change
0.614 0.114
0.612 0.114
0.451 0.114
0.143 0.114
0.125 0.114

% achieving
unstratified MID
88%

93%

92%

55%

48%

Stratified
MID
0.567
0.542
0.405
0.081
0.012

% achieving
stratified MIDs
69%

68%

63%

65%

73%

Table A11: Sensitivity analysis with half SD distribution-based method

MIDs - Hip replacement

MIDs - Knee replacement

Unstratified

Pre-operative EQ-5D
-0.594 to -0.055
-0.05 to 0.109

SD SD*0.5
0.339 0.170
0.323 0.162
0.255 0.128

SD
0.327

0.317
0.245

SD*0.5
0.163

0.158
0.123
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0.118t0 0.383 0.229 0.115 0.231 0.116
0.414 t0 0.639 0.207 0.103 0.219 0.109
0.656 to0 0.883 0.162 0.081 0.177 0.088
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4.1.1 Abstract
Background: A clinical dashboard is a data-driven clinical decision support tool

visualizing multiple key performance indicators in a single report while minimizing
time and effort for data gathering. Studies have shown that including patient-reported
outcome measures (PROMs) in clinical dashboards supports the clinician’s
understanding of how treatments impact patients’ health status, helps identifying
health-related quality of life changes at an early stage and strengthens patient-
physician communication.

Objective: We aim to determine design components for clinical dashboards
incorporating PROMs to inform software producers and users (i.e., physicians).
Methods: We conducted interviews with software producers and users to test pre-
selected design components. Further, the interviews allowed to derive additional
components that are not outlined in existing literature. Finally, we used inductive and
deductive coding to derive a guide on which design components need to be considered
when building a clinical dashboard incorporating PROMs.

Results: 25 design components were identified, of which 16 were already surfaced
during literature search. Nine additional components were derived inductively during
our interviews. The design components are clustered in generic dashboard, PROM-
related, adjacent information, and requirements for adoption components. Both
software producers and users agreed on the primary purpose of a clinical dashboard
incorporating PROMs to enhance patient communication in outpatient settings.
Dashboard benefits include enhanced data visualization and improve workflow
efficiency, while interoperability and data collection were named as adoption
challenges. Consistency in dashboard design components is preferred across different
episodes of care, with adaptations only for disease-specific PROMs.

Conclusion: Clinical dashboards have the potential to facilitate informed treatment
decisions if certain design components are followed. This study establishes a
comprehensive framework of design components to guide the development of
effective clinical dashboards incorporating PROMs in healthcare practice.
Keywords: clinical dashboards, design components, patient-reported outcome

measures (PROMs), patient-reported outcomes (PROs)
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4.1.2 Background
Technological advances have created a multitude of innovative prevention and

treatment options in medicine. Despite providing benefits to patients, this evolution
created settings of increasingly complex medical decision-making [1] and an
increased distancing of physicians from their patients [2]. The use of clinical
dashboards can support physicians to deal with various relevant sources of
information such as clinical parameters or patient-reported outcomes (PROs). A
clinical dashboard can serve as a data-driven clinical decision support tool if capable
of querying multiple data sources and visually representing key performance
indicators in a single frame. The added value of a dashboard comes from its ability to
provide a concise overview of key information along the treatment process [3].
Theoretically, visualizing data on clinical dashboards should decrease time spent on
data gathering, cognitive overload, and time to task completion, and should improve
situation awareness and compliance with evidence-based safety guidelines [4].
However, frustration of physician increases as systems are not running smoothly and

sometimes even hinder physicians in their daily work [5].

Incorporating the patient perspective into clinical dashboards via patient-reported
outcome measures (PROMs) offers considerable potential to enhance clinical
outcomes and patient’s health related quality of life (HRQoL) [6—9]. Furthermore, it
can result in a more patient-centered treatment approach and improved care processes
[10, 11]. PROMs assess, for instance, patients” HRQoL, functional impairments, and
disabilities. Additionally, PROMs can report the nature and severity of symptoms in
a standardized way [11, 12], independent from physicians’ or caregivers’
interpretation [13, 14]. The use of PROMs in clinical dashboards has, thus, been
shown to support physicians’ understanding of how a treatment impacts symptom

scores [11] and to help identify HRQoL deterioration at an early stage [12].

Research on the development of dashboards including PROMs has been conducted
for outpatient treatment of prostate cancer, overactive bladder, multiple sclerosis, and
various surgical procedures [12, 15—18]. Moreover, most of the existing literature has
focused on disease-specific PROMs [9, 11, 16, 19, 20]. Accordingly, the potential of
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incorporating a generic PROM, such as the EQ-5D, into a dashboard has not been
investigated yet. Incorporating a generic PROM enables comparability across diseases
and an overall assessment of the patient’s HRQoL. However, research shows that

physicians will only use clinical dashboards if they perceive an additional value [11].

Current literature focuses considerably more often on dashboards for chronic diseases
[11,12, 16, 17, 20-22] compared to dashboards on one-time acute care interventions
[18, 23]. Furthermore, the literature reveals the relevance of complementary data as
important design components of clinical dashboards incorporating PROMs.
Components such as patient information (such as demographic information, or most
recent health updates) [20, 24, 25] or clinical data (such as lab results and medication
data) [20, 24, 26, 27] are highlighted. Further, the inclusion of additional design
components such as past assessment scores (i.e., the visualization of PRO scores over
time) [9, 11, 27, 28], peer-group comparisons (i.e., analyze a patient’s PRO scores
with peer group) [17, 27, 29], PRO-related and overall health-related goals (i.e., goals
concerning PROs or overall health developed during patient-physician interaction)
[16, 27], alerts (i.e., in case of critical values) [9, 12], free-write in features (i.e.,
additional space for physician’s notetaking) [9, 28], and dashboard customizability
(i.e., degree of how far individual wishes of users may be respected) [16, 17, 24] are

promoted (for more information, please refer to Multimedia Appendix 1).

However, due to the literature’s inconsistency on design components for clinical
dashboards, we aim at developing a guide on which design components to consider
when building clinical dashboards incorporating PROMs. Therefore, we investigate
the following two research questions: (1) What are design components of clinical
dashboards incorporating generic and disease-specific PROMs? (2) Do the design
components for clinical dashboards incorporating PROMs differ for acute conditions

with a one-time intervention versus chronic conditions?

4.1.3 Methods
We conducted interviews with software producers and users, i.e., physicians, to

identify design components for user-friendly clinical dashboards to enhance quality
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of care [18]. By interviewing two stakeholder groups, we collected insights on two

key perspectives (software producers vs users).

The recruitment of the interviewees followed a consecutive process: First we recruited
in our own network, and then, through a snowballing technique, we were able to
contact software producers and users outside of our network. The conduction of
interviews ended once thematic saturation was reached, i.e., when no additional
information was gained from further interviews [30]. The interviews were semi-
structured, and findings from a previous literature search (see Multimedia Appendix
1) guided the development of the interview questionnaire. Initially, AYB developed
the interview guide, while IS, DK, and AG collaborated to refine it. To finalize the
questionnaire, a pilot interview was conducted with a key opinion leader in this subject
area. After the first five interviews, we iteratively tailored the interview structure to
align with the evolving interview dynamics, facilitating focused exploration of our
research priorities. This adaptive approach involved selecting pertinent questions
towards the gravitation points that seemed to emerge from our pre-established

question catalogue, thus augmenting the inductive explanatory insights.

All interviews were conducted by two authors (AYB and IS) to ensure that the same
content was covered. Both interviewers were female, had received training in
qualitative methods as part of their PhD studies, and had no prior relationship to any
of the interviewees. All interviews took place between 11/02/2022 and 05/15/2023.

Interviewees decided on the interview date and time.

Prior to each interview, three introductory slides were presented to all interviewees to
ensure a common understanding of clinical dashboards, outline the underlying
research questions, and clarify content-related questions. All interviews covered the
following main areas: 1) general questions on dashboards and PROM usage, 2)
questions about the market (penetration) (software producers only), 3) usage of the
dashboard, 4) dashboard development and data collection, 5) feature assessment, 6)

role of the patient (Multimedia Appendix 2).
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We conducted the one-to-one interviews online (via Zoom or Teams) in English or
German. During the interviews, both interviewers took notes. All interviews were
audio-recorded and transcribed verbatim to perform detailed data analysis. We sent
the transcripts back to the interviewees to receive approval and then anonymized all
participant details. For the analysis of the interviews, we applied thematic coding to
uncover potential patterns and themes within the data [31]. To identify relevant
information for the design components, first, deductive coding was used to cross-
validate the findings from the literature search. Second, inductive coding allowed us
to identify and classify information not covered by the literature search. AYB and CW
coded all interviews and conducted the analysis with Atlas.ti Windows (Version 22)
[32]. The study is reported in accordance with the Consolidated Criteria for Reporting
Qualitative Research (COREQ) 32-item checklist to ensure transparency and
reliability (Multimedia Appendix 3) [33].

This study was performed in line with the principles of the Declaration of Helsinki.
The Ethics Committee of the University of St. Gallen was informed about this research

and issued a letter of exemption.

4.1.4 Results
Step 1. Scoping Literature Review

In total, we conducted 16 interviews with six software producers (I1 to 16) and ten
users (I7 to 116) until thematic saturation was reached (male = 10, female = 6). All
software producer interviewees were from different companies and had different
positions. Eight out of ten user interviewees were department heads with different
specialties such as pneumology, oncology, pediatrics, or orthopedics. This allowed us
to analyze distinctive needs for design components in clinical dashboards. One of the
remaining user interviewees was a chief hospital innovation officer, and the other
interviewee was a member of hospital quality management. These specific
interviewees lacked a formal medical background. However, based on their
employment within a hospital setting, they routinely interacted closely with diverse

medical practitioners and thus, can be assumed to have a profound understanding of
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physicians’ needs for clinical dashboards. The software producer interviews lasted
between 29 and 45 minutes, whereas the user interviews had a duration of 20 to 36

minutes (Multimedia Appendix 4).

The interviews with software producers as well as users revealed that they perceived
a differentiation in design depending on disease (one-time acute vs. chronic condition)
as not essential. Therefore, we did not distinguish between design requirements of
different disease types but instead focused on the design principles for clinical

dashboards incorporating PROMs in general.
General information

To evaluate the importance of the key design components, we asked both interview
groups to outline the type of disease, the setting, the type of PROM used, and the
targeted key user for their clinical dashboard. Software producers mostly indicated
they prefer dashboards which are applicable to chronic and acute conditions similarly
(4/6) (Multimedia Appendix 5 contains the full set of codes). For users, we observed
that they preferred a dashboard for either a chronic or acute disease — which often
correlated with their professional focus. Both interview groups rated the outpatient
setting as the preferable area of application (8/16). Both interview groups mentioned
using a disease-specific PROM only (6/16) or combining generic and disease-specific
PROMs (9/16). However, none of the interviewees preferred to use a generic PROM
only — whereas I11 acknowledged that his team only uses generic PROMs for research
purposes. Furthermore, both interview groups favored physicians (13/16), followed
by other healthcare professionals (such as nurses or physiotherapists) (7/16) as key
users. The patient was also recognized as a potential user of clinical dashboards (8/16),
however, there were some discrepancies on how much and which content should be
displayed to patients. 113 also highlighted that clinical dashboards may be valuable
tools for relatives supporting patients in their daily activities to grasp the patient’s

health status better.

Data collection
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The most frequently mentioned use case for data collection was for micro perspectives
(i.e., patient-physician communication and intra-patient comparison) (12/16),
especially by users (8/10), followed by meso perspectives (i.e., comparison of patient
groups within departments or institutions) for both interview groups (5/16) (Table 1).
Furthermore, the most often mentioned purposes of reporting were “communication”

(14/16) and “better basis for decision-making (for physician)” (9/16) (Table 1).

For the point-in-time of data collection, there was a clear tendency (11/16) of
interviewees for patients to answer the questionnaires independently at home.
However, 12 mentioned that it is perceivable that the first-time data collection is
conducted in the waiting room because “/patients] get an explanation by a physician
or a nurse, but after that, they are on their own.” Also, interviewee 114 had a similar
perception for dealing with the data collection process. For the type of data collection,

a clear tendency towards online tools such as platforms or phone apps was indicated
(10/16).

Table 4.1: Overview of software producer and user responses on how data collection

should be implemented in the clinical dashboard

Data collection ‘

Level of reporting

Software producer User
1. Micro (4/6) 1. Micro (8/10)
2. Macro (2/6) 2. Meso (4/10)
3. Meso (1/6) 3. Macro (1/10)

Purpose of reporting

Software producer User
1. Improved communication (6/6) 1. Improved communication (8/10)
2. Better basis for physician’s 2. Better basis for physician’s
decision (4/6) decision (5/10)
3. Real-time tracking (2/6) | Shared 3. Shared decision-making (2/10)

decision-making (2/6)

Data collection

Software producer
1. Digital (5/6)

User
1. Digital (5/10)
2. Paper-based (4/10)




236 Patient-reported outcome measures

Time of data collection
Software producer User
1. Independent at home (4/6) 1. Independent at home (7/10)
2. Before the appointment (in the 2. Before the appointment (in the
waiting room) (2/6) waiting room) (6/10)

Legend: The table shows the ranking of design principles’ features according to the number of mentions
by software producers and users. Behind the features, the share of interviewees mentioning this design
principle’s feature is indicated. As the interviewees could provide more than one answer or no answer for
each design principle, shares can add up to more or less than 100%.

Dashboard components

Concerning the dashboard components, representatives of both interview groups
mentioned that some patient information (such as patient photograph, demographic
information or contact details of other care team members) need to be presented on
the dashboard (9/16). Interviewee 116 additionally emphasized that she expects the
patient information to include “key events. So, surgeries need to be shown. For
example, in cancer, the start of chemotherapy, completion of chemotherapy, started
radiation, that you can understand what is going on in the background of those

patients.”

Except for I1 and I5, all other software producers rated clinical data (e.g., lab results
or medication data) as meaningful information that must be included in the clinical
dashboard. In contrast, users tended rather not to overfill the clinical dashboard with
clinical data as this information might be available from another source, as I8
mentioned: “/...] and then if they [the physicians] want to have the clinical
information on the patient, they just open up the EMR [electronic medical record]

and check it, which is another tab in the Chrome app.”

The free write-in design component did not resonate well in either of the two groups.
Six interviewees replied that a free write-in space is not useful, whereas only two
interviewees perceived this design component as very beneficial. Nevertheless, when
having such a free write-in box included, users (3/10) wanted it as an additional source

of information for some specific variables.

Software producers and users rated the past assessment PRO score as one of the most

crucial design component in a clinical dashboard incorporating PROMs. From the
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software producer perspective, 16 mentioned: “This [past assessment PRO score] is
very well received, simply the score progression up and down visually, so to speak.”
19 had a similar perception: “This [past assessment PRO score] is absolutely relevant
because it is above all changes in these questionnaires that are significant. In any

s

case, it is very important to look at the progression, not just the individual value.’

Another well-perceived design component was the peer-group comparison. All
software producer interviewees (6/6) agreed on the inclusion of this feature. The users
(7/10) appreciated the inclusion, too. However, three users did not perceive an added
value in the peer-group comparison due to uncertainties in interpreting the applied
PRO (I9), the missing guidance on the relevant factors to compare different patient

groups (I12), or a clear reasoning on why peer group comparison is useful (I15).

Although only one user emphasized applying PRO-related goals, overall health-
related goals were discussed more controversially within both groups. Software
producer 14 reported that their dashboard includes a component where the physician
can develop overall health goals together with the patient and check goal achievement,
whereas 16 stated that this is not part of their dashboard. From the user perspective,
this design component could add value to the patient-physician communication, as the

goal statement makes the aim or expectations of the patients explicit (19, 116).

Concerning alerts, software producers and users have different perceptions on whether
alerts should be included in the dashboard. Software producers (5/6) mentioned that
an alert function needs to be included. Generally, producers were indifferent regarding
whether the alert is real-time (4/6) or only appears during the appointment (4/6). 14
mentioned, however, that liability for medical risks and errors is unclear when real-
time alerts are used: “if [a score is] three days red or is really critical and no push
notification is sent, the error is on our side. However, if a push notification is sent and
the doctor does not react, the error lies with the doctor. And that is a bit of a grey
area, where we still have to figure out how it's actually done.” In contrast, four users
preferred not to include alerts. I8 and 111 mentioned that this feature previously
existed in their dashboard, but the acceptance was not high enough in their teams,

which made them stop using it. Further, 112 raised the issue that additional
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interpretations for physicians are required to ensure that they completely understand
what the deterioration or improvement in a score means. 110 favored the alerts during
the appointment to highlight critical factors and to facilitate comparison over time.
113 and 116 preferred real-time alerts allowing the treating physician to react directly

to the patient’s issues.

Concerning the dashboard’s customizability, all interviewees agreed that some degree
of customizability is required to meet different user needs. Although most users
preferred customizability from a standard set (7/10) — software producers still seemed
undecided whether a clinical dashboard should be adapted to individual needs (2/6)
or “off the shelf” (3/6). Nevertheless, software producers (5/6) agreed that scalability
is only achievable in case clinical dashboards equipped with features defined in a

standard set are provided.
Findings from inductive coding

Whereas above-presented results were derived from deductive procedure, the
subsequent inductive procedure allowed us to identify additional aspects that were not
explicitly discussed in current literature. These aspects included on the one hand the
added value of clinical dashboards incorporating PROMs and visualization
possibilities of PROMs and on the other hand various barriers, reducing the uptake of
the clinical dashboard. Furthermore, the interviewees also discussed the patient’s

access to their data controversially.

Although the visualization of the PRO scores was not extensively discussed in the
literature, we asked our interviewees about their preferences. Only two out of six
software producers indicated that the index and dimensional scores are always
provided in their dashboards. The remaining software producers elaborated on the
visualization of their PRO scores. Contrarily, almost all users (9/10) mentioned their
preferences for the visualization: 4/10 users preferred to have index and dimensional
scores available, 3/10 users prioritized dimensional scores, whereas 2/10 users voted
for the visualization of index scores. For instance, I7 voted for the visualization of

dimensional scores by stating, “we must of course know the dimensionality and
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different aspects.” In contrast, I11 argued: “I like [index] scores better, as I said, but
because we have these individual questions like there are ten questions, and you can
have a summary score of it and the system plots every question on a trend. I think that
is rather messy because then you have like ten different color graphs just projected
over each other, and you can click them on, or off. So it's easy, but for me it's less

informative.”

Concerning added value provided by the clinical dashboard, software producers
emphasized the visualization of results (5/6), enhanced workflow efficiency (4/6),
improved data comparability (3/6), and higher patient satisfaction (3/6). Users
perceived the biggest advantages of a clinical dashboard in the visualization of results
(8/10), enhanced workflow efficiency (6/10), and improved data comparability (5/10).

