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Abstract

The health status of an individual is increasingly recognised as having the potential to
affect the health and well-being of a cohort of ‘significant others’, primarily
encompassing their caregiving and non-caregiving family members. Healthcare
interventions that improve the lives of patients may, therefore, also offer benefits, beyond
those intended, to this wider network. When these ‘health spillovers’, which may result
from the health condition, intervention, or both, are accounted for in health economic
evaluation, they have often been shown to be consequential to the resulting funding
recommendations. However, health spillover inclusion in cost-effectiveness analysis
remains uncommon. This omission appears to relate to a range of calls for caution in
incorporating spillovers, owing to: their non-trivial quantification, the challenge they
present to the allocative justice of healthcare decision making, and the current lack of

methodological guidance to inform incorporation efforts.

Accordingly, this thesis seeks to address each of these concerns directly, and in doing so,
assess the extent to which an individual's serious illness impacts upon the health of their
family members, and establish how such estimates might be incorporated consistently
and equitably into health economic evaluation. Four specific goals, aligned with this
overarching objective, form the basis for the four separate essays contained within the

thesis.

Given that health spillovers are thought to exert a psychic or emotional toll among both
caregiving and non-caregiving family members, Chapter 2 considers the relationship
between serious family illness and the mental health of family members, independent of
their caregiving experience. The analysis makes use of Irish EQ-5D-5L population
normative data to examine the independent association between experience of serious
family illness and various dimensions of health-related quality of life, including anxiety
and depression. To do so, it combines inverse probability weighting and multivariate
ordered probit regression in a doubly robust estimation of this relationship. Experience
of serious family illness is observed to be strongly associated with mental health
decrements that are independent of caring responsibilities and various other personal,
household, and socioeconomic characteristics. The estimated decrements are also shown

to be consistent with serious family illness leading to an average reduction of 1.3% in



health utility for non-caregiving family members, implying deteriorations in population

health beyond those more overtly attributable to serious illness.

There is, however, little in the way of methodological guidance informing how such
spillovers are to be accounted for in the economic evaluation of healthcare interventions.
To address this gap, Chapter 3 describes the proceedings and consensus
recommendations of the Spillovers in Health Economic Evaluation and Research task
force. These recommendations, developed via modified nominal group technique, seek
to inform the health economics and outcomes research community on emerging good
practice in incorporating family and caregiver health spillovers into cost-effectiveness
and cost-utility analysis. The chapter delineates 11 consensus recommendations for
emerging good practice currently, and in view of the still-nascent evidence base, 12

avenues for future research.

One of the described priorities for future research relates to the distributional impacts of
spillover inclusion in economic evaluation, which may challenge the equity of resource
allocation decisions. Thus, Chapter 4 presents a novel approach to spillover inclusion in
health economic evaluation which, by employing a ‘prioritarian transformation’ of health
gains, offers one means of moderation of these distributional impacts. The chapter
introduces a normative, theoretical perspective to a predominantly empirical extant
literature, describing the axiomatic basis for the method, and its application via an

illustrative example.

In light of the importance of the parent-child dyad amongst family relationships, and a
requirement for spillover quantification across the spectrum of disease, the final essay
focusses on the estimation of maternal mental health spillovers associated with various
forms of child illness/disability, this time employing longitudinal data and a system
Generalized Method of Moments approach. Evidence of substantial mental health
spillovers is observed among mothers of children experiencing chronic mental and
behavioural disorders, nervous system disease, or endocrine system disease. The results
also indicate that, in general, spillover magnitude is strongly related to the severity of the
illness/disability. An extension to the main analysis considers how spillovers might vary
depending on the level of household deprivation, and suggests that spillovers likely

manifest to a greater extent in families that are financially deprived.

Xi
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1 Introduction

1.1 Research Context

Rarely, if ever, do people live as ‘isolated individuals’ (Basu and Meltzer, 2005; Brouwer
et al., 2010). Rather, they act as social beings in the context of their interactions and
relationships (Becker, 1974; Culyer, 1971, 1989; Culyer and Simpson, 1980; Jacobson,
2000; Lathe et al., 2024). One person’s health and illness experience, therefore, has the
potential to affect the health and wider welfare of those close to them (Henry et al., 2024;
Wittenberg and Prosser, 2013). Specifically, these ‘health spillovers’ have been shown
to occur among persons “caring for” and “caring about” the affected individual (Bhadhuri
et al., 2017; Bobinac et al., 2010, 2011), originating from their emotional response,
adaptation of their attitudes and behaviours, and changes in the level of informal care

provided by caregivers (Scope et al., 2022).

Healthcare interventions that improve the lives of patients may, therefore, offer wider
benefits, beyond those intended, to a network of family members and “significant others”
(Al-Janabi et al., 2016b; Bobinac et al., 2010; Canaway et al., 2019; Francetic et al.,
2022). When these unintentionally imparted impacts (Muir and Keim-Malpass, 2020) are
accounted for in health economic evaluation, the implications of their inclusion for the
incremental cost-effectiveness ratio (ICER) have often been shown to impact funding
recommendations (Lavelle et al., 2019a; Lin et al., 2019; Scope et al., 2022; Wu et al.,
2020). As such, there have been many calls for the inclusion of the wider health effects
of interventions in analyses, which may alternatively be thought of as ameliorated or
prevented impacts of illness (Al-Janabi et al., 2011b; Brouwer, 2019; Brouwer et al.,

1999; Pennington et al., 2022; Weinstein et al., 1996).

Indeed, guidelines specifying how economic evaluations should be conducted now also
acknowledge the need to incorporate spillovers (Brown et al., 2019). For example, while
the first iteration of guidelines by the US Panel on Cost-effectiveness in Health and
Medicine recognised that spillover effects could ‘ripple out’ from every intervention (or
program), they recommended only for inclusion of ‘important’ health-related quality of
life (HRQoL) spillovers in sensitivity analysis, where possible. In the main, this
recommendation reflected the limited data on family HRQoL at the time (Weinstein et

al., 1996). In contrast, the Second Panel on Cost-Effectiveness in Health and Medicine,
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convened in 2012, advocated for the inclusion of family/caregiver spillover effects in
reference case analyses for cost-effectiveness analysis (CEA) conducted from either a
health care or societal perspective (Neumann et al., 2016). The Second Panel did,
however, continue to acknowledge the methodological and data-related constraints

applicable to the incorporation of these spillovers.

Multiple regulatory agencies have echoed the recommendations of the Second US Panel
in their guidelines on the conduct of health economic evaluation and health technology
assessment (HTA) in advocating for health spillover incorporation into the reference case
or supplementary/scenario analyses (CADTH, 2017; HIQA, 2020; PBAC, 2016; SMC,
2022; Zorginstituut Nederland, 2016). For example, the UK National Institute for Health
and Care Excellence (NICE) recently reiterated a previous instruction to those preparing
evidence submissions, stating that “for the reference case, the perspective on outcomes
should be all relevant health effects, whether for patients or, when relevant, other people

(mainly carers)” (NICE, 2022).

Although this increased awareness as to the importance of health spillovers appears to
have developed relatively recently (Brouwer, 2019; Wittenberg et al., 2019), it has been
more than 50 years since the earliest consideration in the health economics literature of
the wider consequences of an individual’s health for the health and wider welfare of
others. Perhaps the earliest mention of health spillovers, as they are thought of today, can
be attributed to Lees (1967), who questioned the relevance of “the disutility felt by an
individual at the thought that others are not getting adequate medical care” to the political
economy of health services. Contemporaneously, but contrary to this position, the work
of Anthony Culyer argued that, via “interdependent utility functions” or ‘“caring
externalities”, healthcare consumption might generate welfare gains in others (Culyer,
1971, 1989; Culyer and Simpson, 1980). Although differing in opinion on the relative
importance of spillovers, these earlier texts accord in their focus on wider welfare, as

opposed to health.

In an effort to provide theoretical support for this interpersonal value of health, Lena
Jacobson (2000) extended the individualistic Grossman model of demand for health care
(Grossman, 1972) to show how other family members’ health is important for an
individual’s own health stock and for health care utilisation. In particular, she considered

each family member to be a producer of other family members’ health, as well as their
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own. As aresult, they receive investment and consumption benefits from investing in the
health of other family members. The family, therefore, invest in health “until the rate of
marginal consumption benefits equals the rate of marginal net effective costs of health

capital” (Jacobson, 2000).

As highlighted by Basu and Meltzer (2005), the Jacobson model was not without
limitation. In particular, they suggest it does not take transitions between family
structures into account or provide a guide for treatment choice while making an
investment in health, thus restricting the relevance of the model in informing CEA. They
build upon the work of Jacobson and others to establish a conceptual framework of utility
maximisation which corresponds to family well-being. The paper, first to employ the
term ‘spillover effects’ in the context of CEA (Grosse et al., 2019), adopts a welfarist
approach to spillovers, and shows how the appropriate benefits for CEA from a societal
perspective consist of effects extending beyond those accrued by the patient alone (Basu

and Meltzer, 2005).