Higher patient satisfaction (2/10) was not among the most often named advantages.

Potential barriers to implementing the full potential of clinical dashboards are
interoperability between various systems for both interview groups (12/16) and the
burdensome collection of data for users (6/10). Reasons for the burdensome collection
were various. For instance, 19 highlighted organizational issues by stating: “There is
one burden that falls more on the admin staff and the secretaries, which is to make
sure that the right patient is put on the right pathway with the right PROMs. So, you
need to pre-program all this. Then you must either have an automatic integration
saying this patient is going to see this because it needs to be personalized to the patient
pathway. So how do you make sure that the right patients get the right thing without
having an army of extra people? Further, 111 raised technical challenges in
collecting PROs by expressing: “We had a problem for a year now that we had these
computers in the waiting room and for some reason they were broken or disconnected.
It took us a very long time to get them because there were all these people taking
ownership of these silly computers.” Further, software producers mentioned legal
consequences in case of displaying inadequate information (4/6), and the licensing of
the PROM questionnaires (3/6) as potential barriers. Users rather perceived the lack
of good data (4/10), legal consequences (3/10), and the non-intuitive use (3/10) as

additional barriers.
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Except for two users (I7 and 114), all interviewees agreed that patients benefit from
the access to the information stored on the clinical dashboard. Nine of the interviewees
expect the patients to develop a better understanding and interpretation of their own
health status. Software producer 12 summarized their efforts as “what we are doing
now is that we have patient apps, and the patients can also see their own results in
their own app. They can also say to the caregiver: ‘hey, I see this or that’, and so we
involve the patients into it. I think it is important to make it patient-friendly also.”
Users highlighted similar scenarios as, for instance, mentioned by 18: “When reading
this data with PROMs, it's very clear. It's data that they have entered. If they see that
they're functioning or the ability to walk a block or go on a bus is going down, they
can relate to it and understand ‘Oh, actually I thought I was doing better than that’
or ‘I'm happy, actually I forgot that I couldn't and now I can.” This quote also
represents the statement of 114, whereas 115 additionally emphasized the positive
correlation between an enhanced understanding of one’s own health status and
increased treatment adherence. Especially the score visualization supports the
patient’s understanding of their own health status (6/16). Still, users (7/10)
acknowledged that more explanation on the meaning of the data is required to avoid
patient’s misinterpretation of the data. Furthermore, two users claimed that physicians
and patients need different level of aggregation of available data concerning depth of
analysis and interpretation complexity to avoid overwhelming patients. Finally, 16 and
I8 stated they would refuse to share clinical data with patients as clinical outcomes
might frighten patients or lead to misinterpretations — such as outlined by I8: “If you
look at in oncology or radio oncology to PSA levels, which are an indicator but not
an actual sign of cancer, you wouldn't want the patients to learn by themselves. ‘Okay,
my PSA level are up again, and I don't know what it means and what is going on.’
With this type of outcomes, you need to be very careful on how you get them across

[...] and this needs professional support.”
Findings from deductive and inductive coding

The derivation of deductive and inductive codes led to insights on how different

design components are related to each other (Figure 1). To build clinical dashboards
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incorporating PROMs, not only the selected PROMs on the dashboard are crucial, but
rather the complete construct of the clinical dashboard. Additionally, generic
dashboard components need to be respected as well. Furthermore, aspects such as
awareness of barriers, patients’ perspective and the potential of added value need to
be considered when reflecting on the adoption of clinical dashboards (Multimedia

Appendix 6 contains a full description of all topics).
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Figure 4.1: Framework summarizing the relationship between the individual 25 design principles and main concepts of clinical

dashboards incorporating PROMs
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4.1.5 Discussion

Principle results

The qualitative research approach allowed for a more profound understanding of the
design components for clinical dashboards incorporating generic and disease-specific
PROMs. Our developed framework (Figure 1) displays that we found 16 design
components based on a literature search and identified nine additional design
components through interviews with software producers and users. The interviews
revealed that both interview groups had a similar perception of the use case of a

clinical dashboard incorporating PROMs.

The use of a dashboard primarily strengthens the patient-physician communication in
outpatient settings. It should include a combination of disease-specific and generic
PROMs. Physicians and other healthcare professionals were the most frequently
mentioned key users. Additionally, preferences for visualizing PROs, whether as
index or dimensional scores, are subjective and dependent on individual inclinations.
According to software producers and users, dashboards provide benefits especially
through the visualization of data and the enhancement of workflow efficiency. Main
barriers for dashboard implementation were seen in the interoperability between

various systems and the collection of data.

Additionally, the interviews revealed that dashboard content should not vary across
diseases, except by an adaptation of the disease-specific PROM. This project showed
that not only design components directly displayed by the clinical dashboard
incorporating PROMs, but also other features, such as providing system support or

the definition of key users, are relevant topics for a successful implementation.
Comparison with prior work

Concerning the use of PROMs, studies show that it is common to use generic PROMs,
particularly the EQ-5D, to track the health status of patients. Notably, researchers see
the standardized format and content as a major benefit that facilitates its usability
across different diseases and patient groups [34]. Further, the multi-lingual

questionnaire allows large-scale analyses [35, 36]. Not only were disease-specific
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PROMs complementing generic PROMs, but their combined value seen as more
valuable than their sum as in the case of the EQ-5D and the COPD Assessment Test
(CAT) combination [37]. Interestingly, similar findings emerged from studies
developing PROM dashboards for various disease areas. Baeksted et al. [28] and
Hassett et al. [9] found it relevant to include the cancer-care-specific PRO-CTCAE in
their dashboards, and Nicolas-Boluda et al. [22] incorporated endometriosis-specific
indicators into their dashboard. We found that disease-specific PROM:s are preferred
over generic PROMs by the interviewees. Nevertheless, a combined use of both

PROMs was seen as beneficial, too.

An enhanced visualization of the patient’s PROs over time can facilitate the
moderation role of the physician [12, 19, 38] — in line with the growing demand for
shared decision-making. We found a similar outcome as the interviewees perceived
the purpose of a clinical dashboard incorporating PROMSs in the improved
communication between patient and physician. Furthermore, Desantis et al. [12]
found that using a clinical dashboard improves the workflow and communication of
changes in the HRQoL between the patient and physician. Following this argument,
interviewees emphasized that a clinical dashboard incorporating PROMs may also
serve as a basis for better informed decisions by physicians as various key information
points are displayed in one report. Therefore, additional information besides the PRO
data must be displayed to display a holistic picture of the patient’s general health
conditions. Patient information (such as sociodemographic information or most recent
health updates) and clinical data (such as lab results and medication lists) are required,
which was previously highlighted in the literature [20, 24, 25] and also rated as

essential by the interviewees in our study.

Furthermore, the interviewees promoted the design component “past assessment PRO
score” and ranked it as one of the most important ones. Changes in the patient’s health
status become apparent and traceable, and thus, enable the initiation of
countermeasures immediately. Similar reasons are also provided in the literature [9,
28]. Another well-perceived design component for analyzing PROs was the peer-

group comparison. Interviewees claimed that this design component facilitates
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understanding whether a patient’s health status is above or below the norm. Hartzler
et al. [17] highlighted that peer-group comparison should match patients in age and

treatment. Additionally, Ragouzeos et al. [27] advise indicating a “normal” range.

Design components where interviewees did not indicate a clear tendency were PRO-
related and overall health goals and the function of alerts. Cronin et al. [16] found that
patients want to set and evaluate goals over time, which could be supported by a
clinical dashboard. However, Liu et al. [26] warned that setting goals might further
pressure the patient. Furthermore, the challenge of including alerts is to decide on the

appropriate alert level [39] and avoiding “alert fatigue” of physicians [20].
Limitations

Our study has three limitations: First, the interviewees were mainly from Western
countries — especially Switzerland and Germany. A generalization of our results to
other countries should therefore be carefully assessed. Second, the user interviewees
were most often specialists, and we did not control for their years of experience. This
research can be seen as a starting point in building guidance on what needs to be
considered when developing clinical dashboards incorporating PROMs. Therefore,
we wanted to include a broad range of opinions and needs on critical design
components. Future research should consider various dashboard stakeholders from
different countries with varying years of professional experience to further evaluate
our proposed design components. Third, the design components were not built and
evaluated in a real-world setting but only discussed during the interviews. We aimed
to develop a theoretical framework of design components based on software
producers’ capabilities and users’ needs. Therefore, future research approaches can

build up on our findings to refine clinical dashboards and test them in clinical practice.

4.1.6 Conclusion
In our study, we identified 25 design components and consolidated them into a

framework of four main concepts. This framework strives to work as a guiding
approach where researchers and practitioners can orient themselves on components to

be included when building clinical dashboards incorporating PROMs. Design
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components such as peer-group comparison or alert thresholds require further
investigation in future research, as knowledge on determining appropriate peer groups
or setting alerts based on PRO thresholds needs to be improved. Additionally, future
research efforts may test the real-world applicability of the proposed design
components by either discussing them in focus groups or implementing them in a

dashboard in clinical practice.
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Appendix

Additional file 1: Overview of design components and categories of components which

laid the foundation for user and software producer interviews

General
information

Components

Categories of
components

Sources

Type of disease

Chronic; Acute

1-9

Setting

Inpatient;
Outpatient;
Combination

1,7,10-12

Type of PROM

Disease-specific;
Generic,
Combination

8,13-27

Key user

Physician; Other
health care
professionals (e.g.,
physiotherapist,
nurse, etc.); Patient;
Relatives

1,9,28

Data collection

Level of reporting

Micro (patient-
physician
communication and
intra-patient
comparison); Meso
(comparison of
patient groups
within departments
or institutions);
Macro (comparison
of patient groups
across departments
or institutions)

29

Purpose of
reporting

Shared decision-
making (for patient
and physician);
Better basis for
decision (for
physician);
Interpretation
support of data (for
physician)

30-32

Data collection

Digital; Paper-
based

6,7,29




Patient-reported outcome measures 253

Categories of

Components Sources ‘
components
Time of data Directly during 6,7
collection appointment;
Before the
appointment (in
waiting room);
Independent at
home
Dashboard
Patient information 1,33,34
Clinical data 1,33,35,36
Free write-in space 10,37
Past assessment 5,10,36,37
PRO score
Peer-group 2,36,38
comparison
PRO-related goals
Overall health- 3,36
related goals
Alerts Alerts should be 6,37
presented
immediately on the
dashboard during
the appointment if
there is a critical
value; Alerts should
be presented during
the appointment;
No alerts should be
included
Customizability The dashboard 3,9,33
components should
be tailored to
individual needs;
The dashboard
components can be
chosen from a
standardized set;
The components of
the clinical
dashboard are not
customizable

Legend: Based on a literature search, we developed a list of design components and potential categories
of components to be considered when building a clinical dashboard incorporating PROMs covering three
grouping areas:(1) general information, (2) data collection, and (3) dashboard components. Each grouping
area includes components and categories of components. For example, in the grouping area of “general
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information”, the component of “setting” means whether the dashboard is used in an in- or outpatient
setting or in a combination of both. Additionally, for the components of “patient information”, “clinical
data”, “free write-in space”, “past assessment PRO score”, “peer-group comparison”, “PRO-related
goals” and “overall health-related goals”, the considered literature did not further specify on categories
of components but only highlighted the importance of these components.
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Additional file 2. Semi-structured interview guide for software producer and user

interviews

1) General questions on dashboards and PROM usage

Software Producer

1. Please describe the dashboard you are
producing/designing.

2. In which countries or regions is your
dashboard available?

3. What is the major goal of your clinical
dashboard?

a. For what type of work (e.g.,
analyzing outcomes over time,
communicating with the patient,
comparing to other groups,
getting a better overview of all
data collected) is the clinical
dashboard designed for?

b.  What do you think is beneficial
about
dashboards?

using clinical

c.  Where do you see major barriers
in using clinical dashboards?

4. Do you incorporate PROMs in your
clinical dashboard? If yes, which ones

User

1. What is your motivation for using
clinical dashboards?

a. For what type of work (e.g.,
analyzing outcomes over time,
communicating with the patient,
comparing to other groups,
getting a better overview of all
data collected) do you use the
clinical dashboard?

b. What do you like about the
clinical dashboard you currently
use?

c. What don't you like about the
clinical dashboard you currently
use?

2. Do you use PROMs? If yes, which

ones (standardized sets vs.
creation)? If no, why not?

own

a. Do you use generic and disease-
specific PROMs, or just one of
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(standardized sets vs. own creation)?
If no, why not?

the have the
possibility to choose from a set
of available PROMs or is it pre-

defined by you?

a. Does user

b. Do you use generic and disease-
specific PROMs, or just one of
each? Why?

c.  Why do you think it is beneficial
to incorporate PROMs into
clinical dashboards?

d.  What
challenging when incorporating
PROMs into clinical
dashboards?

do you perceive as

each? Why?

b. Are PROMs already integrated
into the clinical dashboard?

c. What is your motivation for
using PROMs?

d. For what type of work (e.g.,
analyzing outcomes over time,
communicating to patients,
comparing to other groups) do
you use PROMs?

e. What do you like about using
PROMs?

f.  What don't you like about using
PROMs?

2) Questions about the market (penetration)

Software Producer

1. How many clients do already use the

clinical dashboards incorporating
PROMs to communicate with
patients?

2. How do you feel about the demand for
these dashboards?

3. What designs are requested?

4.  What is the general feedback from
customers on your solution? What do
they like - what don't they like?

5. Isthere a scientific basis for the design
of your dashboards? Are physicians
involved in the development process?

User

Not asked to users.

3) Usage of the dashboard

Software Producer

1. Inhow far does your product facilitate
the workflow of practitioners?

User

1. To what extent does using the clinical
dashboard make your day-to-day
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2.

3.

Who uses and has access to the
clinical dashboard?

a. Do you have a special area of
expertise, or can the dashboard
be used at any discipline?

b. Can it be used in an outpatient
and inpatient setting?

c. Can it only be used in one
department/hospital or is it
conceivable that it could also be
used, for example, by outpatient
care providers such as primary
care physicians in parallel?

What type of data is available in the
clinical dashboard?

a. Do youreceive regular feedback
from your wusers on how
valuable the included data is?

b. Do you provide support in using
the clinical dashboards?

c. Do your customers own or rent
the software of the clinical
dashboard?

Do you think different episodes of
care (e.g., orthopedics and COPD,
one-time intervention vs chronic
disease) require different dashboard
capabilities? Why?

work easier?

Who uses and has access to the
clinical dashboard?

a. Is it only for use in your
department/hospital or is it
conceivable that it could also be
used, for example, by outpatient
care providers such as primary
care physicians?

Is all the data you need in your clinical
practice included in the clinical
dashboard?

a.  What type of data is available in
the clinical dashboard?

b. In your opinion, is there a
principle missing that you
would find particularly
valuable?

c.  What addition did you notice
when using the clinical
dashboard for the first time?

d. Did you feel that using a clinical
dashboard was complicated and
could be made easier in the
future?

e. Do you find that using the
clinical dashboard for the first
time was intuitive?

i. Have you received any
support, or have you
familiarized yourself with
its use?

Do you think different episodes of
care (e.g., orthopedics and COPD)
require different dashboard
capabilities? Why?

4) Dashboard development and data collection
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Software Producer

1. How do you develop a dashboard for
a client? Do you have a basic product
that is customizable to different needs,
or do you develop it every time from
scratch according to the needs of your
client?

a. How would you describe your
working mode? Do you work
agile or in a waterfall structure?

b. How many iteration cycles do
you go through wuntil the
delivery of the final product?

2. How does the roll-out of a new
clinical dashboard work?

3. How does the data collection work?
(Where, when, how, who, ...)

a.  Where do you see difficulties in
data collection?

4.  Where is the data stored?

a. Do you have access to the data
collected by your customers?

5. Is the collected data also used for
other purposes than for the
improvement in the patient-physician
communication?

a. E.g., aggregation of data and

comparison between hospitals,
other research purposes, etc.

User
1.

Who provides the dashboard you use?
a. How was it developed?

b. Is it customizable to individual
needs?

How was the clinical dashboard
implemented in your organization?

How does the data collection work?
(Where, when, how, who, ...)

a.  Where are difficulties in the data
collection?

5)

Dashboard Component Assessment

Same questions for software producers and users

From the literature, we have extracted some design principles that could be included in
clinical dashboards - please provide your opinion on displaying these design principles and
whether you already incorporate these design principles in your clinical dashboard:

1. Past PROM assessments (including evolution over time).
a.  What kind of scores should the dashboard display?
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Values for

individual dimensions or index scores? Why?
Future PROM-related goals

Overall health-related goals

Benchmarking | peer-group comparison

wkh v

a. Ifyes, at what time should the alarm/warning appear?
6. Patient information (patient photo, demographic
information, recent health updates, and contact
information for other care team members)
7. Clinical data (laboratory results and drug data)

Alerts on symptom/symptom change warnings

a.  What medical data do you use?

8.  Free write-in area

9. In your opinion, is a design principle missing?

6) Role of the patient

Software Producer

1.  What is the role of the patient?

User

1. What is the role of the patient?

a. Does the patient also have a. Does the patient also have
access to the information on the access to the information on the
dashboard? dashboard?

b. Do you assist the patient in b. Should the patient be assisted in
interpreting the data? interpreting the information?

c. Do you think the patient’s needs c. To what extent 1is the
concerning the dashboard differ information different from that
whether he/she underwent a displayed to the health
one-time  intervention  or professional/physician?
whether he/she suffers from a
chronic disease?

d. To what extent is the
information different from that
displayed to the health
professional/physician?