Nevertheless, others have argued that restricting the conceptualisation of spillovers to
those onto health specifically increases their tractability in the context of the economic
evaluation of healthcare interventions (Al-Janabi et al., 2016b), given that health itself is
often the primary maximand in such analyses (Drummond et al., 2015). The more recent
framework proposed by Al-Janabi et al. (2016a) is, therefore, much more applied in
focus. It adapts the conventional CEA decision rule via multiplier effects to internalise
health spillovers in extra-welfarist economic evaluations. Thus, most attempts to quantify
and incorporate health spillovers into CEA focus solely on a measure of health output,
i.e., quality-adjusted life years (QALYSs) (Al-Janabi et al., 2016b). Indeed, along with
this narrower framing, the past two decades have seen a pronounced growth in the health
spillover research space (Wittenberg et al., 2019). A slew of more recent methodological
advances (Al-Janabi et al., 2022; Canaway et al., 2019; Hoefman et al., 2013), and a
multitude of other landmark publications (Holmes and Deb, 2003; Lavelle et al., 2014;
Wittenberg et al., 2019; Wittenberg and Prosser, 2016; Wittenberg et al., 2013a) have all
helped to foster the emergence of an extensive evidence base (as well as those
aforementioned increases in the level of attention paid to spillovers). This literature
describes an extensive range of spillover effects, including impacts on physical health

(Pinquart and Sorensen, 2007) and psychological well-being (Al-Janabi et al., 2016b;
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Cooper et al., 2007; Hearson and McClement, 2007; Henry and Cullinan, 2021).!
Moreover, spillovers have been observed in the context of a diverse range of specific
health conditions, including meningitis and septicaemia (Al-Janabi et al., 2016b),
influenza and flu vaccine-related complications (Prosser et al., 2005), various cancer
diagnoses (Basu et al., 2010; Jeon and Pohl, 2017; Wittenberg et al., 2019), autism
(Brown et al., 2019), opioid misuse (Wittenberg et al., 2016), and mental disorders such
as schizophrenia (Gupta et al., 2015; Lee et al., 2021). In addition, the extent of
caregiving (Bom et al., 2019) and the nature of the familial relationship (Lavelle et al.,
2014) have also been observed to moderate spillover size. While the number of empirical
health spillovers estimates in a form allowing for inclusion in CEA continues to grow
(Wittenberg et al., 2019), the tendency of spillovers to fluctuate across contexts, and in
terms of character, clearly motivates the need for further quantification, not only across
the disease spectrum, but also against the backdrop of differing familial
relationships/structures, socioeconomic circumstances, and cultural environs (McCabe,

2019).

Quantifying these impacts is, in itself, non-trivial and the employment of longitudinal
study designs is favoured (Dixon and Round, 2019; Pennington and Al-Janabi, 2023).
Yet, cross-sectional studies continue to account for much of the extant evidence in
relation to spillovers (Coe and Van Houtven, 2009; Dixon and Round, 2019). The limited
extent to which spillover can be accurately identified via cross-sectional study design has
raised concerns as to the accuracy of spillovers estimated on this basis (Dixon and Round,

2019; Pennington and Al-Janabi, 2023).

Beyond concerns regarding their accurate estimation, calls for caution in incorporating
spillovers also relate to the potential for unintended distributional impacts of such
inclusion, which may challenge the equity of resource allocation decisions (Dixon and
Round, 2019; McCabe, 2019). Although the potential for allocative justice to be
jeopardised by consideration of health spillovers in economic evaluation has long been
established (Al-Janabi et al., 2016a; Basu and Meltzer, 2005), recent commentaries on

the normative implications of their inclusion (Brouwer, 2019; Dixon and Round, 2019;

IResearch in other disciplines, such as sociology, has also long recognised the potential for “interpersonal

health effects” to propagate among family members (Christakis and Allison, 2006).
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McCabe, 2019) have brought the need to investigate the possible distributional

consequences of spillovers into sharp focus.

With little in the way of methodological guidance having been provided, a further
concern relates to the variation in methods employed in incorporating spillovers (Scope
et al., 2022). For example, in a recent commentary on the history and future of the
“ISPOR value flower” (where petals represent value aspects which may be overlooked
or underappreciated in “traditional” CEA), Neumann et al. (2022) highlighted family
spillovers as a “common but inconsistently used” element of value. Furthermore, in a
NICE review of methods for health technology evaluation (NICE, 2020), the ‘Task and
Finish group’ recommended against consideration of family quality of life (beyond the
main caregiver) in appraisals, indicating that the field is, as yet “too immature to

recommend including [family health spillovers] in analyses”.

Considering the challenges described above, the rationale for excluding spillovers from
decision-making is somewhat reasoned, although reductive of any progress made thus
far in the field. The counterargument is, however, equally if not more compelling.
Specifically, omission of health spillovers entails an implicit assumption that such health
benefits have “zero social value” which is, in itself, a normative position warranting
further scrutiny (Al-Janabi et al., 2016a). Moreover, some believe omission would be at
odds with the goal of health optimisation espoused by decision-making bodies (Brouwer,

2019).

Yet, health spillover inclusion in CEA is far from common practice (Al-Janabi et al.,
2016b; Lamsal et al.,, 2023a; Wittenberg et al., 2019), and the ongoing debates
surrounding the challenges of spillover estimation and incorporation (Brouwer, 2019;
McCabe, 2019) are likely to be a key contributory factor to the recalcitrant tendency
toward omission. However, the scope and methods of health economic evaluation have
broadened considerably in recent years, and clearly, spillover omission is incongruous
with this broadening evaluative scope. Hence, this thesis seeks to address the concerns
raised regarding the accurate estimation of spillovers, inconsistency in methods of
incorporation, and the equity of that incorporation. In doing so, it also seeks to encourage
the fair and judicious incorporation of spillovers in future analyses, where possible. The
following section delineates the research objectives of the thesis which accord with this

overall goal.
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Introduction

1.2 Research Objectives

The overarching objective of this research is to assess the extent to which an individual's

serious illness impacts upon the health of their family members and establish how such

estimates might be incorporated consistently and equitably into health economic

evaluation.

In addressing this broad objective, the thesis comprises four interrelated chapters, each

with their own specific aims:

1.

Consider evidence of health spillovers related to caring about a family member

with serious illness:

What dimensions of health are primarily impacted by experience of
serious family illness?

Are these decrements observed independently of caring responsibilities
and other factors?

Is there heterogeneity in the extent of spillovers on the basis of the sex of

the family member and/or household income?

Develop consensus guidance on the incorporation of family and caregiver health

spillovers in cost-effectiveness and cost-utility analysis.

What is emerging good practice, as informed by the opinions of subject-
matter experts, in accounting for health spillovers in the economic
evaluation of healthcare interventions?

Which topics comprise an agenda for future research with respect to

health spillovers?

Conceive of an approach to spillover inclusion in health economic evaluation that

allows the adverse distributional consequences and equity implications of that

incorporation to be addressed.

How might greater weight be afforded to the incremental change in patient
outcomes when including carer/family health spillovers in evaluations?
What is the theoretical basis for the proposed approach?

How is this approach applied in practice?

Employ longitudinal data in examining the extent of maternal mental health

spillovers related to various forms of chronic child morbidity given that spillovers
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in the context of the parent-child dyad have the potential to be especially
pronounced:
e How does spillover vary on the basis of the care recipients’ health
condition(s)?
e Is spillover magnitude related to severity of illness/disease?

e What are the related policy implications?

Thus, the thesis presents four discrete analyses, examining issues relating to the

estimation, incorporation, and equity implications of health spillovers.

1.3 Overview of Thesis

How one individual’s health and illness experience might extend to their family members
forms the focus for Chapter 2 of this thesis. Specifically, the chapter analyses EQ-5D-5L
normative data from a nationally representative sample of adult residents of Ireland to
estimate the independent relationship between serious family illness and five distinct
dimensions of health. The empirical strategy combines inverse probability weighting
(IPW) and multivariate ordered probit (MVOP) regression in a doubly robust estimation.
The results show that experience of serious family illness is associated with large mental
health decrements that are independent of caring responsibilities, while similar results
are not evident for the four other health dimensions. Furthermore, stratified sub-sample
analyses indicate considerable heterogeneity by sex and by income. The evidence
presented is consistent with larger mental health spillovers for females than for males, as
well as for low- and medium-income households relative to high-income households.
The latter suggests that such spillovers may be substantially worse for those with fewer
resources. Overall, the findings have a range of potential implications, including for the
provision of mental health supports and services, for equity of health outcomes, as well
as for health economic evaluation. For example, these estimates of health spillovers are
consistent with a 1.3% reduction in health utility for non-caregiving family members. A

paper based on this research was published in Social Science & Medicine in 2021.

Although Chapter 2 indicates that health decrements may extend beyond persons affected
by serious illness, there is little methodological guidance describing how such spillovers
are to be accounted for in the economic evaluation of healthcare interventions. Chapter

3, accordingly, details the consensus recommendations of the Spillovers in Health
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Economic Evaluation and Research (SHEER) task force, a group I convened and led as
part of this PhD, which seeks to provide consensus guidance to the health economics and
outcomes research (HEOR) community on the incorporation of family and caregiver
health spillovers into cost-effectiveness and cost-utility analysis. The chapter describes
11 consensus recommendations for emerging good practice and, given that the evidence
base relating to health spillovers remains limited and requires much development, 12
avenues for future research. A report based on this research was published in

PharmacoEconomics in 2023.

Chapter 3 highlights the potential for spillover inclusion to have consequences for the
allocative justice of healthcare provision and suggests that much research on the topic of
spillover equity weighting is required. Chapter 4, in presenting a novel approach to
spillover inclusion in health economic evaluation using a ‘prioritarian transformation’ of
health gains, describes one means by which these equity concerns may be addressed.
Affording greater weight to the incremental change in patient outcomes when
incorporating health spillovers into resource allocation decisions, the method allows for
moderation of the distributional impact of spillover inclusion. It also introduces a
normative, theoretical perspective to a largely empirical extant literature and, as such, its
axiomatic basis is examined. Finally, an illustrative example of the approach is presented
to demonstrate its application. A paper based on this research was published in Health

Economics in 2024.