End

Is there anything else you would like to add to conclude the interview?
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Additional file 3. Consolidated Criteria for Reporting Qualitative Research (COREQ)

No. Item Guide questions/description Reported on
Page #
Domain 1: Research
team and reflexivity
Personal
Characteristics
1. Which author/s conducted the interview Page 4
Interviewer/facilitator | or focus group?
2. Credentials What were the researcher’s credentials? Page 4
E.g. PhD, MD
3. Occupation What was their occupation at the time of Page 4
the study?
4. Gender Was the researcher male or female? Page 4
5. Experience and What experience or training did the Page 4
training researcher have?
Relationship with
participants
6. Relationship Was a relationship established prior to Page 4
established study commencement?
7. Participant What did the participants know about the | Page 4
knowledge of the researcher? e.g. personal goals, reasons
interviewer for doing the research
8. Interviewer What characteristics were reported about Page 4
characteristics the interviewer/facilitator? e.g. Bias,
assumptions, reasons and interests in the
research topic
Domain 2: study
design
Theoretical framework
9. Methodological What methodological orientation was Page 4

orientation and Theory

stated to underpin the study? e.g.
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grounded theory, discourse analysis,
ethnography, phenomenology, content
analysis

Participant selection

10. Sampling How were participants selected? e.g. Page 4
purposive, convenience, consecutive,
snowball
11. Method of How were participants approached? e.g. Page 4
approach face-to-face, telephone, mail, email
12. Sample size How many participants were in the study? | Page 5
13. Non-participation | How many people refused to participate n/a
or dropped out? Reasons?
Setting
14. Setting of data Where was the data collected? e.g. home, Page 4
collection clinic, workplace
15. Presence of non- Was anyone else present besides the No
participants participants and researchers?
16. Description of What are the important characteristics of Pages 4&b5,
sample the sample? e.g. demographic data, date Multimedia
Appendix 4
Data collection
17. Interview guide Were questions, prompts, guides provided | Page 4
by the authors? Was it pilot tested?
18. Repeat interviews Were repeat interviews carried out? If No
yes, how many?
19. Audio/visual Did the research use audio or visual Page 4
recording recording to collect the data?
20. Field notes Were field notes made during and/or after Page 4
the interview or focus group?
21. Duration What was the duration of the inter views Page 5,
or focus group? Multimedia

Appendix 4
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22. Data saturation Was data saturation discussed? Page 4
23. Transcripts Were transcripts returned to participants Page 4
returned for comment and/or correction?

Domain 3: analysis

and findings

Data analysis

24. Number of data How many data coders coded the data? Page 5

coders

25. Description of the

Did authors provide a description of the

Page 10 (Figure

coding tree coding tree? 1), Multimedia
Appendix 5
26. Derivation of Were themes identified in advance or Page 5
themes derived from the data?
27. Software What software, if applicable, was used to Page 5
manage the data?
28. Participant Did participants provide feedback on the | No
checking findings?
Reporting
29. Quotations Were participant quotations presented to Pages 7-10
presented illustrate the themes/findings? Was each
quotation identified? e.g. participant
number
30. Data and findings Was there consistency between the data Yes
consistent presented and the findings?
31. Clarity of major Were major themes clearly presented in Pages 7-10,
themes the findings? Multimedia
Appendix 5
32. Clarity of minor Is there a description of diverse cases or Pages 7-10,
themes discussion of minor themes? Multimedia

Appendix 5
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Additional file 4. Overview of software producer and user interviewee’s characteristics

Interview Software Function Country Interview
ID producer/ duration
User (gender)
I1  Software producer  Product Owner Netherlands 45 mins
(male)
12 Software producer  Product Delivery Netherlands 43 mins
(female) Manager
I3 Software producer  Digital strategy lead Switzerland 29 mins
(male)
14 Software producer CEO & founder Germany 36 mins
(male)
I5 Software producer  Director Smart Health ~ Germany 44 mins
(male) Academy & Patient
Reported Outcomes
16 Software producer  Chief Medical Officer =~ Germany 33 mins
(female)
17  User (male) Chief physician at Switzerland 29 mins
department of
orthopedics
I8  User (male) Chief hospital Switzerland 28 mins
innovation officer
19  User (male) Chief physician at Switzerland 30 mins
department of
pneumology
110  User (female) Member of hospital Switzerland 34 mins

quality management

I11  User (male) Chief physician at Netherlands 36 mins
department of
pediatrics and

rheumatology

112 User (male) Chief physician at Switzerland 35 mins
department of
pneumology

113 User (female) Chief physician at Switzerland 34 mins

department of
orthopedic surgery
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Interview Software Function Country Interview
ID producer/ duration

User (gender)

and
traumatology

114 User (female) Chief physician at Germany 21 mins
department of
orthopedics

115  User (male) Chief physician at Germany 20 mins
department of
pneumology

116  User (female) Chief physician at USA 24 mins
department of cancer
care
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Additional file 5. Output of thematic coding

Software Producer (SP) User (U) Interview guide
n I mn M4 I5 16 (17 I8 19 10 I11 M2 13 14 115 116 SpP U
Added value X X X X X X [ X X X X X X X X X 1.3a & 1.4¢ 1.1a & 1.2d
- comparability X X X X X X X X
- efficiency X X X X | X X X X X X
- improvements X [ X X X
- patient satisfaction X X X X X
- visualisation X X X X X [X X X X X X X X
Alert X X X X X X X X X X X X X X 5.5 5.5
- during appointment X X X X X X X
- no X X X X
- real time X X X X X X
Awareness on barriers X X X X X X [ X X X X X X X X X X 1.1c & 1.3¢ 1.1c & 1.2f
- burdensome collection of X X X X X X X
PROs
- interoperability X X X XX X X X X X X X
- lack of good data X X X X
- lack of motivation of users X X X
- legal consequences X X X X X X X
- licensing of questionnaires X X X
- not intuitive to use X X X
- various interests X X
Clinical data X X X X X X X X X X X X X 5.7 5.7
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Software Producer (SP) User (U) Interview guide
ImninB3 K4 15 I6 |17 I8 19 110 111 112 113 114 115 116 SP U
- clinical data very useful X X X X X X X X
- not included X X X X X
Customizability X X X X |[X X X X X X X X X 4.1 4.1b
- from a standard set X X X |X X X X X X X
- to individual needs X X X X
Iterative dashboard X X X X X X X X X 4.1b 4.1a
development
Data storage X X X X 4.4 4.3
- At producer X X
- Cloud X X
- in clinic X X
Different needs btw diseases X X X X X X X 34 34
- no X X X X X X
- yes X
- different needs in various X
countries
Data collection: How X X X X X (X X X X X X X X 4.3 4.3
- digital X X X X X |X X X X X
- paper-based X X X X
Data collection: Where X X X X X (X X X X X X X X 4.3 4.3
- in waiting room X X [ X X X X X X X
- _independent at home X X X X X X X X X X
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Software Producer (SP) User (U) Interview guide
ImninB3 K4 15 I6 |17 I8 19 110 111 112 113 114 115 116 SP U
Free write-in area X X X X X X X X X X X X X 5.8 5.8
- not useful X X X X X X
- neutral X
- rather useful
- very useful X X
- yes, but specific question X X X X X
Key user X X X X X X [X X X X X X X X 3.2 3.2
- physician X X X X |X X X X X
- other health care professionals | X X X X |X X X
- patient X X X X X X X X
- relatives X
Level of reporting X X X X X [X X X X X X X X 13 & 4.5a 1.1a
- macro X X X
- meso X X X X X
- _micro X X X X |X X X X X X X X
Overall health related goals X X X X X X X X X X X X X 53 5.3
- less useful X
- neutral X X
- not included X X X X X X
- rather useful
- very useful X X X X
Past assessment score X X X X [X X X X X X X X X X 5.1 5.1




Patient-reported outcome measures 271

Software Producer (SP) User (U) Interview guide
n 2 I3 14 I5 16 (17 I8 19 110 I11 112 113 114 115 116 Sp U

- very useful X X X X X X X X X X X X X
- not useful X
Patient information X X X X X X X X X X X X X 5.6 5.6
- no X X X X
- yes X X X X X X X X X
Patient perspective X X X X X [X X X X X X X X X X 6.1a-d 6.2a-c
- all PRO results shown X X X
- better interpretation of own X X X X X X X X X

health status
- clinical data not to be shown X X
- different processing of data X X

for physician and patient
- more explanation on the X X X X X X X

meaning of the data
- no X X
- no additional help for PROM X X X

fill-out
- visualisation of scores X X X X X X
Payment model X X X X (X 3.3¢ (not explicitly

covered in the
interview guide)

- add-on to product (for free) X X
- license X X X |X
Peer-group X X X X X X | X X X X X X X X X X 5.4 5.4
comparison
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Software Producer (SP) User (U) Interview guide
ImI2 13 14 15 16 |17 18 19 110 I11 112 113 114 115 116 SP U
- no X X X
- yes X X X X X X [X X X X X
- yes, but currently not possible X X
PRO-related goals X X X X X X X X X X X 5.2 5.2
- neutral X
- not included X X X X X X X X
- rather useful X
- very useful X
Purpose of reporting X X X X X X [X X X X X X X X 1.3 1.1
- better basis for physician's X X X X X X X X X
decision
- improved communication X X X X X X |X X X X X X X X
- real-time tracking X X
- shared decision-making X X | X X
Roll-out X X [ X X X X 4.2 4.2
- step by step (in different X X | X X X
clinics)
- top down X X
Scores X X | X X X X X X X X X 5.1a 5.1a
- both X X X X X X
- dimensional X X X
- index X X
Setting X X X X X X X X X X X X X 3.2b 3.1&2a
- combination X X X X
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Software Producer (SP) User (U) Interview guide
n 2 I3 14 I5 16 (17 I8 19 110 I11 112 113 114 115 116 Sp U

- inpatient X

- outpatient X X X X X X X X

System support: IT X X X X X X X X 3.3b 3.3d & 3.3¢

- in-house at corresponding X

institution

- introduction X X X X X

- no X X

System support: PROM X X X X X 3.3b 3.3d & 3.3¢

- interpretation of PRO scores X X X X X

Type of disease X X X X X X X X X X X X X 1.1 1.1
(Derived from
specialization)

- chronic X X X X X

- both X X X X X X

- _one-time intervention X X

Type of PRO X X X X X X [ X X X X X X X X X 1.4b 1.2a

- combination X X X X [X X X X X

- disease-specific X X X X X X

- generic - only for research X

Legend: SP = Software producer, U = User, btw = between
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The last column referring to the interview guide (for more information, please see Supplementary Appendix 2) indicates which question corresponds to the thematic
coding output. Exemplarily, for “type of PRO” questions 1.4b in the software producer guide and 1.2a in the user guide are applicable. This means that the question
is allocated to “1) General questions on dashboards and PROM usage” and refers to the specific question 2 respectively 4 in the corresponding software producer
and user guide. Section 5 of the interview guide assessed the different dashboard components. Therefore, in this coding output, we display the assessment
categorically of how valuable the interviewees rate the individual components. This categorization applies to the following components: past assessment score,
PROM-related goals, overall health-related goals, peer-group comparison, patient information, clinical data, and free write-in area.
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Additional file 6. Explanation of topics
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The list of 25 design principles indicates what needs to be considered when developing a
clinical dashboard incorporating PROMs. This appendix provides a guiding question and a
non-conclusive list of potential features for each design principle.

Technical setting:
- System support: IT*: How does the software producer support the system use?

o E.g., in-house support by the corresponding institution, introduction to the
system use, workshop and webinars, or no support

- Customizability: What degree should customizability be possible/allowed?

o E.g., customizability to individual needs, customizability from a standard
set, or no customizability

- Roll-out*: How should the roll-out of the clinical dashboard be conducted?
o E.g., step-by-step or top-down
- Data storage*: Where should the data be stored?

o E.g., at software producer, in a cloud solution, in the corresponding
institution (i.e., clinic)

- Data collection: Where: When/Where should the collection take place?

o E.g., directly during the appointment, before the appointment in the
waiting room, or independent at home
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- Data collection: How: How should the data collection take place?
o E.g., digital or paper-based
Non-technical setting:
- Setting: In which setting is the clinical dashboard used?
o E.g., inpatient, outpatient, or combination
- Key user: Who is the key user of the clinical dashboard?

o E.g., all kind of physicians, other health care professionals (such as nurses
or physiotherapists), patients, relatives, or third parties (such as hospital
quality manager)

- Level of reporting: What is the preferred/chosen level of reporting?

o E.g., micro (patient-physician communication and intra-patient
comparison), meso (comparison of patient groups within departments or
institutions), or macro (comparison of patient groups across departments
or institutions)

- Purpose of reporting: For which activity is the data collected? What does the
clinical dashboard serve for?

o E.g., shared decision-making, better basis for decision, improved
communication, or real-time tracking

- Payment model*: How does the payment model of the clinical dashboard look
like?

o E.g., add-on to another product (i.e., for free) or license
PROM-related components:
- Type of PROM: What kind of PROMs are used in the clinical dashboard?

o E.g., disease-specific (such as CAT, WOMAC, HOOS, KOOS, etc.),
generic (such as EQ-5D, PROMIS, WHO-5, etc.), or combination

- System support: PROM?*: Does the software producer provide any support in
analyzing or interpreting the PROM data?

- Illustration of scores*: How are the PRO scores visualized?

o E.g., index, dimensions, or both
- PRO-related goals: Are PRO-related goals included in the dashboard?
- Peer-group comparison: Is a peer-group comparison possible?

- Past assessment PRO score: Can the evolution of the PRO scores be tracked over
time?

- Alerts: Should alerts be incorporated in/displayed by the clinical dashboard?
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o E.g., immediately when critical values appears, during appointment, or no
alerts

Adjacent information components:

- Clinical data: Is clinical data such as lab results or medication information
included in the dashboard?

- Overall health-related goals: Are overall health related goals included in the
dashboard?

- Free write-in space: Is it possible to note additional information?
o E.g., yes, only to specific questions/items, or not possible

- Patient information: Is patient information such patient photograph, demographic
information, or recent health updates included in the dashboard?

Requirements for adoption:

- Awareness on barriers*: What potential barriers might hinder the adoption of
clinical dashboards?

o E.g., burdensome collection of PROs, interoperability, lack of good data,
lack of motivation of users, legal consequences, licensing of
questionnaires, dashboard not intuitive to use, various interest of different
stakeholders

- Patient perspective*: What data should be provided to the patient?

o E.g., all PRO results shown, better interpretation of own health status,
clinical data not to be shown, different processing of data for physician
and patient, more explanation on the meaning of the data, no additional
help for PROM fill-out, visualization of scores, no data to be provided

- Added value*: What value can the use of a clinical dashboard incorporating
PROMs add?

o E.g., comparability between PRO scores, efficiency in workflow,
improvements for physicians performance (personal learning), enhanced
patient satisfaction, visualization of data

*all marked topics are derived by inductive coding, i.e., are interview-based.
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5 Factors influencing health literacy

5.1 The power of knowledge: A survey on COPD patients’
health literacy in Switzerland

Anja Bischof

Published as a Working Paper in Schriftenreihe in Health Economics, Management
and Policy
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5.1.1 Abstract
Background: Health literacy (HL) is one of the major levers to increase the self-

management capabilities of patients suffering from Chronic Obstructive Pulmonary
Disease (COPD). However, HL is often insufficient in individuals suffering from
COPD. Therefore, this study investigates which factors are associated with HL and
whether patients with varying HL states desire different support in digital health
interventions to better manage COPD-specific symptoms.

Methods: In total, 203 participants completed a web-based survey that collected
information on patient’s health-related quality of life (HRQoL), possible impairments,
and areas of improvement in their daily lives. The HLS-EU-Q16 was applied to assess
HL. A chi-square test and an analysis of variances were per-formed to compare
variable characteristics across COPD patients with different HL. An ordinal logistic
regression was used to identify variables significantly associated with HL. Based on
the survey’s responses, the patients’ desire for daily support were identified.
Results: Of the 203 participants, 53.2% demonstrated sufficient HL, 27.6% indicated
problematic HL, and 19.2% displayed inadequate HL. Significant differences in the
requirement of support in daily life (¥2>=0.032), length of diagnosis (¥*>=0.015), and
confidence in medication intake (¥3<0.001) are observable. Furthermore, significant
differences in age (p<0.001), EQ-5D-5L (p<0.001), EQ-VAS (p<0.001), and CAT
(p=0.004) were observable. The ordinal logistic regression revealed age and the EQ-
5D-5L as significantly associated with HL. COPD patients expressed consistent
preferences for support in digital health interventions, irrespective of their HL status.
Conclusion: The study reveals that age and HRQoL, represented by the EQ-5D-5L,
are significantly associated with HL. Approaches to improving HRQoL might be
considered to strengthen HL. Additionally, the study identifies desired support
mechanisms for COPD patients when developing digital health interventions for this
patient group. Future research could explore the interplay between HRQoL, HL, and
self-management and the potential of digital health intervention in this interplay.
Keywords: Chronic Obstructive Pulmonary Disease (COPD), Switzerland, Health-
related quality of life (HRQoL), Health literacy
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5.1.2 Background
Chronic Obstructive Pulmonary Disease (COPD) is the third leading cause of death

worldwide in 2019 [1]. In Switzerland, around 400,000 patients suffer from the
chronic lung disease [2], which is approximately 5% of the total population. In former
times, male patients were more prone to suffer from COPD. However, the prevalence
in women has increased and equaled the level of men in 2008 [3]. Typical symptoms
are shortness of breath, cough, and sputum [4]. COPD causes an enormous economic
burden of CHF 603-847 million in direct costs and CHF 932 million in indirect costs
annually in Switzerland [5]. Individuals with a low socioeconomic status are
especially prone to the dis-ease [6]. Due to the chronic nature of the disease, patients
suffering from COPD must know how to deal with the disease during their daily lives.
This ability is known as self-management, which relates to “an individual’s ability to
detect and manage symptoms, treatment, physical and psychosocial consequences,
and lifestyle changes inherent in living with a chronic condition” [7]. Furthermore,
patient-physician communication is important to foster a basic understanding of the
disease, however physicians alone cannot mitigate the problem of non-compliance to

treatment due to low self-management capabilities [8].

In the case of COPD, self-management comprises regular physical activity,
medication adherence, and smoking cessation [4]. The main aim of self-management
is improving or maintaining physical health, decreasing symptom impact and
impairments, increasing well-being from an emotional, social, and psychological
perspective, and creating effective ties with family, practitioners, and community [9].
One major driver of improved self-management capabilities is health literacy (HL)
[10].

HL encompasses the extent of one’s capability to find, understand, and effectively use
health information and health services while promoting health and preventing disease
[11]. HL is assessed by various internationally validated self-assessment instruments
such as the Health Literacy Questionnaire (HLQ) [12], the European Health Literacy
Survey Questionnaire (HLS-EU-Q) [13], or the Single Item Literacy Screener (SILS)
[14]. HL is especially low among COPD patients [15]. Low HL is associated with



Health literacy 281

worse health outcomes in COPD [16], low medication adherence [8], and limited self-

management capabilities [15].

However, supporting patients to navigate through the health care system and
misunderstanding information are structural problems in the patient-physician
communication. Physicians and nurses often overestimate patients’ HL skills by
assuming that the patients can process complex instructions [17—19]. This problem
worsens as patients also tend to overestimate their HL [20]. In addition to verbal
communication, written disease-related education material remains inaccessible to
patients with low HL due to excessively high reading prerequisites or insufficient
quality [21, 22]. Furthermore, the literature highlights that patients usually have
limited knowledge about their disease [23, 24], directly related to insufficient disease
management. To tackle the challenge of patients’ limited health knowledge, self-
management resources such as virtual chatrooms are established to strengthen
conversations between COPD patients and various stakeholders [25], or information

material in facilitated language is provided, such as in Germany [26].

To support COPD patients better in their daily dealing with the disease and the
corresponding symptoms, digital health interventions (DHI) are a potential approach.
DHIs cover mHealth [27, 28], telemonitoring [29], and telemedicine. This allows
providers to remotely assess the patient’s health status and adapt treatments to
individual needs [30, 31]. Furthermore, the patients can access health information
themselves and independently monitor their personal condition [27]. Puente-Maestu
et al. [32] argue that HL needs to be considered when planning the care of COPD
patients — especially when taking a patient-centered approach. Nevertheless, most
interventions do not measure HL as an outcome [10]. The principal aim of the DHIs
must be to avoid COPD exacerbations (i.e., acute worsening of COPD) leading to

hospitalizations and increased mortality [33].

Facilitators for DHI adoption are improved disease understanding and management
[34]. Additionally, scalability of interventions is needed to allow DHIs to be cost-
effective [33]. Therefore, it becomes crucial to understand better the specific needs of

support raised by patients suffering from COPD. As HL highly influences self-
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management capabilities [35], the intervention’s requirements must be distinguished
between different HL states. Being aware of different needs between HL states allows
for developing more suitable interventions and enhances scalability across patients
with different HL states.

Thus, I investigate the following questions in this paper:
- Which factors are associated with higher health literacy?

- What types of support do patients with varying health literacy states desire
in digital health interventions to better deal with COPD?

This paper analyzes where differences in HL exist and investigates which factors
influence HL. Furthermore, it provides insights on whether patients suffering from
COPD desire different types of support to manage their daily lives actively.
Understanding this will be a crucial part of building DHIs in the future. This is the
first study investigating the need to support COPD patients by directly collecting

responses from a tailored survey distributed in Switzerland.

5.1.3 Methods

Survey design

We designed an online survey using Unipark [36], an online survey software for
research conducted at universities and other educational institutions. The survey was
developed based on current literature and in collaboration with a chief pulmonologist
and a digital health expert. The questionnaire contained different sections dealing with
patient’s health-related quality of life (HRQoL), possible impairments, and areas of
improvement in their daily lives and was structured into five sections: general
information, disease-specific questions, need for support, HRQoL, and dealing with
COPD. In the questionnaire, we used internationally validated instruments for
measuring patients’ HRQoL (EQ-5D-5L and EQ-VAS questionnaires) [37-39],
patients’ disease-specific condition (COPD Assessment Test questionnaire) [39—41],
and patients’ HL (HLS-EU-Q16) [32, 42] (the survey questions are provided in

Supplementary Material 1). The chosen HL questionnaire is the short-form version of
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the HLS-EU-Q. The instrument collects information on four main HL dimensions:
access, understandability, evaluation, and use of health information in the areas of

disease prevention and health promotion [13].

The survey was available in German, French, and Italian. Native speakers translated
the German version into French and Italian. Furthermore, eight participants checked
the survey for understandability and practicability before the collection period. These

eight participants were not included in the final sample.

The data was stored on password-protected computers. The order of questions was the
same for all respondents. The survey, furthermore, included adaptive items, for
example, for smoking and further comorbidities, which were only presented if the
participant answered previous questions accordingly. At the bottom of every page, the
participant could click a “back” button to adjust responses on previous pages if
needed. The survey was designed and reported following the Checklist for Reporting
Results of Internet E-Surveys [43].

Ethical approval and informed consent

This survey was submitted to the Ethics Committee Eastern Switzerland and
determined to be exempt according to Art 2 (2¢) on the Swiss Human Research Act
on March 24, 2022. All participants completed the survey voluntarily. The front page
stated that the participant’s data would be used anonymously, explained the research
purpose, and listed host organization details. Before starting the survey, the
participants had to agree on having understood the information on the front page,

which served as electronic consent. We only collected and stored data anonymously.
Participants

All patients suffering from COPD and living in Switzerland were eligible for
participation in the survey. One question dealt with the participant’s disease, and the

answers were excluded if the participant did not suffer from COPD.
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Recruitment

We applied an open survey design and therefore allowed for a convenience sample.
The survey was advertised on Facebook in German, French, and Italian (see
Supplementary Material 2). A particular challenge of the recruitment was the
anonymous collection of the responses. To further promote the recruitment, the
following care providers and organizations were contacted and asked to distribute
flyers (see Supplementary Material 3): general practitioners, pulmonologists,
pulmonology departments in hospitals, pharmacies, COPD support groups,
rehabilitation centers, cantonal lung leagues, and physician networks. However,

potential participants were never contacted directly.
Administration

A link to the survey was provided in the Facebook ad, and a QR code on the flyers
directed the participants directly to the survey’s landing page. The survey was not
administered via email. Participants responded voluntarily, and a lottery with three
Swiss holiday (Reka) vouchers for CHF 100 was offered. In addition, participants
could reach out to the survey hosts via email to be informed about the study results.
The response collection period was from July 1, 2022, to July 31, 2023. The
questionnaire consisted of 66 questions distributed over six survey pages. From the
server side, all questions were marked as mandatory, and the participant could not
reach the next survey page if not all questions were answered on the previous page.
IP addresses were not visible for the survey hosts. However, the survey platform
Unipark stored IP addresses to deny access to participants if they had already

previously filled out the survey.
Response rates

Unipark, the chosen survey collection platform, measured the number of visitors and
participants directly. The survey view rate was 11.5% (1,228/10,635), the
participation rate was 45.5% (559/1,228), and the completion rate for the overall
survey was 41.1% (230/559). In total, 203 survey participants were included in the

sample (see Figure 5.1).
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Figure 5.1: Survey response rates

View rate: Unique survey visitors / Unique site visitors
11.5% (1,228/10,635)

|

Participation rate: Unique visitors who agreed to participate / Unique survey visitors
45.5% (559/1,228)

|

Completion rate: Number of participants who finished the survey / Unique visitors who agreed to

participate
41.1% (230/559)

|

Availability of complete datasets: Number of participants with complete datasets / Number of participants

who finished the survey
88.2% (203/230)

Statistical analysis

To calculate HL for the individual respondents, the thresholds were chosen according
to Rothlin et al. [44]. Thereby, three states of HL are possible: “sufficient” (scores 13-
16), “inadequate” (scores 9-12), and “problematic” (scores 1-8). First, to characterize
the study population, mean values and standard deviations (95% confidence intervals)
for continuous variables, and frequencies and percentages for categorical variables are
provided. Second, to analyze differences in the patients’ characteristics of participants
between HL states, a chi-square test of homogeneity was used for categorical
variables, whereas an analysis of variance (ANOVA) was performed to compare the
central tendencies of continuous variables. Third, a cumulative odds ordinal logistic
regression with proportional odds was applied. As potential confounders, only
variables with a p<0.05 in the chi-square test and the ANOVA were included in the
regression. The regression was performed to identify significantly associated
variables with HL. All analyses were conducted with IBM-SPSS version 28 [45].
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To analyze whether differences in the desire for daily support for dealing with COPD-
specific challenges depend on HL states, three areas were inquired: 1) difficulties with
COPD, 2) desire type of support, and 3) support with COPD-specific symptoms (see
Supplementary Material 1, Questions 27, 28, and 35). The participants had the
possibility to choose more than one answer for each question. Subsequently the

frequency of the responses was counted to establish a ranking.

5.1.4 Results

Descriptives

Of the 203 participants, 108 showed sufficient HL, 56 indicated problematic HL, and
39 displayed inadequate HL (see Table 5.1). Following this, only 53.2% of all
participants have a satisfactory HL state. Concerning gender distribution, 128 female,
73 male, and two diverse participants were included. Most of the participants (52.2%)
indicated that a professional training is their highest degree of education, followed by
compulsory school (17.7%) and higher education (16.7%). 55.7% of the participants
indicated a COPD status B, while 32.5% indicated a D-status. Around 28% of the
participants claimed they depend on daily support.

38.4% of the participants expressed that they are still smoking despite being diagnosed
with COPD, whereas more than half quit smoking. 47.3% of the participants have
suffered from COPD for more than five years, and 35% have already been hospitalized
due to a COPD exacerbation. While 84.2% of the participants must take medication
to cope with COPD-specific symptoms, 22.6% feel insecure about correctly taking
the medication. For treatment and further information on COPD, the primary contact
person is the specialist or pulmonologist in 52.7% of all cases. 10.3% of participants
indicated that they regularly exchange with other COPD patients, and 11.8%
participated in a program designed to learn more about COPD and how to deal with
it in daily life (called “Living better with COPD”). More than one fourth have already
been to outpatient pulmonary rehabilitation, and 57.1% are yearly vaccinated against
the flu.
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Furthermore, the average participant was 64.9 years old and had a BMI of 26.7 — thus
being slightly overweight. 31 participants expressed that they suffer from
comorbidities. On average, these participants suffered from 2.68 comorbidities.
Regarding self-perceived health status, the EQ-index score showed an average of
0.724. In contrast, the EQ-VAS displayed an average of 61.26. For the disease-
specific PRO — measured by CAT — the mean was at 18.88, indicating a medium
impact level of the disease on the quality of life. The mean time participants spent
filling out the survey was 21 minutes 4 seconds, while the median was 19 minutes 38

seconds. All responses with a time stamp below 12 minutes were excluded.

Table 5.1: Descriptives of the survey participants

Variable Variable characteristics Number (%)
Health Literacy Sufficient 108 532
Inadequate 56 27.6
Problematic 39 19.2
Gender Male 73 36.0
Female 128 63.1
Diverse 2 1.0
Education No school 5 2.5
Compulsory school 36 17.7
Professional training 106 52.2
Matura 8 3.9
Higher education 34 16.7
University degree 14 6.9
COPD status A 19 9.4
B 113 557
C 5 2.5
D 66 32.5
Support in daily life Yes 57 28.1
No 146 71.9
Smoking Yes, daily 61 30.0
Yes, sometimes 17 8.4
No longer 104 51.2
Never 21 10.3
Length of diagnosis Less than 1 year 33 16.3
1 to less than 3 years 33 16.3
3 to less than 5 years 41 20.2
5 to less than 7 years 45 222
7 to less than 10 years 23 11.3
Over 10 years 28 13.8
Hospitalized exacerbation Yes 71 35.0
No 132 65.0
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Taking COPD-specific Yes 171 84.2
medication No 32 15.8
Feeling secure in medication Very insecure 24 11.8
intake Insecure 22 10.8

Neutral 37 18.2

Secure 43 212

Very secure 76 37.4

I do not take medication 1 0.5

Primary contact person GP 77 37.9
Specialist/Pulmonologist 107 52.7

Hospital 11 54

Other 8 3.9

Exchange with other patients  Yes 21 10.3
No 182 89.7

Participation at “Living Yes 24 11.8
better with COPD” No 179 88.2
Participation at outpatient Yes 55 27.1
pulmonary rehabilitation No 148 72.9
Yearly vaccination against Yes 116 57.1
the flu No 87 429

Mean SD
Age 64.93 10.02
BMI 26.71 6.63
Number of comorbidities* 2.68 1.54
EQ-5D-5L 0.724 0.233
EQ-VAS 61.26 22.38
CAT 18.88 7.67

Legend: SD = Standard deviation; BMI = Body Mass Index; CAT = COPD Assessment Test

*only 31 participants indicated that they were suffering from comorbidities — therefore, mean and standard
deviation were calculated for these 31 participants

Differences in distribution of variables’ characteristics regarding health literacy

I grouped the participants according to their HL into sufficient, inadequate, and
problematic and com-pared the distribution of variables’ characteristics across the
groups and whether these distributions were significantly different. Significant
differences in the requirement of support in daily life (3*>=0.032), length of diagnosis
(%*=0.015), and confidence in medication intake (¥><0.001) were observable (see
Table 5.2). In support in daily life, participants with problematic (38.5%) and
inadequate HL (35.7%) indicated that they receive significantly more often help
compared to participants with sufficient HL (20.4%). Additionally, participants who
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are longer than five years diagnosed with COPD had significantly more often
sufficient HL (54.6%) compared to people who were diagnosed for fewer years
(inadequate: 39.3%; problematic: 37.7%). Lastly, a significant difference in the
distribution was observable for feeling secure in medication intake. Participants with
sufficient HL (66.6%) indicated feeling confident in medication intake compared to
participants with inadequate (48.2%) and problematic HL (51.3%). No significant
difference in the distribution of variables’ characteristics was observable for any other

categorical variable.
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Table 5.2: Differences in variables’ characteristics regarding health literacy
Sufficient (n=108) Inadequate (n=56) Problematic (n=39) Chi-
Number (%) Number (%) Number (%) square
Gender Male 36 333 21 37.5 16 41.0
Female 70 64.8 35 62.5 23 59.0 | 0.665
Diverse 2 1.9 0 0.0 0 0.0
Education No school 1 0.9 1 1.8 3 7.7
Compulsory school 19 17.6 8 14.3 9 23.1
Professional training 54 50.0 33 58.9 19 48.7 0278
Matura 5 4.6 2 3.6 1 2.6 ’
Higher education 18 16.7 9 16.1 7 17.9
University degree 11 10.2 3 5.4 0 0.0
COPD status A 13 12.0 4 7.1 2 5.1
B 56 51.9 34 60.7 23 59.0 0316
C 5 4.6 0 0.0 0 0.0
D 34 31.5 18 32.1 14 359
Support in Yes 22 20.4 20 35.7 15 38.5 0.032
daily life No 86 79.6 36 64.3 24 61.5 )
Smoking Yes, daily 28 259 14 25.0 19 48.7
Yes, sometimes 12 11.1 2 3.6 3 7.7 0.059
No longer 56 51.9 35 62.5 13 333 ’
Never 12 11.1 5 8.9 4 10.3
Length of Less than 1 year 17 15.7 10 17.9 6 15.4
diagnosis 1 to less than 3 years 16 14.8 5 8.9 12 30.8
3 to less than 5 years 16 14.8 19 33.9 6 154 0015
5 to less than 7 years 23 21.3 12 214 10 25.6 ’
7 to less than 10 years 17 15.7 3 5.4 3 7.7
Over 10 years 19 17.6 7 12.5 2 5.1
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Hospitalized Yes 39 36.1 18 32.1 14 359 0.872
exacerbation No 69 63.9 38 67.9 25 64.1 )
Taking Yes 92 85.2 49 87.5 30 76.9 0351
medication No 16 14.8 7 12.5 9 23.1 )
Feeling secure  Very insecure 14 13.0 3 54 7 17.9
in medication Insecure 9 8.3 11 19.6 2 5.1
intake Neutral 13 12.0 14 25.0 10 25.6 <0.001

Secure 20 18.5 9 16.1 14 359 ’
Very secure 52 48.1 18 32.1 6 154
I do not take medication 0 0.0 1 1.8 0 0.0
Primary GP 39 36.1 18 32.1 20 51.3
contact person  Specialist/Pulmonologist 59 54.6 32 57.1 16 41.0 0611
Hospital 5 4.6 4 7.1 2 5.1 ’
Other 5 4.6 2 3.6 1 2.6
Exchange with  Yes 14 13.0 5 8.9 2 5.1 0.356
other patients No 94 87.0 51 91.1 37 94.9 )
Participation Yes 13 12.0 7 12.5 4 10.3
at “Living No 95 88.0 49 87.5 35 89.7 0941
better with ’
COoPD”
Participation Yes 32 29.6 15 26.8 8 20.5
at outpatient No 76 70.4 41 73.2 31 79.5 0.546
pulmonary ’
rehabilitation
Yearly Yes 64 59.3 34 60.7 18 46.2
vaccination No 44 40.7 22 393 21 53.8 | 0.299

against the flu
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An ANOVA was applied for continuous variables to test for differences in the mean
values between the three HL states. I identified significant differences in age
(p<0.001), EQ-5D-5L (p<0.001), EQ-VAS (p<0.001), and CAT (p=0.004) (see Table
5.3). According to the post hoc test, participants with sufficient HL were significantly
older than participants with inadequate (p=0.005) and problematic (p=0.002) HL.
Participants with sufficient HL expressed significantly better scores in EQ-5D-5L
than participants with inadequate (p=0.003) and problematic (p<0.001) HL.
Concerning EQ-VAS, participants with problematic HL stated significantly worse
values compared to inadequate (p=0.012) and sufficient (p<0.001) HL. For the CAT
score, participants with sufficient HL showed significantly low-er (i.e., better) values
compared to inadequate (p=0.041) and problematic (p=0.010) HL. No significant
differences were observable between the groups for mean BMI and the average

number of comorbidities.
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Table 5.3: Differences in mean values regarding health literacy

Sufficient (n=108)

Inadequate (n=56) Problematic (n=39) F p-value
Mean (SD) Mean (SD) Mean (SD)

Age 67.54 (8.85) 62.45 (10.68) 61.28 (10.33) 8.55 <0.001
BMI 26.67 (6.76) 27.33 (6.37) 25.96 (6.72) 0.49 0.614
Number of 2.89 (1.23) 2.22 (1.30) 2.75 (3.10) 0.553 0.581
comorbidities
EQ-5D-5L 0.793 (0.200) 0.6714 (0.215) 0.610 (0.280) 10.81 <0.001
EQ-VAS 65.27 (21.19) 62.11 (21.05) 48.95 (23.53) 8.226 <0.001
CAT 17.23 (7.53) 20.30 (7.70) 21.38 (7.07) 5.801 0.004
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Factors influencing health literacy

For the logistic regression, the control variables were support in daily life, length of
diagnosis, feeling secure in medication intake, age, EQ-5D-5L, EQ-VAS, and CAT.
These variables were chosen due to their significant values (p<0.05) in the previously
conducted chi-square test and ANOVA. The logistic regression revealed that age and
the EQ-5D-5L are significantly associated with HL (see Table 5.4). A lower odds ratio
signifies a higher (better) HL. Thus, the odds ratio for age (OR=-0.042; p=0.011) and
the EQ-5D-5L (OR=-2.166; p=0.017) express a higher likelihood of sufficient HL to
be present. No significant associations were observable for any other included

variable. The model achieved a pseudo-R-squared of 0.260.
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Table 5.4: Regression table for identifying associations with health literacy

Odds ratio Confidence intervals Significance (p-value)
Support in daily life 0.625 -0.098 — 1.349 0.090
Length of diagnosis
Less than 1 year 0.479 -0.655-1.614 0.408
1 to less than 3 years 0.915 -0.200 -2.029 0.108
3 to less than 5 years 0.453 -0.630 - 1.536 0.412
5 to less than 7 years 0.823 -0.217-1.863 0.121
7 to less than 10 years -0.417 -1.716 — 0.881 0.529
Feeling secure in medication
intake
Very insecure -0.791 -4.630 —3.048 0.686
insecure -1.070 -4.870 - 2.729 0.581
Neutral -0.561 -4.346 —3.224 0.771
Secure -0.631 -4.394 -3.131 0.742
Very secure -1.406 -5.191 -2.378 0.466
Age -0.042 -0.074 —-0.010 0.011
EQ-5D-5L -2.166 -3.950 — -0.382 0.017
EQ-VAS -0.007 -0.023 — 0.008 0.364
CAT -0.018 -0.069 - 0.033 0.494

Reference categories: support in daily life: no; diagnosis in years: over 10 years; confidence in medication intake: very confident
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Differences in desire for support

The “top three” answers of the patients’ desire for daily support are listed in Table 5.5
according to the HL states. Concerning difficulty in dealing with COPD, participants
of all HL states indicated facing most difficulties in the limited movement
possibilities, followed by a lack of chance to cure and fears about the future due to
disease and changing living circumstances for sufficient HL. Compared to participants
with inadequate and problematic HL, they indicated most difficulties in dealing with
fears about the future due to the disease and, the lack of chance of cure (inadequate)
and insufficient sleep quality (problematic). Thus, independent of HL, participants
perceive the same difficulties in dealing with COPD.