Give that the parent-child dyad is central among family relationships, spillover effects
occurring in this context have the potential to be particularly pronounced. Thus, Chapter
5 employs dynamic panel models to estimate the extent of maternal mental health
spillovers related to various forms of chronic child morbidity. To corroborate the findings
of Chapter 2 and further investigate their context specificity, this analysis also considers
heterogeneity in these spillovers by household deprivation. The results provide evidence
of substantial mental health spillovers among mothers of a child with chronic mental and
behavioural disorders, nervous system disease, or endocrine system disease, though not
for other health conditions. They also show that spillover magnitude is strongly related
to illness/disease severity. Lastly, sub-sample analyses indicate that spillovers likely
manifest to a greater extent in families that are financially deprived. These findings give
added weight to calls for the inclusion of caregiver outcomes in health economic

evaluation, especially in the context of child health services. They also support consensus
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guidelines advocating for the collection of primary caregiver outcomes alongside patient
outcomes in clinical trials. A paper based on this research is under review at Value in

Health.

Chapter 6 then concludes the thesis, summarising the main findings and considering their
implications. This final chapter also discusses the overarching themes of the research,

limitations common across chapters, and possible directions for future work.

1.4 Thesis Outputs
Journal Articles

Henry, E., Cullinan, J., 2021. Mental Health Spillovers from Serious Family Illness:
Doubly Robust Estimation Using EQ-5D-5L Population Normative Data. Social Science
& Medicine, 279, 113996. doi:https://doi.org/10.1016/j.socscimed.2021.113996

Henry, E., Al-Janabi, H., Brouwer, W., Cullinan, J., Engel, L., Griffin, S., Hulme, C.,
Kingkaew, P., Lloyd, A., Payakachat, N., Pennington, B., Pefia-Longobardo, L. M.,
Prosser, L. A., Shah, K., Ungar, W. J., Wilkinson, T., Wittenberg, E., 2023.
Recommendations for Emerging Good Practice and Future Research in Relation to
Family and Caregiver Health Spillovers in Health Economic Evaluations: A Report of
the SHEER Task Force. PharmacoEconomics, 1-20. doi:https://doi.org/10.1007/s40273-
023-01321-3

Henry, E., Cullinan, J., 2024. Addressing the Distributional Consequences of Spillovers
in Health Economic Evaluation: A Prioritarian Approach. Health Economics, 33(4), 764-
778. doi:https://doi.org/10.1002/hec.4796

Journal Article Under Review

Henry, E., Cullinan, J. Maternal Mental Health Spillovers from Child Morbidity: A

Dynamic Panel Analysis. Under review at Value in Health.
Conference and Seminar Presentations

Henry, E., Cullinan, J. Mental Health Spillovers from Serious Family Illness: Doubly
Robust Estimation Using EQ-5D-5L Population Normative Data.

Presented at:
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e UK Health Economists’ Study Group, Winter 2021.
e Irish Economic Association Annual Conference, 2021.

e Novartis invited seminar, August 2021.

Henry, E., Al-Janabi, H., Brouwer, W., Cullinan, J., Engel, L., Griffin, S., Hulme, C.,
Kingkaew, P., Lloyd, A., Payakachat, N., Pennington, B., Pefia-Longobardo, L. M.,
Prosser, L. A., Shah, K., Ungar, W. J., Wilkinson, T., Wittenberg, E. Recommendations
for Emerging Good Practice and Future Research in Relation to Family and Caregiver

Health Spillovers in Health Economic Evaluations: A Report of the SHEER Task Force.
Presented at:

e UK Health Economists’ Study Group, January 2023.

e 7th EuroQol Academy Meeting, March 2023.

e Harvard Center for Health Decision Science Seminar, May 2023.

e Tufts Center for the Evaluation of Value and Risk in Health Seminar, May 2023.

e 18th Biennial European Conference of Society for Medical Decision Making,
May 2023.

e York Centre for Health Economics Seminar, July 2023.

e 15th International Health Economics Association World Congress on Health
Economics, July 2023.

e Erasmus School of Health Policy & Management Symposium (Spillovers in

Economic Evaluations: Research, Reflections and Recommendations), December

2023.

Henry, E., Cullinan, J. Addressing the Distributional Consequences of Spillovers in

Health Economic Evaluation: A Prioritarian Approach.
Presented at:

e Centre for Economic Research on Inclusivity and Sustainability Seminar, March
2022.
e European Health Economics Association PhD Conference, August 2022.

e ISPOR Europe 2022, November 2022.
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Henry, E., Cullinan, J. Maternal Mental Health Spillovers from Child Morbidity: A

Dynamic Panel Analysis.
Presented at:

e University of Galway PhD Seminar Series, February 2024.
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2 Mental Health Spillovers from Serious Family
Illness: Doubly Robust Estimation Using EQ-5D-
5L Population Normative Data?

2.1 Introduction

Health spillovers have been shown to vary substantially, not only in how they occur, but
also in terms of their possible manifestations. For example, as described in Chapter 1, the
physical and mental strain of “caring for” an ill or disabled relative may impose a health-
and quality of life-related burden on the caregiver (Bhadhuri et al., 2017; Brouwer, 2006).
In addition, health spillovers may also exert a psychic or emotional toll on both
caregiving and non-caregiving family members, as a result of “caring about” the person
(Al-Janabi et al., 2016b; Bhadhuri et al., 2017; Bobinac et al., 2010, 2011). This suggests
that the conceptualization of health effects should extend beyond the individual to those
physically present and/or emotionally connected (Wittenberg et al., 2013b). Thus, in this
chapter, I consider the relationship between serious family illness and the mental health
of family members, independent of their caregiving experience. The complexity of these
potential consequences of serious family illness should not be understated. Indeed, while
spillovers are often thought of in deleterious terms, beneficial impacts related to
gratification, interdependence, and joy have also been described (Wittenberg et al.,
2013b). Notwithstanding the possibility of positive spillover effects, the emerging
evidence generally implies a considerable component of disease burden may go
unaccounted for (Wittenberg and Prosser, 2013). Of particular note are the potential
impacts of health spillovers on the common mental disorders. With the World Health
Organisation (WHO) estimating that depression and anxiety account for 7.5% and 3.4%
of all years lived with disability respectively, the consequence of these disorders, in terms

of lost health and economic costs, is substantial (WHO, 2017).

Given all of this, this chapter uses nationally representative data on adults resident in
Ireland to examine the independent association between experience of serious family
illness and various self-reported dimensions of HRQoL, including anxiety and
depression. In particular, it combines IPW and MVOP regression in a doubly robust

estimation of this relationship. The analysis is motivated by discernible gaps within the

The research in this chapter is published as Henry and Cullinan (2021).
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extant literature. Until recently, empirical research on health spillovers had focused
mainly on spillovers among informal or unpaid family caregivers within specific
population sub-groups, with less research on spillovers among the broader network of
non-caregiving family members, at a population level, or on differences across groups
(Al-Janabi et al., 2016b; Lavelle et al., 2014; Pacheco Barzallo, 2018; Wittenberg and
Prosser, 2013). With the preponderance of evidence on spillover effects relating to
neurological conditions such as Alzheimer’s and other forms of dementia, followed by
cancer (Wittenberg et al., 2019), some may query the applicability of estimates obtained
from these analyses in other illness contexts. In addressing these gaps, this research
makes a number of specific contributions: first, it presents nationally representative
evidence that experience of serious family illness is strongly associated with mental
health decrements that are independent of caring responsibilities and a range of other
factors; second, it shows that similar results are not evident for other dimensions of
health; third, it finds considerable heterogeneity by sex and by income in the relationship
between mental health and serious family illness; and fourth, it estimates the reduction
in health utility from serious family illness for both caregiving and non-caregiving family

members.

The chapter proceeds as follows: Section 2.2 describes the data used in the analysis, while
Section 2.3 delineates the doubly robust empirical strategy employed. The results of the
analysis are then presented in Section 2.4. Section 2.5 discusses these findings and their

potential implications. Section 2.6 concludes the chapter.

2.2 Data

Data from the Irish EQ-5D-5L Survey, 2015-16 (O'Neill, 2018) is used in this chapter.
EQ-5D is an instrument used to describe and value health and is commonly employed in
clinical trials, health surveys, and health outcome measurement (Forbes et al., 2017,
Pickard et al., 2007). The EQ-5D questionnaire measures HRQoL across five
dimensions:  mobility;  self-care; usual activities; pain/discomfort; and,
anxiety/depression (Brooks, 1996). The most recent iteration, the EQ-5D-5L, categorises
each dimension into five severity levels: no problems; slight problems; moderate
problems; severe problems; and, extreme problems/unable to (Herdman et al., 2011). It
describes 3,125 distinct health states and, for each, an index score anchored at 1 (full

health) and 0 (dead) is calculated using preference data (Drummond et al., 2015).
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The EQ-5D-5L descriptive system was recently used to capture the self-reported health
of a representative sample of 1,131 adult residents in Ireland by means of a computer-
assisted-personal-interview survey (Hobbins et al., 2018a). In addition to the EQ-5D-5L
questions, information was collected on a range of socio-demographic variables for each
respondent, as well as on their experience of serious illness in themselves, their family,
and in caring for others. The precise wording of the EQ-5D-5L and serious illness

questions are presented in Appendix A.