Regarding the wish for support, the picture is even more similar. Independent of the
HL state, the participants wished for support through regular advice and information
dealing with COPD, followed by inputs for regular exercises to decrease the COPD
symptom level. Third ranks in all HL states the desire to compare their health status
with the average COPD patient. Also, for the support in dealing with COPD-specific
symptoms, the highest symptom burdens are breathlessness, anxiety/depression, and
tiredness across all HL states. Concludingly, no differences in needs for support were

observable between HL states — the needs were almost identical.
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Table 5.5: Difficulty in dealing with COPD, wish for support in daily life, and support with symptoms per HL group

Sufficient (n=108)

Inadequate (n=56)

Problematic (n=39)

Difficulty in dealing

1. Limited movement

1. Limited movement

1. Limited movement

2. Anxiety/depression
(33.3%)

3. Tiredness (29.6%)

2. Tiredness (39.3%)

3. Anxiety/depression
(37.5%)

with COPD possibilities (48.1%) possibilities (62.5%) possibilities (69.2%)
2. Lack of chance to cure 2. Fears about future due to | 2. Fears about future due to
(38.9%) disease (58.9%) disease (59.0%)
3. Fears about future due to | 3. Lack of chance to cure 3. Insufficient sleep quality
disease (31.5%) / (42.9%) (41.0%)
Changing living
circumstances (31.5%)
Wish for supportin | 1. Regular advice and 1. Regular advice and 1. Regular advice and
daily life information dealing with information dealing with information dealing with
COPD (36.1%) COPD (57.1%) COPD (64.1%)
2. Regular exercises to 2. Regular exercises to 2. Regular exercises to
decrease COPD symptom decrease COPD symptom decrease COPD symptom
level (28.7%) level (44.6%) level (48.7%)
3. Comparing own health 3. Comparing own health 3. Comparing own health
status with average status with average status with average
COPD patient (18.5%) COPD patient (33.9%) COPD patient (30.9%)
Support with 1. Breathlessness (50.0%) 1. Breathlessness (51.8%) 1. Breathlessness (69.2%)
symptoms

2. Tiredness (53.8%)

3. Anxiety/depression
(51.3%)
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5.1.5 Discussion
The sample included 203 participants, of which 108 showed sufficient HL, 56

indicated inadequate HL and 39 expressed problematic HL. Evidence exists that
people suffering from COPD are often affected by low HL [16] — in this case, around
46% of the participants. Furthermore, the sample consisted of 63% female
participants. Based on current research, men are no longer exclusively affected by
COPD, but more and more women suffer from the disease. However, women often
remain under-diagnosed [46] due to various problems, such as women being less
frequently referred to pulmonologists or receiving spirometry testing [47, 48].
Additionally, women tend to experience symptoms such as fatigue or depression,

which are indicators of other diseases as well [49].

Additionally, the participants in the collected sample display more often B and D
COPD status — indicating that they suffer from a worse CAT score. Lower HL is
associated with higher (i.e., worse) CAT scores [50]. Although Omachi et al. [51]
claim that lower HL is associated with more severe COPD status, no significant
differences between HL states are observable in my sample. Additionally, the sample
encompassed a broad range of educational levels, with most participants having
finished a professional training (52.2%), followed by compulsory school (17.7%) and
higher education (16.7%). This represents a balanced sample, as in Switzerland,
41.2% conduct a professional training, followed by 15% receiving a higher education

degree and 13.9% finishing compulsory school [52].

Significant differences were observable in the sample for the length of diagnosis and
feeling secure in the medication intake between the HL states. Participants with
sufficient HL were longer diagnosed with COPD compared to the other two HL states.
Gysels and Higginson [53] claimed that patients develop better HL over time as they
develop an understanding of their symptoms and become able to understand changes
in the environment or the body and take proper counteracting measures. Also, Lu et
al. [54] highlighted in their study that a longer disease duration is positively associated
with better HL and thus leading to higher self-efficacy of managing the disease.
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Furthermore, 66% of participants with sufficient HL indicated feeling confident in
medication intake, whereas only 48.2% of participants with inadequate and 51.3%
with problematic HL expressed the same feeling. Interestingly, proportionally more
participants with problematic HL felt secure in medication intake compared to
participants with adequate HL. This finding might be explained with the Dunning-
Kruger effect, where people with lower HL overestimate their capabilities of
understanding and taking the medication correctly [19, 20, 55]. Nevertheless, the
proportion of participants feeling secure in medication intake was rather low across
all HL states, while COPD patients with higher HL are more adherent to medication
intake [56].

Concerning the posed research questions, the focus of the first research question was
whether significantly associated factors with patients’ HL are identifiable. The ordinal
logistic regression reveals that age and the EQ-5D-5L are significantly associated with
HL. Compared to other studies, no clear tendency of the association of age with HL
in COPD patients is derived in the literature. While some studies indicated that there
is no significant association of age with HL [16, 57], others highlighted a significant
negative association between these two variables [58, 59]. Regarding HRQoL
(represented by EQ-5D-5L and EQ-VAS) and the disease-specific condition
(measured by CAT), significant differences between HL states were observable.
These values were all most favorable for participants with sufficient HL, i.e., higher
HRQoL and lower disease-specific burden than the other two HL states. Results in
line with this study are found in literature [50, 58, 60]. Better HRQoL is positively
associated with better HL. Furthermore, Fischer et al. [50] highlighted that higher HL
leads to a lower CAT. The EQ-5D-5L is significantly associated with better HL as
also shown in Stellefson et al. [58] — thus, strengthening the relation between HRQoL

and HL even more.

The second research question dealt with differences in the desire for support by
respecting the COPD patients’ HL. Although participants differed heavily in their HL,
their difficulties in dealing with COPD, requirements for support in daily life, and

disease-specific symptoms were almost similar, and no differences across groups were
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observable. According to this study, study participants perceived most difficulties in
the limited movement possibilities and the fears about the future due to the disease.
They wished for support in the form of regular advice and information on how to deal
with COPD-specific symptoms, followed by regular exercise to decrease the symptom
burden and the possibility of comparing their health status with other COPD patients.
Also, the participants’ perception of managing the disease-specific burden were
similar independent of the HL states. Due to the similar requirements across HL states,
scalability and cost-effectiveness of DHIs potentially increase [33]. Based on the
survey's direct derivation of support options, patients' acceptability of the DHI may

be enhanced since it reflects directly on the patients’ support requirements.

This study faces two main limitations: 1) a potential bias in the sample as the survey
was conducted online and participants were mainly recruited through Facebook
advertisements, and 2) the assessment of HL depended on patients' reported
information. The first limitation may be established due to the online survey form and
the main recruitment strategy through Facebook. Thus, only people with access to the
Internet and a Facebook account were mainly targeted. However, since Internet
coverage is almost entirely provided in Switzerland and Facebook is still one of the
major social media platforms for baby-boomer and earlier generations, I believe this
limitation has only minor influence on the sample’s recruitment. Furthermore, future
health interventions to strengthen HL and self-management capabilities will more
extensively use digital approaches, which precondition patients to interact with digital
tools. The second limitation refers to the patient's self-report of HL, and their
overestimation of their HL capabilities. However, using an internationally validated
instrument, the HLS-EU-Q16, any bias of patients' overestimating their HL

capabilities should be reduced to a minimum.

5.1.6 Conclusion
This study highlights significant differences in the amount of support in daily life,

length of diagnosis, feeling secure in medication intake, age, and HRQoL across
COPD patients with different HL states. Participants with sufficient HL receive less

support daily, feel more secure in medication intake, are older, have a higher HRQoL,
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and indicate less disease-specific impact on health. Furthermore, the ordinal logistic
regression reveals that higher age and better HRQoL significantly increase the
likelihood of enhanced HL.

Additionally, this study derives desired supportive mechanisms for daily life, such as
regular advice on COPD treatment and exercises on coping with COPD-specific
symptoms. It further reveals that COPD patients independent of their HL are
struggling with similar symptoms such as breathlessness, anxiety/depression, and
tiredness. Thus, these insights guide the development of mechanisms being
implemented in DHIs. Furthermore, future research may build on the findings of this
study, aiming to influence patients’ self-perceived quality of life to prove whether an
improved HRQoL has an impact on HL and develop supporting mechanisms to
enhance patients’ self-management capabilities. This study contributes to existing
evidence by highlighting the association of age and HRQoL with HL. As patients’ HL
is an important lever for increased self-management capabilities, it also strengthens
the ability to cope with COPD daily. Therefore, it is essential to assess patients’ HL

regularly and aim to improve it in case patients display inadequate or problematic HL.
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Appendix
Supplementary Material 1: Survey questionnaire in original language

Identifikation des Unterstiitzungsbedarfs von Patient:innen mit COPD zur Entwicklung
eines Digital Health Assistants

Geschitzte Teilnehmerinnen und Teilnehmer

Vielen Dank, dass Sie sich die Zeit fiir unsere Umfrage nehmen. Ziel der Umfrage ist es ein
vertieftes Versténdnis Threr alltiglichen Herausforderungen mit COPD zu erhalten. Thre
Riickmeldungen helfen uns neue Gesundheitsdienstleistungen zu entwickeln, die Sie
zukiinftig besser im Alltag mit COPD unterstiitzen. Die Umfrage dauert ca. 10-20 Minuten.

TIhre Daten werden vertraulich und anonym behandelt. Thre Antworten dienen ausschliesslich
obengenanntem Zweck und werden nicht an Dritte weitergereicht. Nach Abschluss der
Forschungsarbeit werden sdmtliche Daten vernichtet.

Unter allen teilnehmenden Personen verlosen wir am Ende der Umfrage 3 Reka-Gutscheine
im Wert von je CHF 100.

Bei Fragen oder technischen Schwierigkeiten wenden Sie sich gerne an Anja Bischof
(E-Mail: XXX, Tel: XXX).

0. Haben Sie die Voraussetzungen zur Teilnahme an der Umfrage zum
Unterstiitzungsbedarf im Umgang mit COPD verstanden und stimmen Sie den
Bedingungen zu?

... Ja, ich stimme zu.
... Nein, ich stimme nicht zu.

Allgemeine Angaben
In diesem ersten Abschnitt bitten wir Sie um einige personliche Angaben.

1.  Bitte geben Sie Ihr Geschlecht an.
... Ménnlich
... Weiblich
... Divers

2. Bitte geben Sie Thr Geburtsjahr an: ............

3. Bitte geben Sie Thre Grosse in cm an: ............ cm

4. Bitte geben Sie Ihr Gewicht in kg an: ............ kg


mailto:anja.bischof@unisg.ch
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5.

6.

7.

8.

Bitte geben Sie Thren hochsten Abschluss an.
... Kein Schulabschluss
... Obligatorische Schule
... Lehrabschluss
... Matura/Abitur
... Hohere Berufsausbildung (HF)
.. Hochschulabschluss (Bachelor/Master/Doktorat)

Rauchen Sie?

... Ja, taglich
.. Ja, gelegentlich
.. Nein, nicht mehr
.. Nein, noch nie

a.

Falls ja, wie viele Zigaretten (bzw. Zigarren/Pfeifen) pro Tag rauchen
Sie?

............ (Anzahl eingeben)

Falls ja, seit wie vielen Jahren rauchen Sie?

............ (Jahre eingeben)

Falls gelegentlich, wie viele Zigaretten (bzw. Zigarren/Pfeifen) pro
Woche?

............ (Anzahl eingeben)

Falls gelegentlich, seit wie vielen Jahren rauchen Sie?

............ (Jahre eingeben)

Falls nicht mehr, wie viele Zigaretten (bzw. Zigarren/Pfeifen) haben Sie
pro Woche geraucht?

............ (Anzahl eingeben)

Falls nicht mehr, wie viele Jahre haben Sie geraucht?

............ (Jahre eingeben)

Haben Sie bereits einmal an einem Rauchstopp-Programm teilgenommen?

.. Ja
.. Nein
a.

Falls Sie bereits an einem Rauchstopp-Programm teilgenommen haben,
von welcher Art war dieses?
(Mehrfachantwort moglich)

.. Professionelle Rauchstopp-Beratung

... Rauchstopp-App

.. Hypnose oder Akupunktur

... Entspannungstechniken wie autogenes Training oder Yoga

CANAEIE: Lo

. Ich habe noch nie an einem Rauchstopp-Programm teilgenommen.

An wie vielen Rauchstopp-Programmen haben Sie bereits teilgenommen?
Bitte geben Sie die Anzahl in ganzen Zahlen an.

............ (Anzahl eingeben)

Bitte geben Sie die Grosse Thres Wohnorts an:
.. <5'000 Einwohner
..>5'000 — 15'000 Einwohner
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..>15'000 — 50'000 Einwohner
..>50'000 Einwohner

9.  Wie sieht IThre Wohnsituation zurzeit aus?
.. Zu Hause mit Lebens- bzw. Ehepartner/in
.. Zu Hause mit anderen Angehérigen
.. Zu Hause allein
... Betreutes Wohnen
ANdere: L

10. Wenn zu Hause mit Lebens- bzw. Ehepartner/in oder Angehorigen angegeben
wurde: Raucht eine Person, welche mit Ihnen im gleichen Haushalt lebt?
. Ja
.. Nein

11. Sind Sie zurzeit auf Hilfe zur Bewéltigung Thres Alltags angewiesen?
.. Ja
.. Nein

12. Von wem erhalten Sie Hilfe?

(Mehrfachantwort maoglich)
.. Angehorige

... Freunde/Nachbarn

... Haushaltshilfe

... SPITEX oder dhnliche Dienstleister

L ADdETe: L
.. Ich erhalte keine Hilfe.

13. Haben Sie Haustiere?
.. Ja (Bitte geben Sie die Art Thres Haustiers an — z.B. Hund, Katze, Vogel, etc.)
WelChe? .o
.. Nein

Fragen zur Krankheit

In diesem Abschnitt werden Ihnen einige Fragen zu Ihrer Krankheit gestellt.

14. An welcher chronischen Lungenkrankheit leiden Sie?
(Mehrfachantwort moglich)
.. COPD
... Asthma
... Weiss ich nicht
.. Andere Erkrankung: ...
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15.

16. Wie geht es IThnen mit Threr COPD? (Bitte geben Sie fiir jede der folgenden Aussagen
an, was derzeit am besten auf Sie zutrifft. Kreuzen Sie (X) in jeder Zeile nur eine

Kennen Sie Thr Stadium der COPD?

... Ja
... Nein

a. Falls ja, in welchem Stadium befinden Sie sich?
Hinweis: Durch Einteilung in COPD-Stadien lassen sich der
Schweregrad und mégliche Verdnderungen im Verlauf der Krankheit gut
dokumentieren. Kombination aus Buchstabe und Zahl moglich.

rLN—gawe

Moglichkeit an.)

[Ich huste nie

(2 (22 (-

00600006

Ich huste stindig

)

Ich bin liberhaupt nicht
verschleimt

000000

Ich bin vdllig verschleimt

Ich spiire keinerlei Engegefiihl in
der Brust

0000006

Ich spiire ein sehr starkes
Engegefiihl in der Brust

Wenn ich bergauf oder eine
Treppe hinaufgehe, komme ich
nicht auBer Atem

OOOO®E

Wenn ich bergauf oder eine
Treppe hinaufgehe, komme ich
sehr auBer Atem

Ich bin bei meinen hiuslichen

(Ak‘iviﬁmn nicht eingeschrankt

0000006

Ich bin bei meinen hduslichen
Aktivitdten sehr stark
eingeschrinkt

meiner Lungenerkrankung das

[Ich habe keine Bedenken, trotz

Haus zu verlassen

O00000

Ich habe wegen meiner
Lungenerkrankung grofe
Bedenken, das Haus zu verlassen

[Ich schlafe tief und fest

(Ich bin voller Energie

17. Vor wie vielen Jahren wurde COPD bei Ihnen diagnostiziert?

0060000

Wegen meiner Lungenerkrankung
schlafe ich nicht tief und fest

OOOOWE

Ich habe tiberhaupt keine Energie

N

... Unter 1 Jahr

... 1 bis unter 3 Jahre
... 3 bis unter 5 Jahre
... 5 bis unter 7 Jahre
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... 7 bis unter 10 Jahre
... Uber 10 Jahre

18. Gab es schon einmal einen stationdren Aufenthalt im Krankenhaus aufgrund von
COPD?
.. Ja
... Nein

19. Falls Sie bereits einen stationdren Aufenthalt im Krankenhaus aufgrund Threr COPD
hatte, wie lange ist der letzte her?
... Unter 6 Monate
... 6 Monate bis unter 1 Jahr
... 1 bis unter 2 Jahre
.. Uber 2 Jahre
.. Ich hatte noch nie einen stationdren Aufenthalt aufgrund meiner COPD.

20. Nehmen Sie verschriebene Medikamente zur Einddmmung der Symptome Threr
COPD?
.. Ja
... Nein

21. Wie sicher fiihlen Sie sich bei der Medikamenteneinnahme in Bezug auf den
Einnahmezeitpunkt, die richtige Dosierung, etc.? (I = sehr unsicher; 5 = sehr
sicher)

............ (Zahl eingeben)

22. Wer ist Ihre primédre Ansprechperson, wenn es um Ihre COPD geht?
.. Hausarzt
... Facharzt/Pneumologe (Lungenarzt)
... Spital
ANETE: L

Fragen zum Unterstiitzungsbedarf
Es folgen nun einige Fragen zu den Herausforderungen mit Ihrer Krankheit. Ebenfalls
konnen Sie Bereiche angeben, in denen Sie sich vermehrt Unterstiitzung wiinschen.