Definitions and sample descriptive statistics for the variables used in the analysis are
presented in Table 2.1. For the five dependent variables, which relate to the EQ-5D
dimensions, the moderate, severe and extreme/unable to categories are aggregated, due
to relatively small numbers of observations in some cells. Table 2.1 shows that, for
example, 13.8% of respondents indicated they were slightly anxious or depressed, while
8.2% indicated they were moderately, severely, or extremely anxious or depressed. In
terms of the serious illness variables, 33.2% of respondents indicated that they had
experienced serious illness in themselves, 69.8% that they had experienced serious illness
in their family, and 51.6% that they had experienced serious illness in caring for others.
The congruence of the proportion of respondents indicating ever having experienced any
serious illness in themselves (33.2%) with the 26.6% of respondents residing in Ireland
who reported currently having a long-standing illness or health problem in the 2016 wave
of the EU Statistics on Income and Living Conditions (EU-SILC) survey speaks to the
veracity of these figures (Eurostat, 2020).

It is important to note, however, that these serious illness questions do not put a
timeframe on when such experiences occurred, nor on their nature. Nonetheless, the
inclusion of questions relating to respondents’ experience of serious illness in themselves
or in caring for others allows us to control for two key contextual factors. Controlling for
an individual’s own health status is important since it has been suggested that people with
chronic or serious illness may cluster together in households (Wittenberg et al., 2013a).
In addition, by controlling for experience of serious illness in caring for others, health
decrements related to ‘caring for’ can be differentiated from those associated with ‘caring

about’ the individual with serious illness.
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Table 2.1 Variable Definitions and Sample Descriptive Statistics

Variable Categories/Definition %
Dependent Variables: EQ-5D Health Dimensions
Mobility = No problems in walking about 78.3
= Slight problems in walking about 12.6
= Moderate problems, severe problems or unable to walk about 9.0
Self-care = No problems washing or dressing myself 93.7
= Slight problems washing or dressing myself 4.8
= Moderate problems, severe problems or unable to wash or dress myself 1.5
Usual Activities = No problems doing my usual activities 80.8
= Slight problems doing my usual activities 11.2
= Moderate problems, severe problems or unable to do my usual activities 8.0
Pain/Discomfort = No pain or discomfort 59.5
= Slight pain or discomfort 23.9
= Moderate, severe or extreme pain or discomfort 16.6
Anxiety/Depression = Not anxious or depressed 78.0
= Slightly anxious or depressed 13.8
= Moderately, severely or extremely anxious or depressed 8.2
Independent Variables: Serious Illness
Serious Illness =1 if you have experienced serious illness in you yourself; 0 else 33.2
Individual
Serious Illness = 1 if you have experienced serious illness in your family; 0 else 69.8
Family
Serious Illness =1 if you have experienced serious illness in caring for others; 0 else 51.6
Caring
Independent Variables: Personal and Household Characteristics
Age = 18-44 years 41.9
= 45-64 years 36.3
= 65+ years 21.8
Female =1 if female; 0 else 62.3
Marital Status = Married/living as married 60.1
= Never married 23.6
= Divorced/separated/widowed 16.3
Number in = 17.8
Household = 28.4
= 17.7
= 19.5
= 11.5
=6+ 5.1
Children = 1 if children in household; 0 else 39.3
Urban =1 if living in urban area; 0 else 58.0
Independent Variables: Socioeconomic Characteristics
Third Level = 1 if individual has a third level education; 0 else 55.8
Employment Status = Full-time employed/self-employed 34.0
= Part-time employed/self-employed 14.9
= Home duties 11.0
= Retired 22.6
= Student 6.2
= Unemployed / long-term sickness / other 11.5
Annual Household = Low (< €30,000) 33.6
Income = Medium (€30,000 to €60,000) 32.6
= High (> €60,000) 33.8
Observations 1,131

Source: Analysis of data from the Irish EQ-5D-5L Survey, 2015/16 (O'Neill, 2018).
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In terms of other explanatory variables, the number of people in the respondent's
household is included since the health of both the family member with serious illness and
the respondent may be affected by common social support networks (Al-Janabi et al.,
2016b). Additional personal, household, and socioeconomic characteristics including
age, sex, marital status, children in the household, living environment (urban/rural), level
of education, employment status, and annual household income are also controlled for

in the econometric models. Details of these variables are also presented in Table 2.1.

2.3 Methodology

Tubeuf et al. (2019) describe three distinct methods of measuring spillovers: (1) direct
measurement of disutility among family members; (2) relative assessment of family
members’ utility by comparison to a control group; and (3) family member utility
estimation in a hypothetical scenario in which the patient is healthy and/or does not
require caregiving. Insofar as the approach employed here seeks to econometrically
model the self-reported HRQoL of respondents as a function of their experience of
serious family illness, it aligns most closely with the second of these categories. It should
be noted that while the term ‘spillover’ is often construed causally, here it is employed
as a label of decrement or disutility associated with serious family illness, given the
empirical approach. This is in keeping with previous literature on the topic (Bobinac et

al., 2011; Wittenberg et al., 2013a).

To examine the evidence of health spillovers from serious illness, MVOP models of the
EQ-5D health dimensions are estimated. In the case of ¢ outcomes, the MVOP model
can be specified in a g-equation seemingly unrelated regressions (SUR) system, where
for each individual i and outcome 7, the continuous latent variable Health;, denotes
underlying health in that particular dimension. The model consists of ¢ = 5 outcomes and
each latent health variable is expressed as a function of a vector of the three serious illness
variables (SI), a vector of personal, household, and socioeconomic characteristics (X) as
listed in Table 2.1, sets of parameters y,, and f3,, (which differ across equations), and an

equation-specific error term &; ,. That is:
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Mobility; = SLiy; + X;f1 + &1
SelfCare; = SLiy, + X, + €,
UsualAct] = Sl;ys + X;f55 + &3 [2.1]
Pain/Dis; = SLiy, + X;fBs + &4
Anx/Dep; = SLiys + X;fs + &; 5

In the MVOP model, ¢;,, is assumed to have a standard normal distribution, while
importantly, given the SUR nature of the model, the multivariate distribution of the error

term is multivariate normal with mean 0 and correlation matrix Q (i.e.,

{€i1) .., €5}~N(0,Q)) where:

1 piz = Pis
O 22]
Ps1 Psz2 .. 1

and pj represents the correlation between ¢; ; and ; ;. This set-up allows for unobserved
heterogeneity through potentially non-zero values of the off-diagonal elements of the
symmetric matrix (), by capturing the effects of common unobserved factors influencing

the underlying latent propensities.

In the main model, the relationship between each latent variable Health;, and
corresponding observed ordered variable Health; ,, which takes values equal to j, =

{1,2,3}, is given by:
Health;, = j, if§; _1, < Health;, <§; , [2.3]

where & denotes ‘cutpoints’ in the distribution of Health;,, and &y, and &3, are

normalized to —oo and +oo respectively.

In estimating MVOP models that include a range of control variables, the aim is to reduce
the likelihood that differences in the self-reported health of those with and without
experience of serious family illness reflect differences in other characteristics across
groups. That being said, to further reduce the impact of any systematic differences
between respondents in each group, a doubly robust estimator is employed by combining
the aforementioned MVOP models with inverse probability weights based on propensity

scores to increase the observational equivalence of those who have, and have not,
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experienced serious family illness (Neelsen and O'Donnell, 2017). The advantage of this
approach is that it guards against misspecification more effectively than the IPW or
regression alone, with the estimator being consistent as long as either the propensity score
or MVOP model is correctly specified (Kaiser and Schmid, 2016). Inverse probability
weighted estimators have previously been employed in conjunction with non-linear

models by Jones et al. (2006).

To calculate and apply inverse probability weights, the propensity score is first estimated

using a probit model, such that:
pi = Pr(T; = 1|1Xy) [2.4]

where T denotes experience of serious family illness (1/0) and X is a vector of covariates
included in the propensity score model. Estimated weights (W) that are applied to the
MVOP model are then calculated as the inverse of the predicted probability of

experiencing (or not experiencing) serious family illness, such that:

[2.5]

which implies that w; = = if an individual has experienced serious family illness and

=

i

A~

w; =

— if not.

Di

Curtis et al. (2007) state that, in general, candidate covariates for the propensity score
model may include those which might confound the relationship between treatment and
outcome. Others, however, advise that only those variables which are unaffected by the
treatment, or anticipation of treatment, should be used (Jones, 2007). As a result, the
weights are estimated on the basis of a propensity score model that includes all MVOP
model covariates, apart from the other serious illness variables. Nonetheless, to test the
sensitivity of the findings, weights derived from a range of propensity score models that
include varying subsets of controls are also applied. To assess balance between treatment
and control groups before and after fitting the propensity score model and applying
corresponding inverse probability weights, the standardised difference in covariates
across each group is estimated. In keeping with previous literature, absolute standardised
differences of below 0.10 are assumed to reflect good overlap (Kelleher et al., 2020;
Normand et al., 2001). All analyses presented were conducted using Stata/SE 16.1 (Stata
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Corp, College Station, TX). In particular, Roodman's (2011) cmp command is used,
applying inverse probability weights to estimate y, f, p and § in the MVOP models,

which allows for calculation of the relevant partial effects.

In addition to the main MVOP model, a number of extensions to the analysis are also
undertaken. For instance, it has been suggested that following application of inverse
probability weights, restricting the analysis to subjects with better overlap of covariate
distributions can also help to balance the groups being compared and, thus, improve
validity (Glynn et al., 2019). Therefore, following the methods of Stiirmer et al. (2010),
prior to estimating the weighted MVOP model, the sample is asymmetrically trimmed
by dropping observations in both treatment and control groups with a propensity score at
or below the 5" percentile of the propensity score in the group reporting serious illness
or with a propensity score at or above the 95" percentile of the propensity score in the

group not reporting any experience of serious family illness.

In addition, a number of sub-sample analyses are also considered. This is because
previous studies have found evidence of potential differences in the magnitudes of
spillovers by sex (Pacheco Barzallo, 2018), while others have suggested that they may
also differ by socioeconomic status (McCabe, 2019) (see Appendix B for an annotated
bibliography including further studies reporting differences in spillover magnitude by
sex, by income and by familial role). In particular, sub-sample analysis following
stratification of the full sample by sex (female and male) and by household income (low-

, medium-, and high-income households) are performed.

Based on personal correspondence with a member of the team of surveyors who gathered
the Irish EQ-5D-5L population normative data used in this chapter, it is believed that the
full sample likely includes a number of health care, social care, and other professionals,
who may perform caring or related roles outside of their family. Accordingly, in a further
extension to the main analysis, models excluding respondents who reported no
experience of serious illness in their family but experience of serious illness in caring for
others are estimated. The sample excluding these ‘formal carers’ (broadly defined) is also
employed in a five-level MVOP model, the partial effect estimates of which are
combined with health utility decrements from the five-level value set for Ireland
(Hobbins et al., 2018b). This allows us to calculate utility decrements associated with
experience of serious illness in the family and in caring for a family member. Finally, a

range of additional sensitivity and robustness checks are conducted — see Appendix E.
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2.4 Results
2.4.1 Main Analysis

The standardised difference in mean propensity score between ‘treatment’ (serious
illness in family) and ‘control’ (no serious illness in family) groups, before and after
application of weights, was 0.461 and 0.009 respectively, indicating good balance
between the two groups after weighting — see Table 2.2. The propensity score distribution
in the treatment and control groups is also suggestive of good overlap — see Figure C.1
in Appendix C. Details of other observed weighting characteristics and standardised

differences in covariate means are presented in Table 2.2.
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Table 2.2 Observed Weighting Characteristics and Standardised Differences in Covariate Means

Variable Categories Before IPW After IPW
Serious Illness Family -  Serious Illness Family - No  Std. Serious Illness Family -  Serious Illness Family -  Std.
Yes Diff. Yes No Diff.
Mean/% (SD) Mean/% (SD) Mean/% (SD) Mean/% (SD)

Propensity Score 0.711 (£0.094) 0.667 (£0.095) 0.461 0.697 (£0.097) 0.697 (£0.094) 0.009

Personal and Household Characteristics

Age = 18-44 years 39.5% 47.4% -0.158 41.9% 41.8% 0.002
= 45-64 years 39.9% 28.1% 0.252 36.4% 36.2% 0.003
= 65+ years 20.5% 24.6% -0.096 21.8% 22.0% -0.006

Female =1 if female 66.2% 53.5% 0.260 62.3% 62.0% 0.006
=0 33.8% 46.5% 37.7% 38.0%

Marital Status = Married/living as married 58.0% 64.9% -0.141 60.0% 60.0% 0.001
= Never married 25.0% 20.5% 0.107 23.5% 22.7% 0.017
= Divorced/separated/widowed 17.0% 14.6% 0.065 16.5% 17.3% -0.021

No. in Household =1 18.8% 15.5% 0.087 17.8% 17.6% 0.006
=2 28.3% 28.7% -0.009 28.2% 27.6% 0.013
=3 17.5% 18.1% -0.017 17.7% 18.0% -0.010
=4 19.1% 20.5% -0.033 19.5% 19.5% -0.001
=5 11.2% 12.3% -0.035 11.7% 12.0% -0.010
=6+ 52% 5.0% 0.010 5.2% 5.3% -0.005

Children =1 if children in household 38.4% 41.2% -0.058 39.3% 39.2% 0.001
=0 61.6% 58.8% 60.7% 60.8%

Urban =1 if living in urban area 58.0% 57.9% 0.003 58.0% 58.2% -0.003
= 0 if living in rural area 42.0% 42.1% 42.0% 41.8%

Socioeconomic Characteristics

Third Level =1 if individual has a third level education 56.3% 54.7% 0.032 55.5% 54.9% 0.011
=0 43.7% 45.3% 44.5% 45.1%

Employment Status = Full-time 31.3% 40.1% -0.183 33.7% 33.5% 0.005
= Home duties 11.7% 9.4% 0.075 11.1% 11.6% -0.016
= Part-time 16.5% 11.1% 0.156 14.8% 14.7% 0.003
= Retired 22.7% 22.2% 0.011 22.6% 22.4% 0.005
= Student 6.1% 6.4% -0.014 6.3% 6.6% -0.013
= Unemployed/long-term sickness/other 11.8% 10.8% 0.031 11.5% 11.2% 0.009

Annual Household =Low (< €30,000) 35.0% 30.4% 0.097 33.8% 33.9% -0.002

Income = Medium (€30,000 to €60,000) 32.6% 32.7% -0.004 32.6% 32.8% -0.004
= High (> €60,000) 32.4% 36.8% -0.092 33.6% 33.3% 0.006

Observations 789 342

Notes: Balance of respondent characteristics before and after applying inverse probability weights assessed using tebalance summarize. An absolute standardised difference of <0.1 was considered consistent
with reasonable similarity between groups. IPW, inverse probability weighting; Std. Diff., standardised difference.

Source: Analysis of data from the Irish EQ-5D-5L Survey, 2015/16 (O'Neill, 2018)
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Chapter 2 Health Spillovers of Family Illness

Table 2.3 presents estimated average partial effects for the three serious illness variables
from the main inverse probability weighted MVOP model. In terms of the key finding, it
is estimated that respondents who indicated experience of serious family illness were
12.2 percentage points (ppts) less likely to report not being anxious or depressed, 6.6 ppts
more likely to report being slightly anxious or depressed, and 5.6 ppts more likely to
report being moderately, severely or extremely anxious or depressed (see Table 2.3 and
Figure 2.1). Interestingly, similar independent associations were not found for the other
four dimensions of health, where all partial effects were practically and statistically
insignificant. Indeed, a key advantage of the weighted MVOP approach is that it allows
us to show that potential health spillovers are evident where they might be expected (e.g.,
serious family illness is independently related to increased anxiety/depression), but not
where one would not anticipate finding them (e.g., between serious family illness and an
individual’s self-care or pain/discomfort). This can be considered as a type of
falsification test in support of the presence of mental health spillovers. It is, however,
important to note that a similar pattern was not observed in relation to the serious illness

in caring variable, contrary to what might be expected. This issue is returned to below.

Full results for this model are presented in Appendix D for information. All values of P

are positive and statistically significant. This supports the use of an MVOP model and
implies that respondents with a higher propensity to report a problem in health dimension

Jj also have a higher propensity to report a problem in dimension k.
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Table 2.3 Estimated Partial Effects of Serious Illness Variables on
EQ-5D Health Dimensions

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort  Depression
Serious Illness Individual
No problems -0.161%** -0.087*** -0.188*** -0.171%** -0.077%**
(0.029) (0.016) (0.026) (0.033) (0.027)
Slight problems 0.077%** 0.064*** 0.089%*** 0.062%** 0.040%**
(0.014) (0.013) (0.014) (0.012) (0.014)
Moderate+ problems 0.084%** 0.022%** 0.100%** 0.109%** 0.037%**
(0.017) (0.006) (0.016) (0.023) (0.014)
Serious Illness Family
No problems -0.021 -0.007 -0.034 -0.032 -0.122%%**
(0.024) (0.012) (0.022) (0.030) (0.022)
Slight problems 0.010 0.005 0.016 0.012 0.066%**
(0.011) (0.008) (0.010) (0.012) (0.013)
Moderate+ problems 0.011 0.002 0.018 0.020 0.056%**
(0.013) (0.003) (0.012) (0.018) (0.010)
Serious Illness Caring
No problems 0.016 -0.009 -0.012 -0.027 -0.029
(0.024) (0.012) (0.021) (0.030) (0.023)
Slight problems -0.007 0.006 0.005 0.010 0.015
(0.011) (0.009) (0.010) (0.011) (0.012)
Moderate+ problems -0.008 0.003 0.006 0.016 0.014
(0.013) (0.004) (0.011) (0.018) (0.011)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious lllness Family, Serious Illness Caring, and
Serious Illness Individual from an inverse probability weighted multivariate ordered probit model of the EQ-5D health
dimensions. The control variables included in the model are Age, Female, Marital Status, No. in Household, Children,
Urban, Third Level, Employment Status, and Annual Household Income. Weights estimated on the basis of a propensity
score model including all MVOP model covariates, apart from the serious illness variables (Age, Female, Marital
Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household Income). Delta-
method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Figure 2.1 Estimated Partial Effects of Serious Family Illness on Anxiety/Depression
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Chapter 2 Health Spillovers of Family Illness

2.4.2 Extensions

In the first extension to the main analysis, the sample was trimmed to further augment
the observational equivalence of the treatment and control groups. The estimated partial
effects of serious family illness from the trimmed weighted MVOP model differ only
slightly from those from the main inverse probability weighted model (Table 2.4). In
addition, it is also interesting to note that the estimated partial effects from the weighted
and unweighted MVOP models are broadly consistent. As shown in Appendix E, all other
estimated partial effects for the three serious illness variables obtained from unweighted
and trimmed inverse probability weighted models were similar to those from the main
model.
Table 2.4 Multivariate Ordered Probit and Inverse Probability Weighted

Multivariate Ordered Probit Estimated Partial Effects of
Serious Family Illness on Anxiety/Depression

MVOP

Trimmed IP
Unweighted TP Weighted Weighted

Serious Illness Family

No problems -0.111%%* -0.122%%* -0.106***
(0.025) (0.022) (0.024)
Slight problems 0.059%** 0.066%** 0.057***
(0.015) (0.013) (0.014)
Moderate+ problems 0.052%# 0.056%** 0.050%***
(0.011) (0.010) (0.011)
Observations 1,131 1,131 932

Notes: The table presents estimated average partial effects for Serious lliness Family on Anxiety/Depression from
multivariate ordered probit models of the EQ-5D health dimensions. The presented estimated partial effects are from
unweighted, inverse probability weighted and asymmetrically trimmed inverse probability weighted samples. The
control variables included in the models are Age, Female, Marital Status, No. in Household, Children, Urban, Third
Level, Employment Status, and Annual Household Income. Where applied, weights are estimated on the basis of a
propensity score model including all MVOP model covariates , apart from the serious illness variables (4Age, Female,
Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household Income).
MVOP, multivariate ordered probit; IP, inverse probability. Delta-method standard errors in parentheses. *** p<0.01,
** p<0.05, * p<0.1.