23. Sind Sie in regelméssigem Austausch mit anderen COPD-Betroffenen?
... Ja
... Nein

24. Nehmen Sie am Selbstmanagement-Coaching Programm «Besser Leben mit
COPD» der Lungenliga teil oder haben Sie bereits daran teilgenommen?
. Ja
... Nein
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25. Nehmen Sie an einer ambulanten pulmonalen Rehabilitation (APR) teil bzw. haben
Sie bereits daran teilgenommen?
... Ja
... Nein

26. Lassen Sie sich jéhrlich gegen die Grippe impfen?
.. Ja
... Nein

27. Wo bestehen zurzeit Schwierigkeiten im Umgang mit COPD? (Mehrfachantwort
maoglich)
.. Haufung von &rztlichen Terminen
... Regelmissige Medikamenteneinnahme
.. Mangelhafte Schlafqualitdt
.. Eingeschriankte Bewegungsmoglichkeiten
.. Fehlende Informationsgrundlage
.. Identifikation der zustandigen Fachstellen
.. Fehlende Heilungschancen
.. Unversténdnis aus dem personlichen Umfeld
... Soziale Isolation
.. Bedarf an Hilfe/Unterstiitzung fiir alltdgliche Tétigkeiten
... Umgang mit Begleiterkrankungen
.. Nicht-Akzeptanz der Krankheit («Ich hadere mit mir selbst.»)
.. Verénderung der Lebensumstédnde
.. Zukunftsidngsten aufgrund der Erkrankung
.. Andere Herausforderungen:

28. Im Umgang mit welchen Symptomen Threr COPD wiinschen Sie sich
Unterstilitzung? (Mehrfachantwort méglich)
.. Atemnot
.. Husten
... Auswurf
.. Abgeschlagenheit/Angstzustinde/Depression
... Bewegungsmangel
.. Midigkeit
.. Kein Unterstiitzungsbedarf
.. Sonstiges:

29. Leiden Sie an weiteren chronischen Erkrankungen?
Hinweis: Eine chronische Erkrankung wird als ein langfristiger, nicht- oder nur
schwer-heilbarer Krankheitszustand bezeichnet.
... Ja
... Nein
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a. Falls ja, kreuzen Sie die entsprechenden bitte an. (Mehrfachantwort
maoglich)
... Koronare Herzerkrankung
.. Herzinsuffizienz (Herzschwiéche)
... Bronchialkarzinom
.. Bluthochdruck
.. Angststorung
... Depression
.. Muskelschwund (Atrophie)
... Knochenschwund (Osteoporose)
... Metabolisches Syndrom
... Diabetes Mellitus Typ 1
.. Diabetes Mellitus Typ 2
.. Gewichtsverlust
.. Andmie
.. Riickenschmerzen
ANETe: L

Hinweis: Falls Frage 29 mit «ja» beantwortet wurde, dann beantworten Sie bitte die Fragen
30-34 ebenfalls. Ansonsten gehen Sie bitte direkt zu Frage 35 weiter.

30.

31.

32.

33.

34.

Wie gut fiihlen Sie sich iiber die zuvor angegebenen chronischen Erkrankungen
informiert? (1 = ich besitze keine Information; 5 = ich besitze alle bendtigten
Informationen)

............ (Zahl eingeben)

Sind die Informationsmaterialen, die Sie kennen und verwenden, verstandlich in
Bezug auf Ihre zuvor angegebenen chronischen Erkrankungen? (1 = iiberhaupt
nicht verstindlich; 5 = komplett verstéindlich)

............... (Zahl eingeben)

Wie kommen Sie zurzeit mit den zuvor angegebenen chronischen Erkrankungen
zurecht?

(1 = iiberhaupt nicht; 5 = sehr gut)

............ (Zahl eingeben)

Wie gut fiihlen Sie sich von Threm Hausarzt/Facharzt beziiglich der zuvor
angegebenen chronischen Erkrankungen betreut? (I = tiberhaupt nicht; 5 = sehr
gut)

............ (Zahl eingeben)

Wiinschen Sie sich im Umgang mit den zuvor angegebenen chronischen
Erkrankungen weitere Unterstiitzung?

... Ja

.. Eher ja

.. Unentschlossen

.. Eher nein
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Nein

35. Welche Arten der Unterstiitzung wiinschen Sie sich in Bezug auf Thre COPD sowie
auf die zuvor angegebenen chronischen Erkrankungen (nur falls zuvor angegeben)?
(Mehrfachantwort méglich)

.. Unterstiitzung bei der Vereinbarung von Arztterminen

.. Identifikation der zusténdigen Fachstelle je nach Anliegen

.. Erinnerung an Arzttermine

.. Erinnerung an die Medikamenteneinnahme

.. Erinnerung an weitere unterstiitzende Massnahmen zum Umgang mit COPD wie

bspw. jahrliche Grippeimpfung

.. Regelmissige Tipps und Informationen zum Umgang mit COPD
.. Regelmaissige Tipps und Informationen zum Umgang mit weiteren chronischen

an

Erkrankungen

.. Regelmissige Ubungen, um Symptome von COPD zu lindern (z.B. Erinnerung

gesunde Ernéhrung, regelmdssige Bewegung, etc.)
Regelmissige Ubungen, um Symptome von den weiteren chronischen

Krankheiten

zu lindern

Unterstiitzung beim Rauchstopp

Austauschmoglichkeiten mit weiteren Betroffenen
Vergleichsméglichkeiten des eigenen Gesundheitszustandes zum

durchschnittlichen

COPD-Patienten

.. Hilfestellungen fiir Angehorige oder Pflegende

.. Unterstiitzung bei der Kommunikation mit der Krankenkasse
.. Unterstiitzung beim Bezahlen von Rechnungen

.. Kochen bzw. Sicherstellen einer gesunden Ernédhrung

.. Sonstiges:

36. Denken Sie, dass sich eine Verhaltenséinderung Ihrerseits positiv auf Thre COPD

auswirken kann?
Hinweis: Im Zusammenhang mit dieser Umfrage wird unter Verhaltensdinderung
jene Verdnderung von Gewohnheiten betrachtet, die sich positiv auf die Gesundheit
auswirken, wie bspw. mehr Bewegung, gesunde Erndhrung, geniigend Schlaf;
striktes Befolgen von Therapieplinen, Wissenserwerb zur Krankheit etc.

... Ja

.. Eher ja

.. Unentschlossen

... Eher nein

.. Nein

37. Sind Sie zur Verbesserung Ihrer COPD zu einer Verhaltensdnderung bereit?

Ja
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38.

39.

40.

41.

42.

.. Eher ja

.. Unentschlossen
... Eher nein

.. Nein

Falls weitere chronische Evkrankungen angegeben: Denken Sie, dass sich die
Verhaltensdnderungen auch positiv auf Ihre anderen chronischen Erkrankungen
auswirken kann?
... Ja
.. Eher ja
.. Unentschlossen
... Eher nein
.. Nein
a.  Falls ja, sind Sie zur Verbesserung Ihrer weiteren chronischen
Erkrankungen zu einer Verhaltensénderung bereit?
... Ja
.. Eher ja
.. Unentschlossen
.. Eher nein
.. Nein

Nutzen Sie Ihr Smartphone regelmaissig?
... Ja
... Nein

Falls ja: Wie oft verwenden Sie Thr Smartphone?
.. Mehrmals téglich
... Einmal am Tag
.. Mehrmals in der Woche
.. Einmal in der Woche
.. Seltener

Besitzen Sie eine Smartwatch?

Hinweis: Eine Smartwatch ist eine Armbanduhr, die iiber zusdtzliche Sensoren
verfiigt, welche beispielsweise Ihren Puls oder Ihre Schrittzahl messen.

... Ja

... Nein

Nutzen Sie digitale Losungen zur Unterstiitzung im Umgang mit [hrer COPD?
Hinweis: Mit digitalen Losungen sind in diesem Kontext Handy-Apps oder
Wearables/Smartwatches/andere Tracking Gerdte (kleine tragbare Computer)
gemeint. Dabei erhalten Sie Informationen zur Krankheit oder Sie verfolgen damit
die Entwicklung Ihres Gesundheitszustandes iiber einen gewissen Zeitraum.
... Ja

Welche? «..oeiei i
... Nein
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43. Wiren Sie bereit, eine digitale Losung zur Unterstiitzung im Umgang mit COPD
auszuprobieren?
... Ja
.. Eher ja
.. Unentschlossen
... Eher nein
.. Nein

Hinweis: Falls Frage 29 mit «ja» beantwortet wurde, dann beantworten Sie bitte die
Fragen 44 & 45 ebenfalls. Ansonsten gehen Sie bitte direkt weiter zu Frage 46.

44. Nutzen Sie bereits digitale Losungen zur Unterstiitzung im Umgang mit Thren
weiteren chronischen Erkrankungen?
.. Ja
... Nein
a.  Falls ja, welche? (freie Texteingabe)

45. Winschen Sie sich ebenfalls Unterstiitzung im Umgang mit den zuvor angegebenen
chronischen Krankheiten?
... Ja
.. Eher ja
.. Unentschlossen
.. Eher nein
.. Nein

Fragen zur Lebensqualitiit
In dieser kurzen Sequenz bitten wir Sie Ihre Lebensqualitdit einzuschditzen.

46. Wie hoch schitzen Sie Thre Lebensqualitét ein? (0 = schlecht moglichst, 100 =
bestmoglich)
............ (Zahl eingeben)

47. Bitte kreuzen Sie unter jeder Uberschrift DAS Kistchen an, das Ihre Gesundheit
HEUTE am besten beschreibt.

a. Beweglichkeit/Mobilitit
... Ich habe keine Probleme herumzugehen
... Ich habe leichte Probleme herumzugehen
... Ich habe missige Probleme herumzugehen
... Ich habe starke Probleme herumzugehen
... Ich bin nicht in der Lage herumzugehen

b. Fiir sich selbst sorgen
... Ich habe keine Probleme, mich selbst zu waschen oder anzuziehen
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.. Ich habe leichte Probleme, mich selbst zu waschen oder anzuziehen
.. Ich habe méssige Probleme, mich selbst zu waschen oder anzuziehen
.. Ich habe grosse Probleme, mich selbst zu waschen oder anzuziehen
.. Ich bin nicht in der Lage, mich selbst zu waschen oder anzuziehen
c. Alltigliche Titigkeiten
(z.B. Arbeit, Studium, Hausarbeit, Familien- und Freizeitaktivitdten)
.. Ich habe keine Probleme, meinen alltidglichen Téatigkeiten nachzugehen
.. Ich habe leichte Probleme, meinen alltdglichen Tétigkeiten
nachzugehen
.. Ich habe missige Probleme, meinen alltidglichen Téatigkeiten
nachzugehen
.. Ich habe grosse Probleme, meinen alltdglichen Tétigkeiten
nachzugehen
.. Ich bin nicht in der Lage, meinen alltdglichen Tatigkeiten nachzugehen
d. Schmerz/Kérperliche Beschwerden
.. Ich habe keine Schmerzen oder Beschwerden
.. Ich habe leichte Schmerzen oder Beschwerden
.. Ich habe missige Schmerzen oder Beschwerden
.. Ich habe starke Schmerzen oder Beschwerden
.. Ich habe extreme Schmerzen oder Beschwerden
e. Angst/Niedergeschlagenheit
.. Ich bin nicht dngstlich oder deprimiert
.. Ich bin ein wenig dngstlich und deprimiert
.. Ich bin méssig dngstlich und deprimiert
.. Ich bin sehr dngstlich und deprimiert
.. Ich bin extrem éngstlich und deprimiert

Fragen zum Umgang mit COPD und Ihrer allgemeinen Gesundheit

Der letzte Abschnitt beinhaltet Aussagen zum Umgang mit COPD. Wir bitten Sie, diese zu
bewerten. Dabei geht es primdr darum, herauszufinden, wie gut Sie sich tiber die chronische
Lungenerkrankung COPD informiert fiihlen.

Auf einer Skala von sehr einfach bis sehr schwierig, wie einfach ist es Threr Meinung nach ...

48. ... Informationen iiber Therapien fiir Krankheiten, die Sie betreffen, zu finden?
.. Sehr einfach
.. Ziemlich einfach
.. Ziemlich schwierig
.. Sehr schwierig

49. ... herauszufinden, wo Sie professionelle Hilfe erhalten, wenn Sie krank sind?
(Arzt Apotheker, Psychologe)
.. Sehr einfach

.. Ziemlich einfach
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50.

51.

52.

53.

54.

55.

56.

.. Ziemlich schwierig
.. Sehr schwierig

... zu verstehen, was Ihr Arzt Thnen sagt?
.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

. die Anweisungen Ihres Arztes oder Apothekers zur Einnahme der
verschrlebenen Medikamente zu verstehen?

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

.. zu beurteilen, wann Sie eine zweite Meinung von einem anderen Arzt einholen
sollten?

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

.. mit Hilfe der Informationen, die Thnen der Arzt gibt, Entscheidungen beziiglich
Ihrer Krankheit zu treffen?

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

... den Anweisungen IThres Arztes oder Apothekers zu folgen?
.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

. Informationen {iber Unterstiitzungsmoglichkeiten bei psychischen Problemen,
wie Stress oder Depression, zu finden?

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

. Gesundheitswarnungen vor Verhaltensweisen wie Rauchen, wenig Bewegung
oder tibermissiges Trinken zu verstehen?

. Sehr einfach

. Ziemlich einfach
.. Ziemlich schwierig
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57.

58.

59.

60.

61.

62.

63.

.. Sehr schwierig

.. zu verstehen, warum Sie Vorsorgeuntersuchungen brauchen?
(Krebsfritherkennung, Blutzuckertest, Blutdruck)

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

. zu beurteilen, ob Informationen iiber Gesundheitsrisiken in den Medien
vertrauenswurdlg sind? (Fernsehen, Internet oder andere Medien)

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

.. aufgrund von Informationen aus den Medien zu entscheiden, wie Sie sich vor
Krankheiten schiitzen kénnen? (Zeitungen, Broschiire, Internet oder andere Medien)

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

. Informationen iiber Verhaltensweisen zu finden, die gut fiir Ihr psychisches
Wohlbeﬁnden sind? (Meditation, korperliche Bewegung, Spazieren gehen, Pilates,
etc.)

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig
.. Sehr schwierig

... Gesundheitsratschldge von Familienmitgliedern oder Freunden verstehen?
.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

... Informationen in den Medien dariiber, wie Sie Ihren Gesundheitszustand
verbessem konnen, zu verstehen? (Internet, Zeitungen, Zeitschriften)

.. Sehr einfach

.. Ziemlich einfach

.. Ziemlich schwierig

.. Sehr schwierig

.. zu beurteilen, welche Alltagsgewohnheiten mit Ihrer Gesundheit
zusammenhéngen? (Trink- und Essgewohnheiten, Bewegung, etc.)

.. Sehr einfach

.. Ziemlich einfach
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... Ziemlich schwierig
... Sehr schwierig

64. Welche Empfehlung wiirden Sie jemandem geben, der erst kiirzlich die Diagnose
COPD erhalten hat?

65. Zuriickblickend, was wiirden Sie im Umgang mit Threr COPD aus heutiger Sicht
dndern?

66. Angenommen Sie hitten drei Wiinsche im Umgang mit Ihrer COPD frei. Was
wiirden Sie sich wiinschen?

Weitere Anmerkungen

Vielen Dank fiir Ihre Teilnahme!

Mit Threr Teilnahme helfen Sie nicht nur der Forschung, sondern tragen auch dazu bei
Unterstiitzungsmoglichkeiten im Umgang mit COPD zu verbessern. Wir danken Thnen daher
sehr, dass Sie sich die Zeit genommen haben, an unserer Umfrage teilzunehmen.

Bei Fragen, Interesse an der Auswertung oder falls Sie an der Verlosung fiir die 3 Reka-
Gutscheine im Wert von je CHF 100 teilnehmen mochten, schreiben Sie gerne eine E-Mail an
Anja Bischof (E-Mail: XXX, Tel: XXX).
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Supplementary Material 2: Facebook advertisement

Lehrstuhl fur Management

im Gesundheitswesen, x
Universitat St. Gallen

Anzeige - @

Leidet einer Ihrer Angendrigen oder Sie selbst
an COPD und winschen Sie sich mehr
Unterstitzung im Umgang mit Inrer Krankheit?
Dann machen Sie bei unserer Umifrage (DE, IT,
FR) mit und tragen Sie zur besseren alltaglichen
Unterstiitzung von COPD-Betroffenen bei.

ww2.unipark.de

Hier geht es zur Mehr ansehen
Umfrage

D’_’) Gefalitmir () Kommentar 5 Teilen
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Supplementary Material 3: Flyer for recruitment

B Unversi 63 '
" Universitiat St.Gallen  runcenLica H Kantonsspital

ST.GALLEN=-APPENZELL
School of Medicine Mehr Luft firs Leben St.Gallen

Studienteilnehmende gesucht

Identifikation des UnterstUtzungsbedarfs
von Patient:innen mit COPD
(Chronisch-obstruktive Lungenerkrankung)

Teilnehmendenprofil
Wir suchen COPD-betroffene Personen ab 18 Jahren mit deutscher Muttersprache oder guten Deutsch-

kenntnissen.

Ziel der Studie Ablauf und Dauer der Studie

Wir machten priifen, ob und welchen Unterstit- Die Studie besteht aus einem Fragebogen, fiir
zungsbedarf COPD- Betroffene haben und ob dessen Beantwortung Sie ungefahr 20 Minuten

dieser durch bestehende Programme/Angebote bendtigen (siehe QR-Code und Link).
geniigend abgedeckt wird. Ausgehend von diesen Der Fragebogen beinhaltet Fragen zu Ihrer Lebers-
Erkenntnissen soll ein digitaler Gesundheitsassistent  qualitit, dem Urngang mit Ihrer Erkrankung und

entwickelt werden, der die Bedlirfnisse der Pa- einem méglichen Unterstiitzungsbedarf im Alitag
tientinnen in den Mittelpunkt stelit. aufgrund Ihrer COPD.

Information
< S—J Anja Bischof

+41 (071 224 3220

anja bischof @unisg.ch

From insight to impact.

y
\ \
y

~/

GESUCHT

MIT COPD
e \ ¢
— { ‘;“‘t

.

PATIENT:INNEN ‘

https:fww2 unipark de/ucfumfrage_unterstuetzung COPDY P Foto Lungenliga Schweix
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6 Results and outlook

This dissertation has explored how the patient’s perspective may be leveraged to
impede LVC and thus better control rising healthcare costs. It makes three
contributions to theory and practice: first, it outlines approaches to identifying LVC
from routine and claims data; second, it highlights essential considerations for the
interpretation and adoption of PROM s in clinical practice; and third, it emphasizes the
importance of patients” HL in enhancing their self-management capabilities to more
sustainably manage their diseases. The second and third contributions indicate that

effective countermeasures are needed to lastingly reduce LVC.