Models using sub-samples relating to sex and to household income were also estimated
— results for anxiety/depression are presented in Table 2.5. For serious illness in the
family, the estimated partial effects are larger for females than males, suggesting larger
mental health spillovers for females from family illness. However, the opposite pattern
is found for serious illness in caring. For income, there are marked differences in partial

effects for family and the individual’s own serious illness by income group. Most
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notably, anxiety/depression spillovers from serious family illness are much larger for
respondents in low- and medium-income households, suggesting that mental health

spillovers may be substantially worse for those with fewer resources.

Table 2.5 Estimated Partial Effects of Serious Illness Variables on

Anxiety/Depression by Sex and by Income

Medium High
Female Male Low Income Income Income
Serious Illness Individual
No problems -0.070** -0.101** -0.111%** -0.089** -0.020
(0.033) (0.042) (0.052) (0.037) (0.048)
Slight problems 0.038%* 0.049%* 0.044** 0.046** 0.013
(0.018) (0.020) (0.021) (0.020) (0.032)
Moderate+ problems 0.033** 0.052%** 0.067** 0.043** 0.006
(0.0106) (0.023) (0.032) (0.020) (0.0106)
Serious Illness Family
No problems -0.157%** -0.073** -0.162%** -0.143%** -0.056
(0.028) (0.034) (0.047) (0.032) (0.039)
Slight problems 0.089%** 0.037* 0.068%** 0.080%*** 0.039
(0.017) (0.019) (0.023) (0.023) (0.028)
Moderate+ problems 0.068%** 0.036** 0.094*** 0.063*** 0.017
(0.013) (0.017) (0.027) (0.014) (0.012)
Serious Illness Caring
No problems 0.000 -0.083** -0.035 -0.032 -0.055
(0.028) (0.037) (0.046) (0.033) (0.039)
Slight problems -0.000 0.041%* 0.014 0.017 0.037
(0.015) (0.019) (0.019) (0.017) (0.027)
Moderate+ problems -0.000 0.042** 0.021 0.015 0.017
(0.013) (0.019) (0.027) (0.016) (0.013)
Observations 705 426 380 369 382

Notes: The table presents estimated average partial effects for Serious lllness Family, Serious Illness Caring, and
Serious Illness Individual on Anxiety/Depression from five separate sub-sample multivariate ordered probit models of
the EQ-5D health dimensions. The sub-samples include females, males, low-income, medium-income, and high-
income respondents. All models were weighted as per the main model of the analysis (weights estimated on the basis
of a propensity score model including Age, Female, Marital Status, No. in Household, Children, Urban, Third Level,
Employment Status, and Annual Household Income as covariates) except in the case of the high-income sub-sample,
which is unweighted to allow for model convergence. The control variables included in all five models are Age, Marital
Status, Children, Urban, Third Level and Employment Status. The sex-specific models also control for Annual
Household Income and No. in Household, while the income-specific models also control for Female. Delta-method
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Results from the sub-sample analyses by sex and by income group for the four other
health dimensions are presented in Appendix E. While there were some anomalous
findings, in general these results do not suggest differences by sex or by income for
serious family illness. This is not surprising, since Table 2.3 suggests no impact of serious

illness in the family on these dimensions in the full sample.
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Overall, 92 of the 1,131 respondents (8.1%) reported experience of serious illness in
caring for others, but not in their family. Sub-sample analysis conducted excluding this
group (a high proportion of which are likely to be ‘formal’ carers) indicates that the
estimated partial effects relating to experience of serious illness in family and in caring
for others are now similar in magnitude — see Table 2.6. Indeed, it may well be that the
likely inclusion of (unidentifiable) formal carers in the full sample analysis resulted in
the null finding for caring in Table 2.3 and that the results in Table 2.6 are more
representative of the overall population of non-formal carers. Both partial effect estimates
are also of comparable size to the estimated partial effect on anxiety/depression
attributable to respondents’ experience of serious illness within themselves. Moreover,
postestimation Wald tests reveal no statistically significant differences between the
estimated Serious Illness Individual coefficients for anxiety/depression and the estimated
coefficients of the Serious Illness Family and Serious Illness Caring variables. In
addition, considering that experience of serious illness in family and in caring are both
independently associated with anxiety/depression, but not with the other four dimensions
of health, the estimates in Table 2.6 further corroborate the falsification test interpretation

of the findings.
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Table 2.6 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health

Dimensions: Sub-Sample Analysis Excluding Formal/Non-Family Carers

Usual Pain/ Ancxiety/
Mobility Self-care Activities Discomfort  Depression
Serious Illness Individual
No problems -0.177%** -0.096%*** -0.190%*** -0.196*** -0.084***
(0.033) (0.018) (0.029) (0.037) (0.032)
Slight problems 0.084%** 0.072%** 0.088%** 0.068*** 0.042%**
(0.017) (0.015) (0.015) (0.013) (0.0106)
Moderate+ problems 0.093%** 0.024%** 0.102%** 0.128%** 0.042%**
(0.019) (0.006) (0.018) (0.026) (0.0106)
Serious Illness Family
No problems -0.004 -0.004 -0.033 -0.032 -0.073**
(0.030) (0.016) (0.028) (0.037) (0.030)
Slight problems 0.002 0.003 0.015 0.012 0.038**
(0.014) (0.011) (0.013) (0.014) (0.017)
Moderate+ problems 0.002 0.001 0.018 0.020 0.035%*
(0.016) (0.005) (0.015) (0.023) (0.014)
Serious Illness Caring
No problems -0.000 -0.010 -0.014 -0.022 -0.076***
(0.027) (0.015) (0.025) (0.034) (0.028)
Slight problems 0.000 0.007 0.007 0.008 0.039%***
(0.012) (0.010) (0.011) (0.012) (0.014)
Moderate+ problems 0.000 0.003 0.008 0.014 0.038%**
(0.014) (0.004) (0.014) (0.021) (0.014)
Observations 1,039 1,039 1,039 1,039 1,039

Notes: The table presents estimated average partial effects for Serious lllness Family, Serious Illness Caring, and
Serious Illness Individual from an inverse probability weighted multivariate ordered probit model of the EQ-5D health
dimensions. Respondents reporting no experience of serious illness in their family but experience of serious illness in
caring for others are excluded from this sub-sample analysis. The control variables included in the model are Age,
Female, Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household
Income. Weights estimated on the basis of a propensity score model including all MVOP model covariates, apart from
the serious illness variables (4Age, Female, Marital Status, No. in Household, Children, Urban, Third Level,
Employment Status, and Annual Household Income). Delta-method standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1.

In a further sub-sample analysis, conducted among respondents reporting no serious
illness in themselves (Appendix E), estimated partial effects for the dimension of
anxiety/depression were slightly smaller in magnitude but remained practically and

statistically significant.

Average partial effects calculated on the basis of MVOP models estimated following
application of weights derived from propensity score models including varying subsets
of controls are also presented in Appendix E. When applied weights are based on all

covariates of the main MVOP model, including the respondents’ own experience of
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serious illness, and their experience in caring for others (Table E2), the results are

generally accordant with those of the main analysis.

Finally, a model employing five-level versions of the dependent variables and the sample
excluding ‘formal’ carers was estimated (see Appendix E). Combining the estimated
partial effects from this model with health utility decrements from the EQ-5D-5L value
set for Ireland (Hobbins et al., 2018b) allows us to estimate the average utility decrement
associated with experience of serious illness in the family and in caring for others (Table
2.7). For example, it is assumed that serious family illness increases the probability of
slight, moderate, severe, and extreme anxiety/depression by 3.6 ppts, 2.5 ppts, 0.6 ppts,
and 0.2 ppts respectively. Based on Table 2 in Hobbins et al. (2018b), these health states
result in reductions in health utility of -0.08, -0.20, -0.54, and -0.65 respectively.
Weighting these reductions by the applicable predicted changes in anxiety/depression
levels from serious family illness, and then summing, results in a predicted overall
reduction in health utility of -0.012. The predicted reduction in health utility associated
with experience of serious illness in caring for others sums to -0.014. With a mean health
utility of 0.91 for those reporting no serious family illness in the O'Neill (2018) data, this
implies a percentage reduction of about 1.3%. Similarly, a mean utility of 0.91 among
those reporting no experience of serious illness in caring for others implies a percentage
reduction of approximately 1.5% associated with health spillovers related to caregiving.
Both of these disutility estimates are also of a similar magnitude to the
anxiety/depression-specific utility decrement associated with one’s own experience of
serious illness, -0.015, as shown in Table 2.7. It is important to note, however, that this
estimate likely represents an upper bound of the anxiety/depression-specific ‘direct’
disutility of illness experienced by respondents, since it will encapsulate both HRQoL
decrements related to the psychic toll of experience of any serious illness, as well as
decrements arising directly from any mental illness. It is also important to be aware that
this figure does not represent an estimate of the total ‘disutility’ associated with
respondents’ own experience of serious illness since this would require inclusion of the

weighted utility decrements applicable to the other EQ-5D dimensions.
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Table 2.7 Calculation of Anxiety/Depression-Related Health Utility Decrements

from Serious Illness

Anxiety/Depression
Anxiety/Depression  Related Reductions
Spillover Estimate in Health Utility
(60) ) MD*Q2) 95% CI
Serious Iliness Individual
Anxiety/Depression
Slight 0.042 -0.080 -0.003  [-0.006, -0.001]
Moderate 0.031 -0.202 -0.006  [-0.012,-0.001]
Severe 0.008 -0.535 -0.004  [-0.008, -0.001]
Extreme 0.002 -0.646 -0.001 [-0.004, 0.001]
Estimated health utility decrement -0.015
Serious Illness Family
Anxiety/Depression
Slight 0.036 -0.080 -0.003 [-0.006, 0.000]
Moderate 0.025 -0.202 -0.005  [-0.010, -0.001]
Severe 0.006 -0.535 -0.003 [-0.006, 0.000]
Extreme 0.002 -0.646 -0.001 [-0.003, 0.001]
Estimated health utility decrement -0.012
Serious Iliness Caring
Anxiety/Depression
Slight 0.038 -0.080 -0.003  [-0.005, -0.001]
Moderate 0.028 -0.202 -0.006  [-0.010, -0.002]
Severe 0.007 -0.535 -0.004 [-0.007, 0.000]
Extreme 0.002 -0.646 -0.001 [-0.003, 0.001]
Estimated health utility decrement -0.014

Notes: Sub-sample excluding formal/non-family carers employed in calculations. Individual level confidence intervals
calculated on the basis of multiplicands resulting from 1000 random draws from the probability distributions of utility
values from the Irish country tariff and multipliers resulting from 1000 random draws from the probability distributions
of the applicable 5L partial effect estimates.

2.5 Discussion

An analysis of the independent relationship between five separate dimensions of health
and serious illness is presented. The doubly robust estimation strategy finds evidence
consistent with results from Al-Janabi et al. (2016b), and Holmes and Deb (2003), in that
decrements associated with serious family illness that relate primarily to the dimension
of anxiety/depression are observed. The finding that decrements extend to individuals in
the broader family network is also in keeping with previous evidence (Al-Janabi et al.,
2016b). In differentiating between spillovers that arise from ‘caring for’ and ‘caring
about’ a family member with a serious illness, the results of this analysis also concur with
those of Bobinac et al. (2011). Moreover, the estimated magnitude of spillover disutility
related to caring for a family member with serious illness, -0.014, is remarkably similar

to an estimated utility loss of -0.015 reported by Davidson et al. (2008). It must be noted,

30



Chapter 2 Health Spillovers from Family Illness

however, that this previously reported estimate likely includes decrements related to both

‘caring for’ and ‘caring about’ the individual with serious illness.

In addition to the overall findings, there is also evidence of heterogeneity by sex and by
household income. The finding that estimated spillovers are considerably lower in high-
income households is particularly noteworthy. These results are in agreement with
previous reports from Holmes and Deb (2003) suggesting that economic distress can
reduce the family’s ability to psychologically cope with chronic illness. Although the
analysis does little to uncover the potential mechanisms behind this, these findings would
appear to provide empirical support for the suggestion by McCabe (2019) that those who
can afford respite care may carry a smaller burden in terms of HRQoL. Other possible
explanations include better access to health care and support services, an increased
capacity to navigate such services, and a greater ability to absorb labour market shocks

arising from serious illness.

A number of limitations to this analysis should be borne in mind. First, the data employed
is cross-sectional. As suggested in Chapter 1, cross-sectional study designs are limited in
their ability to accurately identify spillover. The model described in this chapter is, thus,
descriptive and estimates should be considered as independent associations rather than
causal effects (Dixon and Round, 2019). Indeed, even with application of a doubly robust
approach, there may be reasons to doubt that these observed associations are, in fact, true
spillover effects. For example, they could also reflect the unobserved confounding
influence of common environmental, economic, or genetic factors such as a genetic
predisposition to mental ill-health within the household. It is, however, important to note
that no evidence of such common influences in the other EQ-5D health dimensions are
found, as one might expect if this were the case. Nevertheless, research should look,
where possible, to employ longitudinal data covering the period before and after the

incidence of illness or injury. Such an approach is undertaken in Chapter 5 of this thesis.

In addition, the potential for inconsistencies in the interpretation of the serious illness
questions might also be cause for concern. For example, respondents could possibly
consider their own serious illness when asked about experience of serious illness in their
family or in caring for others. With that said, by enquiring about the individual’s own
serious illness experience immediately prior to the other serious illness questions, item
ordering is likely to mitigate the risk of such misinterpretation. Other limitations relate

to the data analysed. For example, the outcome measures and main independent variables
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of interest are self-reported and subjective. The analysis was also constrained by the
independent variables available for inclusion in the control set. Moreover, very limited
information on the extent, nature, and timing of the serious illness was available. For
instance, it is not known when the illness occurred, how long it lasted for, nor the degree
of closeness in the family relationship. As such, future iterations of the EQ-5D-5L survey
might inquire about serious illness experience with a greater degree of dimensionality.
Additionally, it would be beneficial to assess the face validity of the wording of these
questions prior to implementation. It should also be noted that certain spillover impacts
may evade the dimensions of the EQ-5D instrument (Wittenberg et al., 2013a). Novel
generic measures, which have been developed to capture quality of life more broadly, as

well as among caregivers, may be more suitable in capturing spillovers.

Nonetheless, if the independent associations observed in this analysis were to reflect a
causal relationship, they would suggest that serious family illness increases
anxiety/depression experience among non-caregiving family members. This is relevant
in many contexts, including increasing morbidity within aging populations, as well as the
recent COVID-19 pandemic, as it suggests the provision of mental health services and
supports may not be sufficient unless the increased demand related to spillovers is

accounted for.

Furthermore, the finding that spillovers may be moderated by household resources has
equity implications. For example, it suggests the possibility of a ‘vicious cycle’ whereby
poorer households, which tend to have poorer health outcomes, are more impacted by
health spillovers than richer households, potentially leading to more adverse economic
outcomes. Finally, there are also likely implications for CEA, especially in Ireland. To
our knowledge, this study is the first to present spillover disutility estimates in a sample
of the population of Ireland. Fitzgerald et al. (2018) had previously reported the caregiver
utility of Irish parents to young children with cystic fibrosis but employed the CarerQol-
7D instrument which includes non-health domains, making such findings incompatible
with CEA (Wittenberg et al., 2019). In keeping with other regulatory agencies, the most
recently published version of the “Guidelines for the Economic Evaluation of Health
Technologies in Ireland” from the Health Information and Quality Authority (HIQA)
recommends for inclusion of “all health benefits accruing to individuals” in the reference
case analysis (HIQA, 2020). This recommendation brings the applicability of the findings

of this chapter into even sharper focus.
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As alluded to in the introductory chapter, spillover inclusion in CEA is the subject of a
continued normative debate (Dixon and Round, 2019; Wittenberg et al., 2019). While
the findings of this analysis add to the evidence base informing the expansion of CEA to
include spillovers, they do not inform questions as to the appropriateness of such
expansions. Consensus on whether these impacts are “normatively justifiable” is needed
(Wittenberg et al., 2019), thus providing one important focus for Chapters 3 and 4 of this

thesis.

2.6 Conclusion

The estimates of spillover disutility contained within this chapter are consistent with
serious family illness leading to an average reduction of 1.3% in health utility for non-
caregiving family members, implying deteriorations in population health beyond those
more overtly attributable to serious illness. Thus, evaluation of disease burden, or the
effectiveness of interventions aimed at ameliorating such diseases, may be incomplete
without consideration of the full spectrum of effects on the individual and those around

them.
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3 Recommendations for Emerging Good
Practice and Future Research in Relation to
Family and Caregiver Health Spillovers in Health
Economic Evaluation®

3.1 Introduction

In spite of the various calls for the inclusion of spillovers in the economic evaluation of
healthcare interventions, evidence suggests that this is still far from common practice.
For example, a recent review of NICE evaluations revealed that only 3% of technology
appraisals included caregiver HRQoL (Pennington, 2020). Similarly, this tendency
toward omission was also observed by Scope et al. (2022), who reported just 40 of all
identified cost-utility analyses (CUAs) of patient interventions incorporating family
member QALYSs. In addition, a high level of methodological variation in those analyses
incorporating family QALYs has been noted, with a ‘“conspicuous need for
standardisation of methodologies” being emphasised (Scope et al., 2022). This view has
been echoed by Leech et al. (2022), in arguing for the establishment of “consensus
guidelines” to promote best practice in accounting for health spillovers, and Dawoud et
al. (2022), in calling for “consensus of academic opinion on appropriate methods” when

including spillovers in economic models.