This dissertation has shown that identifying LVC in routine and claims data is
necessary for validating whether LVC is present in the system and which treatments
are especially prone to LVC. Based on the definition introduced at the beginning of
this dissertation (see Chapter 1.1.1), LVC are “services which (a) provide little or no
benefit to patients, (b) potentially cause harm, (c) incur unnecessary costs, and/or (d)
waste scarce resources compared to the use of alternative services or the application
in an alternative patient group.” As patient-perceived outcomes and medical
outcomes might diverge, it is essential to supplement objective medical information
with subjective, patient-perceived outcomes to clearly identify LVC. Ultimately, the
Swiss healthcare system must provide good quality of care while impeding LVC and
slowing the increase in healthcare costs. Achieving this goal requires respecting
patients’ perceptions—reflected by PROMs and patients” HL—as well as physicians

observing medical guidelines and applying the most suitable treatment strategies.

6.1 Discussion of results

LVC impedes providing good quality of care because patients do not benefit from the
provided treatments and might experience iatrogenic harm. Furthermore, additional
costs are incurred. As healthcare costs continue to soar in Switzerland, as reflected
directly by rising health insurance premiums [1-3], workable solutions are urgently

needed. As LVC depends on context, it is crucial to consider patients’ circumstances
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and HRQoL to avoid preference misdiagnosis [4]. This means that a physician
implicitly assumes a desired patient treatment goal, which, however, does not reflect
the patient’s actual goal and thus leads to LVC. As shown, PROMs are well-suited to
establishing a patient’s preferences and perceptions of HRQoL. However, using
PROM s in clinical practice on a larger scale requires demonstrating their enhanced

usefulness through appropriate interpretation mechanisms and adoption tools.

Treatment success is not only the physician’s responsibility. Patients must also
contribute to success, among others, by adhering to treatment plans, which depends
strongly on the patient’s self-management capabilities [5]. Therefore, the patient
becomes responsible for avoiding LVC. This dissertation thus highlights that LVC
may be caused by physicians—being representatives of the healthcare system—and
by patients. As shown, however, applying PROMs strengthens patient-physician
communication and thereby takes a patient-centered approach that allows identifying

treatment that benefits patients and does not result in unnecessary costs or harm.

Figure 6.1 highlights the key results by chapter. The results are subsequently
discussed in more detail. As already outlined in the introductory chapter of this
dissertation, Chapter 2 considers whether LVC is detectable at the physician and
patient level, while Chapter 3 focuses on how to interpret PROs on the physician level.
Chapter 4 brings the physician and patient level together by investigating PROM
application. Chapter 5 discusses patients’ HL and which factors are associated with
HL. While Chapter 2 discusses how to identify LVC in routine and claims datasets,
the remaining chapters explore ways of reducing LVC by either applying PROs or

increasing patients’ HL.
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Figure 6.1: Key results

Using the patient’s perspective to impede low-value care

/ Low-value care

Patient-reported outcome measures

Health literacy \

Chapter 2: Low-value Chapter 3: Enhancing the usefulness of PROs Chapter 4: Adoption of Chapter 5: Factors
care in routine and claims | PROMs influencing health literacy
data
RQ1: How can low-value RQ2: How do patient characteristics influence the RQ3: What must be RQ4: Which factors influence
care be identified using interpretation of PROs? considered when adopting a patient’s health literacy?
routine and claims data? PROMSs?
* New approaches required to * Gender differences are to be regarded
— . .
4 detect LVC in routine and *» Male and female patients differ in the scoring between items
2| claims data * Female patients show higher improvement rates, although
E * Systematic problem of LVC male patients indicate better pre-surgery scores
.y detectable (due to the nature . -edicti i -operativi . L.
% ofthe used(datasets) Most accurate pledlctmg score is t‘he pre opellatl\e score | » Clinical dashboards are a
< + Approach for managing patient’s expectation pre-surgery suitable option
i = Retrospective analysis and = Perception of successful intervention depends on the pre- | . .
contextual factors need to be operative score and the corresponding improvement ot PRQ? ueeq to be eu..uched with
considered i additional information
*LVC is caused at physician | *Real-time evalu.at.ion of ]?ROS » Age and HRQoL are
= and patient level allows t.he physmlan to dl.SCl]SS significantly associated with HL
> « Phivsician level: Tnade them with the patient during . .
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Chapter 2: Low-value care in routine and claims data

Chapter 2 asked “How can low-value care be identified using routine and claims
data?” (RQ1). Its main finding is that LVC can be identified in routine and claims
data. However, as such identification methods are a relatively new field of
investigation, strategies for identifying LVC in such data must first be developed. The
studies reported in Chapter 2 adopted two different approaches: In Study 1 (S1), only
the outcome (i.e., non-medically indicated CS) was analyzed based on diagnoses,
procedure classification, and billing data—amounting to a snapshot of a patient’s
history. Study 2 (S2) observed COPD patients’ behavior over two years prior to a
critical event (i.e., hospitalized exacerbation). LVC was identified in both studies,
albeit from a different perspective: Study 1 focused on the system level, Study 2 on
the patient level. Thus, it is essential to determine the type of LVC: Does the treatment
itself (see non-medically indicated CS) or rather inaccurate treatment behavior have

negative consequences (see COPD patients’ exacerbations)?

Basing both studies (S1 & S2) on routine and claims datasets enables holistically
assessing LVC in the Swiss healthcare system. As shown, LVC is a systemic problem

in Switzerland.

Both proposed approaches outlined in S1 and S2 enable retrospective analysis of the
provision of LVC because the outcomes (i.e., non-medically indicated CS or COPD
exacerbations based on low treatment adherence) need to be known. This might
initiate a discussion about which outcomes are desirable in which context or under
what circumstances—as proposed by the definition of LVC in the Introduction. For
medication or treatment to be approved in clinical practice, their efficacy must be
demonstrated in medical trials. However, whether a specific treatment needs to be
classified as LVC depends on context: Certain treatments are effective under certain
circumstances for a specific group of patients [6]. Exemplarily, CS are life-saving
treatments in case of complications during pregnancy or labor, but it may be classified
as LVC in case SVB would also have been an option for giving birth. Therefore,
Chapter 2 highlights that the context needs to be considered to classify a treatment as

LVC. As in the example of CS, which constitute life-saving treatments under certain
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conditions, they increase the risk of morbidity and mortality for mother and child
where SVD would also have been a potential birth mode. By contrast, treating
hospitalized exacerbation does not amount to LVC per se. However, as shown in the
study, hospitalized exacerbations are avoidable if medication adherence is high.
Therefore, S1 and S2 both illustrate how routine data and claims data can be used to

identify LVC by considering contextual factors.

The different approaches of S1 and S2 show that LVC may be caused by the physician
(i.e., who represents the healthcare system) or by the patient. A physician’s decision
or action may lead to LVC due to inadequate indication and/or process quality. For
example, LVC may occur if the physician misinterprets a patient’s preferences [4] or
disrespects medical guidelines because the patient demands a particular treatment [7,
8]. Conversely, inappropriate patient behavior (e.g., not adhering to treatment or
medication plans) might also be responsible for LVC. Showing low medication
adherence or other risky behavior (e.g., smoking in the case of COPD patients) [9]
might result in complications that more adequate patient behavior could have avoided
[10]. Patients do not adhere to treatment for manifold reasons. For instance, Bhattarai
etal. [11]and O’Toole et al. [12] discussed barriers to medication adherence, such as
a limited understanding of and anxiety about the prescribed medication, limited
patient-physician interaction, or concerns about medication side effects. Additionally,
Agarwal et al. [13] claimed that discussing medication concerns with COPD patients
and stressing the importance of daily medication intake may enhance adherence in

individuals with limited HL.

Chapter 2 provides insight into how LVC is detectable in routine and claims data and
emphasizes the requirements of different identification approaches. However, once
those approaches are determined, they facilitate the retrospective analysis of whether
LVC appears under certain circumstances. Furthermore, if certain de-implementation
recommendations are introduced as, for example, suggested by Choosing Wisely [14]
or by Smarter Medicine, its Swiss adaption [15], then the proposed approaches enable
identifying whether these recommendations are implemented as suggested while

respecting the treatment context.
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Chapter 3: Enhancing the usefulness of PROs

Chapter 3 asked “How do patient characteristics influence the interpretation of
PROs?” (RQ2) and addressed three main aspects of PROs: interpreting the current
health status (Study 3, S3), changing health status over time (Study 4, S4), and
improving health status after intervention to merit calling treatment successful (Study
5, S5). To enhance PRO usefulness, certain aspects, such as gender or pre-intervention
PRO scores, need to be considered. Tew et al. [16] and Solarino et al. [17] proposed
using PROs as a starting point for improving patient-centered care by respecting the

patient’s gender and pre-surgical HRQoL.

Chapter 3.6 explores gender differences in the individual dimensions of a generic
PROM (EQ-5D) and in gender-related health improvement rates after interventions.
It also considers MIDs as a means of determining when an intervention can be

considered successful according to personal preconditions.

S3 reveals that the individual dimensions of generic PROs (i.e., EQ-5D) are
differently associated with gender. Female patients exhibit significantly fewer
problems with self-care pre- and post-surgery (THA and TKA) and better post-
operative mobility scores (THA). By contrast, male patients report significantly less
pain/discomfort (TKA) and less anxiety/depression (THA) pre- and post-surgery.
Especially when using a weighted index score (as for EQ-5D), HRQoL might be
biased as women tend to indicate fewer problems in dimensions with lower weights
[18]. Hence, the index score clouds male-female comparability. Analyzing individual

dimensions provides more specific information to assess the current health status.

Hertler et al.’s [19] review of HRQoL outcome reports reached similar conclusions:
Cancer treatment shows significant association with gender in dimensions such as

nausea, pain, or psychological symptoms. Although certain gender differences in PRO

¢ All studies included in Chapter 3 deal with patients undergoing THA or TKA. Therefore,
results might differ for other episodes of care.
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evaluation are known, Hertler et al. [19] also emphasized the need to further stress the

importance of gender differences and called for further research in this area.

When analyzing the health improvement after intervention, S4 highlights that female
patients benefit from higher health improvement than male patients. Although male
patients show significantly better scores pre-surgery, this effect diminishes within one
year as most gender differences in PROs were no longer observable. This might
indicate that male patients receive surgical treatment earlier than required or that

female patients receive surgery later than required.

Adding to S4, S5 reveals that pre-surgery PRO scores and depression status are most
accurate in predicting post-surgery scores. This finding is also in line with Berliner et
al. [20]. The results of S5 demonstrate that physicians can use MIDs to manage
patients’ expectations better by clarifying the realistic amount of improvement in
HRQoL when undergoing treatment. Patients can be stratified by pre-surgery scores.
This results in patients with worse pre-operative scores requiring larger MIDs. Thus,
a patient facing lower pre-surgery HRQoL can expect more improvement in HRQoL
compared to a patient dealing with higher pre-surgery HRQoL. In contrast, this
finding also implies that patients with lower pre-surgery HRQoL must experience a
larger HRQoL improvement post-surgery to perceive the intervention as a success.

We found no other gender differences in MIDs.

In conclusion, Chapter 3 shows which factors are relevant to enhancing PRO
interpretation. Individual PRO dimensions are more informative for analyzing health
status than index scores, especially when dealing with weighted dimensional index
scores (see S3). By contrast, assessing the index score is a valid approach when
examining changes in a patient’s health status over time (see S4). Gender differences
play a significant analytical role in S3 and S4. Conversely, gender reveal no
significant differences in MIDs (see S5). For MIDs, the pre-operative PRO score is
most predictive of HRQoL post-intervention improvement and indicates whether that

improvement is high enough to claim successful intervention.
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PROs can be used to evaluate whether treatment improves or worsens the patient’s
situation. In the latter case, the patient would face LVC. Thus, PROs can be used to
assess health status and its improvement over time. PROs also serve to evaluate
whether a treatment or a change in treatment leads to the desired outcome and its
effect on HRQoL. However, gender differences and pre-intervention PRO scores in
particular need to be considered when evaluating health status (S3), change over time
(S4), and MIDs (S5).

Chapter 4: Adoption of PROMs

Chapter 4 asked “What must be considered when adopting PROMs?” (RQ3).
Increasing the adoption of PROs in clinical practice requires intervening in patient-
physician interaction. One potential approach is to introduce clinical dashboards. To
enable broad adoption, such dashboards need to incorporate the requirements
presented in Study 6 (S6). Including PROs in patient-physician interaction allows for
evaluating treatment approaches from both an objective and a subjective perspective,
as the patient’s perception is included. Through the more targeted patient-physician
discussion, treatment approaches having less desirable outcomes, such as LVC, may

be de-prioritized.

By visualizing data, clinical dashboards theoretically reduce the time required for data
collection, alleviate cognitive burden, expedite task completion, enhance situational
awareness, and encourage adherence to evidence-based safety guidelines [21].
Clinical dashboards offer valuable support to physicians by facilitating the
management of highly diverse data sources, including clinical parameters and PROs
[22]. A vital advantage of utilizing a dashboard is its ability to provide a succinct data

overview throughout the treatment process.

Nevertheless, clinical dashboards should not only include PROs, but also need to be
enriched with additional data (e.g., patients’ personal data or lab results). Our study
identified 25 design principles for developing clinical dashboards incorporating
PROMs. These principles can be divided into four concepts: generic dashboard

principles (subdivided into technical and non-technical setting), PROM-related
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principles, PROM-independent principles, and adoption requirements. The principles
indicate that additional data needs to be included in clinical dashboards to create added

value for physicians consulting the dashboard.

PROM-related principles encompass seven design principles: 1) type of PROM, 2)
PROM-system support, 3) illustration of scores, 4) PRO-related goals, 5) peer-group
comparison, 6) past assessment PRO score, and 7) alerts. All these principles are add-
ons to the PRO visualization itself. Thus, applying these principles in the clinical
dashboard increases the informative value for physicians. The interviews conducted
as part of S6 revealed that physicians consider the past assessment PRO score, which
enables observing changes in PROs over time, and peer-group comparison
particularly valuable. PRO interpretation can also be facilitated by setting thresholds,

which issue alerts if values are exceeded or not achieved.

Real-time evaluation, enabled by the digital data collection and its direct visualization,
allows physicians to discuss PRO results with patients during consultations (i.e., joint
reflection on the treatment and its impacts on the patient’s HRQoL). By covering
various dimensions of generic health—in the case of generic PROMs—or disease-
specific symptoms—by disease-specific PROMs—, the physician can discuss health
issues in a structured manner [23, 24]. Also, the fact that such innovative dashboards
allow physicians to visualize PRO graphs and discuss these directly with patients
enhances the basis for effective communication [25]. As PROs become part of
consultations, their visualizations of past assessment scores or peer-group
comparisons substantiate patient-physician exchange. A possible scenario might be
that the patient remembers the development of the HRQoL differently from what was
indicated some months ago. The physician can intervene and explain that the patient’s
perception of the HRQoL development might be biased and that the actual
development was better or worse. The same applies to peer-group comparison, where
PROs enable more comprehensively estimating whether a patient is performing
similarly to the peer group or exhibits outlier values. Dashboard-based PRO
visualization allows the physician to moderate the patient’s health status more

effectively. Patient-physician interaction can also provide a basis for readjusting
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treatment choices based on changes in the patient’s HRQoL, and thereby counteract
LVC.

In summary, Chapter 4 indicates how PROs can be adopted to enhance their use in
clinical practice. PROs provide the physician with a more profound understanding of
the patient’s perceived health status. Based on these insights, decisions on treatment
adaptions can be made to increase quality of care and avoid LVC. The tool proposed
in S6 is a clinical dashboard that includes PROs and other data to strengthen the
informative value of PROs as it allows physicians to contextualize them. Clinical
dashboards and their PRO visualizations can also accentuate patient-physician
interaction by collecting HRQoL data in a structured way and by facilitating joint
discussion. As such, dashboards enable physicians to relate HRQoL changes to
treatment changes and to assess with patients whether they are satisfied with their
personal health and development over time. Lastly, clinical dashboards can integrate
PROs into running systems and, through facilitated use, make physicians more
efficient by providing a source of subjective patient data without additional collection
effort. As outlined in Chapter 3, regularly collecting PROs enables tracking HRQoL
changes over time, and thereby directly analyzing whether HRQoL improves or
deteriorates. Thus, if treatment improves medical values, but the patient feels no
improvement (e.g., due to side effects), this may indicate LVC. PROs encourage
physicians to discuss a patient’s HRQoL regularly during consultations and to adjust

treatment if needed.
Chapter 5: Factors influencing health literacy

Chapter 5 asked “Which factors influence a patient’s health literacy? ” (RQ4) because
patients are also responsible for preventing LVC in the healthcare system. As LVC
might be caused by patients’ inadequate treatment or medication adherence (see S2),
this chapter focuses on patient’s HL and associated factors. The ordinal logistic
regression analysis in Study 7 (S7) found that higher age and HRQoL (represented by
EQ-5D) significantly increase the likelihood of enhanced HL. This means that
HRQoL, measurable through PROMs, and HL are interrelated. Also, previous
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literature has found that a higher self-perceived quality of life is closely linked with
improved patient HL [26-28].

According to S7, HRQoL is the only variable that is significantly associated with HL,
which external factors might influence, with age being beyond external influence.
HRQoL is quantifiable through PROs, which provide a starting point for enhancing
HL. Given that higher HRQoL increases the likelihood for improved HL,
interventions should aim to maintain high HRQoL. This, in turn, strengthens patients’
HL which enables them to use health information and services more effectively while
promoting health and preventing disease [29, 30], and also averting patient-caused
LVC.

Digital health interventions (DHIs) enable continuously assessing HRQoL (measured
through PROs) and providing educational material to strengthen HL. On the one hand,
implementing DHIs allows physicians to remotely assess patients’ health status and
adapt treatments [32, 33]. On the other hand, patients can track their HRQoL
independently and access further health information [34]. Implementing DHIs
requires determining the requirements of different groups to tailor interventions to
user needs. S7 found that COPD patients with different HL neither report varying
difficulties in dealing with COPD nor request different symptom support. Rather, they
are almost aligned over the different HL states. These results show that a DHI (in the
case of COPD patients) need not be tailored to different HL to effectively support
users in dealing with their disease in daily life. Accounting for the similar desires of
COPD patients for daily support sets the basis for scalability across COPD patient
groups with different HL states and hence increases the chance of the DHI becoming

cost-effective.

In sum, collecting HRQoL allows physicians to better assess how patients perceive
their health status, a key indicator of HL. As discussed, strengthening patients” HL
might be further supported by implementing DHIs. The aim should be to develop
sufficient HL to ensure patients are more likely to adhere to treatment plans and thus

contribute to preventing LVC.
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6.2 Implications

Adopting a patient-centered perspective, as proposed by the framework presented
here, has implications for stakeholders in the Swiss healthcare system (Figure 6.2).
The recommended actions aim to reduce LVC by enabling physicians to consider the
patient’s perspective in a structured manner by collecting information through
PROMs. As shown, establishing PROs’ usefulness and adoption further enhances
their use in clinical practice. Improving patients’ knowledge of disease management
(assessed via HL) also helps reduce LVC. The next sections outline the implications

of the results for theory and practice.
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Figure 6.2: Key implications
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Chapter 2 proves that retrospective routine and claims data analysis enable identifying
LVC in the healthcare system under consideration of various contextual factors. This
finding has implications for physicians, patients, and policymakers. It means that
physicans will be able to assess whether treatment is medically indicated and what
outcomes are achieved. This more thorough evaluation may incentivize physicians to
follow guidelines on whether treatments are indicated or not, and by respecting the
individual context. This finding has twofold implications for patients: 1) Second
medical opinions can provide information on whether treatment is medically
indicated, and might even reduce costs while averting over- and under-treatment [35];
and 2) low treatment adherence is directly interrelated with negative medical
consequences. Therefore, patients should be encouraged to adhere to treatment plans.
Potential approaches include patient education [36], building a caring and supportive
environment [37], or providing supportive mechanisms in the form of mobile apps
[38]. Further, a third stakeholder group benefitting from these insights are
policymakers, who can orient themselves toward initiatives such as Choosing Wisely
[14] or Smarter Medicine [15] that recommend de-implementing certain treatments
under specific circumstances. To evaluate whether such de-implementation
recommendations reduce LVC, routine and claims data provide insights into the

impact of specific measures.

Chapters 3 and 4 have interrelated implications about enhanced usefulness of PROs
and adoption of PROMs. As gender disparities are observable in PROs, gender
differences, and their far-reaching implications must be considered when interpreting
the outcomes. Especially when PROs are based on weighted index scores (e.g., EQ-
5D), the potential for misleading implications becomes prominent. Failure to account
for gender disparities in these weighted scores can skew treatment outcomes and
effectiveness assessment. Awareness of existing gender differences in EQ-5D
dimensions leads physicians to more appropriately assess patients’ HRQoL.
Assessing individual dimensions is better suited to evaluating health status because
physicians can evaluate patients’ responses in terms of those dimensions while being

aware of gender differences.
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In contrast, physicians and other healthcare professionals need to consider index
scores to compare health improvement over time. For THA and TKA, especially male
patients exhibit better scores pre-surgery. One year post-surgery, however, no
significant gender differences are observable anymore. This implies that female
patients experience a larger improvement in HRQoL post-surgery than male patients,
raising the question of whether male patients undergo THA or TKA too early or
female patients too late. By considering PROs and collecting information on health
status improvement, future guidelines can be adapted based on the findings to

determine the ideal point to undergo surgery for patients by respecting gender.

The findings on MID stratification based on pre-surgery PRO scores have three
further implications: 1) Pre-surgery scores can be used to discuss expectations with
patients and illustrate which HRQoL can realistically be achieved post-surgery; 2)
patients with lower pre-surgery PRO scores must experience higher HRQoL
improvement to rate an intervention as a success; and 3) patients with higher pre-
surgery PRO scores can only benefit from lower HRQoL improvement due to the
intervention than patients with lower pre-surgery PRO scores. These insights
benchmark whether an intervention can be rated as successful and which post-surgery

scores are to be expected for individual patients.

The clinical dashboard proposed in Chapter 4 guides development process of
incorporating PROMs into clinical dashboards to enable the structured evaluation of
patients’ health status. Visualizing PROs provides a more robust basis for patient-
physician communication. The proposed design principles show that merely
considering PROs is insufficient and that further information is needed to
contextualize PROs. Chapter 4 has also highlighted that dashboard design principles
must not differ between episodes of care. This implies that dashboard developers
should consider these design principles when developing or building clinical
dashboards.

Chapters 3 and 4 also have implications for policymakers. To strengthen patient-
centered care in healthcare systems, the patient’s perspective must be evaluated

regularly. Regular and mandatory PRO collection by the NHS in Great Britain [39] or
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by the National Quality Registers (NRQs) in Sweden [40] could serve as role models
for adapting similar approaches in Switzerland. By considering patients’ insights and
experiences, healthcare policies may become more effective, efficient, and equitable.
Among others, considering PROs allows policymakers to assess the quality of
healthcare services. Tracking PROs enables identifying LVC (i.e., where healthcare
services are falling short) and taking data-driven decisions to adjust quality of care.
The aim should be to provide high quality of care where patients suffer no iatrogenic
harm, complications are prevented, and unnecessary costs can be kept to a minimal

level.

If an intervention was successful, the patient might still be dissatisfied with the
treatment outcome because too little HRQoL is gained. This HRQoL outcome may
then serve as a basis for physicians to discuss possible solutions with patients and try
to understand why objective and subjective treatment evaluations are misaligned [41].
Hartzler et al. [42] found that joint PRO evaluation enables meaningful patient-

physician discussions on HRQoL.

Chapter 5 implies that not only treatment should be considered in the healthcare
context. Greater emphasis should also be placed on preserving and enhancing health.
As HRQoL and HL are significantly associated [26—28], policymakers should
incentivize approaches to enhance HL and promote the importance of regularly
assessing patients’” HRQoL. The literature shows that sufficient HL is essential for
superior self-management capabilities [43]. Self-management capabilities allow
patients to cope with disease-specific symptoms and challenges [44], which will
positively impact HRQoL. Thus, enhanced self-management capabilities increase the
likelihood of treatment adherence and, in turn, reduce the likelihood of avoidable

adverse outcomes such as LVC.

In conclusion, the presented framework proposes identifying LVC in the healthcare
system and counteracting shortcomings by applying PROs on the physician and on
the patient level. The framework means that PROs provide a data-led basis for
structured communication about patients’ self-perceived health status and changes

through treatment. As LVC is also detectable from routine and claims data, the large-
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scale application of PROs might visibly reduce LVC on the system level because the
patient’s perspective is better accounted for. Not only physicians must avoid LVC but
patients must follow and adhere to treatment guidelines enabled by sufficient HL.
Else, without sufficient HL, patients can cause unintentionally LVC by not adhering
to treatment guidelines. Future research needs to prove whether PROs and regularly
assessing HL live up to the expectations of being gamechangers in making a patient-

centered approach reality and in sustainably reducing LVC.

6.3 Limitations

Apart from the study presented in Chapter 4, all studies in this dissertation are based
on quantitative analysis. A major limiting factor of these studies is data availability.
Routine and claims data were used to identify LVC. These data are routinely collected
by the Swiss government or by health insurances. Given the nature of the Swiss
healthcare and insurance market, no dataset comprises procedures, diagnoses, and
medical history. However, to determine LVC, including as many contextual factors
as possible leads to more precise results about the provision of LVC. S1 included
98.3% of all women who gave birth in Switzerland between 2014 and 2018. The
dataset encompasses information on diagnoses, procedures, and DRGs. However, no
information on these women’s medical history or personal preferences influencing
their chosen mode of birth was available. S2, by contrast, included patients’ medical
history, prescribed medication, and claims data. Nevertheless, applicable law prevents
Swiss health insurances from storing diagnosis- or procedure-related information.

Therefore, medication adherence had to be approximated.

Still, the findings of S1 can be considered representative because it included almost
all women who gave birth in Switzerland during the observation period. In contrast,

S2 relied on claims data of a Swiss health insurance with a market share of 10% [45].
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In 2023, 48 health insurances were registered in Switzerland 7 [46]. The market share
of the considered health insurance makes it rank among the largest in Switzerland. So
while the dataset is representative of Swiss health insurances, more accumulated data

from different health insurances would allow for more generalizable results.

Additionally, as discussed in Chapter 2, new approaches to identifying LVC are
needed. S1 and S2 explored specific settings, meaning that the proposed identification
approaches cannot be generalized. While this dissertation has identified LVC based
on routine and claims data, it has not presented a generalizable approach for

identifying various LVC practices.

Chapter 3 has presented approaches to enhancing PROs’ usefulness by considering
suitable interpretation mechanisms. However, the included studies deal with THA and
TKA, neglecting other episodes of care. Similar to previous studies [47-49], the
included studies show that gender differences are evident in PROs for THA and TKA.
However, further research is needed on whether these differences also exist in other
episodes of care. A first approach in this direction has been taken by Hertler et al.
[19], who highlighted gender differences in cancer treatment for PRO scores
concerning the dimensions of nausea, pain, and anxiety. Nevertheless, further studies
are needed to establish whether gender differences are systematically identifiable
independent of episodes of care or in how far responses differ for acute and chronic

conditions.

S6, the only qualitative research project in this dissertation, investigated PRO
adoption by incorporating PROs into clinical dashboards. This primary limitation of
S6 is only physician specialists were included. GPs were not included regardless of
their high impact on outpatient treatment. Therefore, for further validation, the
perspective and expectations of GPs should be considered further to challenge the

findings provided by physician specialists and software producers.

7 As reported by the Swiss Health Insurance Register, valid from October 1, 2023.
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Nevertheless, the identified design principles are derived from the two-step approach
—based on a scoping literature review and semi-structured interviews with software
producers and physicians. The chosen methodology aimed to imitate a real-world
scenario by interacting with two key stakeholder groups, who stated their
requirements and expectations for clinical dashboards incorporating PROMs to be

successfully adapted in the real world.

Chapter 5 investigated which factors influence patients” HL and focused on COPD
patients. The findings indicate that higher age and better HRQoL significantly
increase the likelihood for enhanced HL. However, the found relation might only be
valid for COPD patients. The association between HRQoL and HL has already been
addressed in the literature [26-28]. In contrast, the literature has found no clear
association between age and HL. Some studies report no significant association [50,
51], while others highlight a negative association between the two variables [26, 52].
However, whether these associations also hold for healthy people and episodes of care
other than COPD is questionable. Studies investigating this association in different
kinds of cancer such as head and neck cancer [53, 54], breast cancer [55], or prostate
cancer [56] reveal similar findings. Still, further research is required to confirm
whether HRQoL is generally significantly associated with HL or whether this is only

true for some specific episodes of care.

Besides the limitations discussed above, the most significant limitation of this
dissertation is the challenge to prove that PROMs might be an appropriate instrument
at both the physician and the patient level to sustainably reduce LVC. Although
PROM application might serve as a de-implementation intervention [23], this effect

needs to be validated by a large-scale project.

This dissertation has posited that more effectively considering the patient’s
perspective by applying PROMs will contribute to counteracting LVC. It has also
argued that scientific rigor is required to prove the direct impact of PROs on

counteracting LVC.
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Furthermore, studies are required to validate the impact of enhanced HL on reducing
LVC. Patients’ enhanced HL might foster a better understanding of the importance of

treatment adherence and act accordingly.

6.4 Outlook and recommendations for future research

This dissertation has developed a framework for reducing LVC by considering the
patient’s perspective. Nevertheless, it has only planted a first seed and further research
is necessary to grow this approach. On the one hand, the limitations of the individual
studies will help further enrich datasets and cross-validate research approaches to
refine the findings. On the other hand, the derived results and implications of the

included studies lead to novel and inspiring research proposals (see Figure 6.3).
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Figure 6.3: Recommendations for future research
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6.4.1 Recommendations derived from Chapter 2 (“Low-value care”)

Chapter 2 has demonstrated that LVC is detectable in routine and claims data.
However, as outlined in the Limitations, the introduced approaches to identify non-
medically CS and low medication adherence are context-specific. The goal should be
to provide guidelines on identifying LVC from routine and claims datasets. A step-
by-step approach could be introduced to facilitate LVC identification and to better

determine whether de-implementation interventions have the desired impact.

Another approach to facilitate LVC identification would be to enrich routine and
claims data with PROs and to evaluate whether the patient perceived a high enough
gain in HRQoL post-treatment. One role model of PRO collection could be the NHS
in Great Britain, which gathers PROs for selected treatments such as hip and knee
replacement on a routine basis [39]. Routine PRO collection aims to gather patients’
perceptions of NHS care effectiveness and complements existing information on
quality of care [57]. A similar approach is also taken by the Swedish NQRs [40],
where additional data types (routine data and PROM) enable objective and subjective
treatment evaluation. Although the NHS setting is specific to elective hip and knee
replacement, it is conceivable to introduce routine PROM collection for chronic
conditions such as cancer care. Objective medical outcomes and subjective
perceptions of treatment success might diverge. For example, in the case of prostate
cancer, tumor irradiation decreases tumor size; however, as a side effect, patients must
deal with urinary leakage, which negatively impacts HRQoL [58]. This raises the
question about whether objective value overcompensates HRQoL loss, and thus
whether treatment causes LVC. Therefore, supplementing routine data with PRO data
might enable identifying LVC even more explicitly by considering objective and

subjective evaluation criteria.

Currently, only retrospective analysis enables determining LVC. However, the aim
should be to build enough knowledge about which treatments or patient behavior lead
to LVC and thus enable pre-identifying potential LVC. Such an approach would lead
to better decision-making on whether treatment is needed and whether it will reach its

full potential. If treatment does not seem appropriate under certain circumstances or
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if the patient is unable to adhere to the treatment plan, timely countermeasures can be
taken to avoid LVC. Thus, shifting from retrospective analysis to prospective
forecasting would enable learning from past outcomes to predict future ones.
Exemplarily, such an approach would inform physicians whether a woman is prone
to give birth by non-medically indicated CS. Early countermeasures could then be
taken by having the woman participate in a midwife-led care program during
pregnancy, which would increase the likelihood of giving birth by SVD. Furthermore,
for patients suffering from a chronic disease such as COPD, early awareness of patient
medication adherence may lead physicians to take additional measures (e.g.,
providing educational material) to increase patients’ HL and self-management
capabilities. This, in turn, would raise awareness of the importance of good

medication adherence and its potential for avoiding hospitalized exacerbation.

6.4.2 Recommendations derived from Chapters 3 and 4 (“Patient-reported
outcome measures”)

Chapter 3 has provided insights into interpreting PRO results depending on the aim
of studying PRO data. Chapter 4 explored the integration of PROMs into clinical
dashboards. Future research efforts should focus on combining the insights of these
chapters: Chapter 3 provides a robust basis for PROM integration into clinical
dashboards (as proposed in Chapter 4). Nevertheless, the following requirements must

be strengthened before implementing PROMs in clinical dashboards.

One example of the intersection of Chapters 3 and 4 is the development of PRO alert
thresholds. On the one hand, appropriate threshold levels need to be determined [59].
This requires establishing guidelines for PRO alerts, such as whether alerts differ
between patient groups or according to specific preconditions. On the other hand,
implementing PRO alerts in clinical dashboards and the legal consequences must be
thoroughly considered. Regulations must clearly stipulate who becomes liable if an
alert is not sent out correctly or if the physician does not react to an alert and the
patient is harmed as a result. Furthermore, alert fatigue in healthcare professionals due
to too many irrelevant alerts should be avoided [60]. Thus, this dissertation opens up

avenues for further investigating alert threshold levels (as conducted for other aspects
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of PRO interpretation in Chapter 3). More research is required to include PRO alerts
into clinical dashboards and to evaluate their informative value once implemented in

real-world practice.

The investigated episodes of care in S3 to S5 concern THA and TKA. However, other
episodes of care were not analyzed. Future research therefore needs to examine
whether similar patterns concerning gender differences or interpretation, in general,
are observable across various episodes of care. One question meriting investigation is
whether acute (e.g., THA and TKA) and chronic (e.g., COPD) episodes of care are
interpreted differently. Especially for observing the progression of chronic diseases,
PROs might be an appropriate measure to regularly assess a patient’s HRQoL [61,
62]. However, the challenge here is to interpret the values correctly to enhance their

informative value and avoid interpretation bias.

Besides the enhanced usefulness of PROs by applying supportive interpretation
mechanisms, the real-world adoption of PROs in clinical dashboards needs to be
tested. S6 has only outlined a theoretical framework of which design principles need
to be considered when developing clinical dashboards incorporating PROMs. Given
that S6 was based merely on a scoping literature review and on semi-structured
interviews, a discrepancy might exist between what physicians wish for their daily
practice and what they need. Therefore, the proposed design principles need to be
tested to verify whether additional design principles are required or whether certain

design principles could also be de-prioritized.

6.4.3 Recommendations derived from Chapter 5 (“Health literacy”)

S7 revealed that age and HRQoL are significantly associated with HL. This finding is
limited to COPD patients and thus needs to be further verified for other episodes of
care. Nevertheless, the interconnection of HRQoL and HL offers excellent potential
for improving patient care. As these concepts are closely interrelated—one measures
patient well-being, the other the patient’s ability to effectively access and navigate
healthcare services—, they may be used to enhance health outcomes and optimize

healthcare services. Improving health literacy can empower patients to make informed
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decisions, access care, effectively communicate their needs, and adhere to treatment

plans, ultimately leading to better quality of life.

A potential approach to improving HL involves applying DHIs where educational
material and advice on reducing symptom burdens can easily be shared. Interestingly,
S7 outlines that patients—independent of their HL state—wish to have the same
support mechanisms (e.g., COPD coping advice, exercises to alleviate COPD
symptoms, and comparing their health status with average COPD patients). Thus,
future research should strive to establish a DHI incorporating the proposed support
mechanisms. It also needs to investigate the state of HL, and whether the developed
DHI can sustainbably increase HL. Furthermore, the link of increased HL on HRQoL
needs to be explored further, as well as whether such a DHI can increase treatment

adherence—and thereby reduce LVC long-term.

6.5 Closing remarks

As its title suggests, this dissertation proposes a blueprint for reducing LVC by
leveraging the potential of PROs and patients” HL. For physicians, PROs are a
communication tool that enables assessing patients” HRQoL. Consequently, treatment
decisions will no longer need to be based solely on medical grounds but also on the
patient’s specific health status. LVC thus becomes potentially avoidable as additional
factors, based on the patient’s perception, will also be considered. Nevertheless, using
PROs to reduce LVC needs to be further researched. One fruitful approach might
involve tracing whether considering PROs leads to different treatment decisions
compared to non-consideration and whether PROs have the potential to sustainably
reduce LVC.

Additionally, enhanced HL should enable patients to better access healthcare
information. Patients’ self-management capabilities can be improved if they better
understand their disease. This, in turn, will make patients more effectively adhere to
treatment plans and medication intake. Future research should investigate how HL

relates to averting LVC. If such an association is measurable, further measures can be
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developed to increase patients’ HL, thereby leading to fewer adverse outcomes, and

fewer avoidable costs.

In conclusion: This dissertation has emphasized that both physicians (as
representatives of the healthcare system) and patients are responsible for reducing
LVC. It has shown how utilizing PROMs and assessing patients’ HL can contribute

to achieving this important goal.
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