Accordingly, as part of this PhD, I convened and led the Spillovers in Health Economic
Evaluation and Research (SHEER) task force. SHEER aimed to provide consensus
guidance to the HEOR community working in academia, regulatory agencies, HTA
bodies, the life sciences industry, and elsewhere on the incorporation of family and
caregiver health spillovers into CEA and CUA (for the remainder of this chapter, ‘CEA’
refers to both CEA and CUA). The task force also aimed to identify and explicitly
describe issues requiring additional evidence in order to inform a spillover research
agenda and future practice. With little published guidance on the incorporation of health
spillovers having been developed, these recommendations are framed as initial guidelines
for emerging good practice (Malone et al., 2020). The SHEER task force continues to
acknowledge that much additional research is required to develop good or best practice

guidance. Furthermore, it is hoped that these initial recommendations will act as a

3The research in this chapter is published as Henry et al. (2024).
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catalyst to wider public discussion of the issues presented and encourage innovation in
the field, advancing the science underlying the measurement and incorporation of
spillover effects, allowing stakeholders to arrive at a set of widely agreed-upon practices

(Berger et al., 2017).

The remainder of this chapter is structured as follows: Section 3.2 details the methods
used in developing this guidance. Section 3.3 presents the recommendations for emerging
good practice and future research. Section 3.4 discusses the overarching themes emerging
through task force interactions to date and the potential implications of this work. Section

3.5 concludes.

3.2 Methodology

To reach consensus on a set of recommendations on the incorporation of family and
caregiver health spillovers into CEA, SHEER implemented a modified nominal group
technique (mNGT). This structured small-group discussion approach, devised by
Delbecq and Van de Ven (1975), seeks to systematically measure and develop general
agreement or convergence of opinion on a given topic (Centers for Disease Control and
Prevention, 2018; Manera et al., 2019a; Manera et al., 2019b; McMillan et al., 2016). It
is one of the three most frequently used consensus methods in healthcare research,
namely, the nominal group technique, the Delphi method, and the RAND/UCLA
Appropriateness Method (Jones and Hunter, 1995; Raine et al., 2015). The nominal group
technique allows for a large number of ideas to be generated independently and
subsequently offers a platform for constructive discourse and debate (Centers for Disease
Control and Prevention, 2018; Murphy et al., 1998). Furthermore, the method seeks to
empower all participants to share their opinions, preventing dominant voices from unduly
influencing proceedings (Centers for Disease Control and Prevention, 2018). The
RAND/UCLA method, conversely, is not intended for idea generation and is chiefly
employed in assessing the appropriateness of medical or surgical procedures (Fitch et al.,
2000; Humphrey-Murto et al., 2017). The Delphi method limits opportunity for
discussion among participants (Humphrey-Murto et al., 2017), and while it has
previously been favoured in allowing inclusion of geographically dispersed respondents,
improvements in video conferencing software limit the continued saliency of this
advantage. Consensus studies will often refine components to achieve their specific aims

(Murphy et al., 1998; Raine et al., 2015), and thus, a number of phases of the nominal
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group technique were adapted to specific context of the task force, as described in Section

3.2.2.

3.2.1 Composition of the SHEER Task Force

Task force members were invited to participate on the basis of subject-matter expertise

(Hussain et al., 2022). This was broadly defined as an identifiable track record of:

e Peer-reviewed publication or presentation of research on the subject of family
and caregiver health spillovers and/or applied economic evaluation in areas such
as social care, dementia, paediatrics, etc. (i.e., those areas where family and
caregiver health spillovers are likely to be present) (Al-Janabi et al., 2021b;
Lavelle et al., 2019a; Lin et al., 2019); and/or,

e Involvement in the development or application of guidelines for applied

economic evaluation in the public or private sector.

Diversity of perspective has been described as critical in developing well-balanced
guidance with broad applicability (Malone et al., 2020). Insights were, therefore, sought
from a range of work environments and jurisdictions. The purposively sampled group
comprised 17 members drawn from academia (i.e., universities and research
institutes/organisations), regulatory agencies and HTA bodies (e.g., NICE and the Health
Intervention and Technology Assessment Program (HITAP)), and the life sciences
industry, working (or having worked) in Europe, North America, Australasia, and Africa.

The full membership of SHEER is detailed in Appendix F, Figure F.1.

3.2.2 Task Force Process and Interactions

The task force was convened in May 2022 and member inputs were initially sought in
developing the aims and objectives of SHEER, as well as in formulating an agenda to
address these aims. Multiple face-to-face interactions (in the form of video conferences)
were supplemented by an online discussion board, allowing members to share their
thoughts and ideas remote to the meetings. The programme of group interactions
culminated in three forum-style meetings (two item-generating meetings and one

corroborative meeting, relating to separate phases of the mNGT — see below).

The nominal group technique typically involves four phases: silent idea generation,
where participants silently reflect or record their individual ideas; round-robin recording

of these ideas (in this instance, primarily, recommendations proposed by members), with
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each participant sharing one idea from their list until all ideas have been shared;
discussion of the ideas by the group; and voting to assign priority to generated ideas
(Manera et al., 2019a; McMillan et al., 2016). The elements of the process adapted to this
context were threefold. First, the silent idea phase was expanded to incorporate an
informal evidence review (specific to each item of the agenda), voluntarily led by select
members, designated as ‘Section Leads’, working in conjunction with the SHEER
rapporteur (member appointed to report on task force proceedings). This evidence review
was shared with other members of the task force prior to the forum-style meetings, and
not only allowed for generation of ideas ahead of these meetings, but also ensured all
members were made aware of developments within the literature distinct to their own
specific area of research/expertise. Second, the round-robin recording of ideas and
discussion phases were held consecutively for each of the items of the agenda to allow
for discussion of applicable groups of proposed recommendations immediately following
their original suggestion. Finally, voting was held over two rounds, with the number of

rounds having been determined a priori.

Through the structured discussions at the forum meetings, as well as on the basis of
evidence identified during the review process, emerging good practice recommendations
were proposed and put to a consensus vote. Where the necessity for further investigation
was identified, recommendations for a future research agenda were also specified, and
priority rated by members. 14 emerging good practice and 11 future research
recommendations were voted upon in the first round. The results of the first vote (held
after the item-generating forum meetings) were presented and discussed at the final
(corroborative) forum meeting. This presentation/discussion entailed: a presentation of
round one descriptive statistics; determination of where consensus had been reached at
round one; and a summary of the comments and feedback of members provided during
the vote. The second vote was held immediately following this final meeting. The round
one distribution of votes and median score specific to each recommendation, as well as
member comments from the first vote and respondents’ personal votes, were provided to
each member individually at the second vote. Although the nominal group technique does
not allow for anonymity during task force discussions, anonymity was maintained during
voting, where members were reminded that their views did not need to conform to the
opinion of other members. All 17 members completed both rounds of voting. The vote

was conducted using Qualtrics, an online survey platform. Result collation and analysis
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were performed using Microsoft Excel (2020). This task force sought, where possible, to
conform to recommendations for demonstrating methodological rigor in consensus
methods from Humphrey-Murto et al. (2017). The steps in this mNGT are summarised
in Figure 3.1.

Task force May 2022
convened

\

Aims, objectives, and agenda
development

————————— + Set collectively by task force members

Section Leads: Hareth Al-Janabi, Werner

Brouwer, Lidia Engel, Pritaporn Kingkaew,

Nalin Payakachat, Becky Pennington, Lisa
Prosser, and Eve Wittenberg

Idea generation
1. Evidence review, voluntarily led by Section Leads
2. Silent idea generation (during item-generating forum meetings)

A
Round-robin recording of ideas and discussion by members
(during item-generating forum meetings)

A

mNGT
First-round vote }; _________________ December 2022

Y

Corroborative forum meeting} ————————————— { Discussion of first-round vote

A

Second-round vote % 7777777777777777 February 2023

Figure 3.1 Summary of the Process and Interactions of the Spillovers in Health Economic Evaluation and

Research (SHEER) Task Force. mNGT, modified nominal group technique.

3.2.3 Definition and Assessment of Consensus

Definitions of consensus were developed by task force co-chairs and subsequently agreed
upon by the wider membership. While consensus definitions vary across studies
depending on the aims/objectives of the research (McMillan et al., 2016), the definitions
of agreement were consistent with those most commonly employed in the literature

(Humphrey-Murto et al., 2017).

Members were initially asked to endorse a ‘reference perspective’ and a number of
working definitions to be included in the report. In this context, consensus was defined
as having been reached if 70% of respondents expressed their endorsement (yes/no

response) for the reference perspective and each definition. With regard to the proposed
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recommendations for emerging good practice, members were asked to score each in
terms of appropriateness (i.e., suitability as a guide to the conduct of CEA) on an 8-point
Likert scale, with 0 = inappropriate and 7 = most appropriate. Consensus on a
recommendation as appropriate for inclusion in this guidance was defined as having been
reached if 70% of member ratings fell within an ‘appropriate’ bracket which was defined
as a rating of 5 or above. Agreement on omission of recommendations was defined as
70% of ratings falling within an ‘inappropriate’ bracket of 2 or below). Where consensus
was not achieved on emerging good practice, recommendations are still mentioned in the
text of the report as indicative of issues that remain, as yet, disputed within the field.
Lastly, respondents were asked to assign priority to areas of future research, proposed
during any and all preceding task force interactions (0 = lowest priority, 7 = highest
priority). These proposed avenues for future research were then ranked based on the
proportion of ratings falling within a ‘high priority’ bracket (defined as ratings of 5 or

above).

In keeping with the definition of consensus, these guidelines represent a convergence
rather than unanimity of opinion. A synopsis of member discussions is contained in

Appendix H.

3.2.4 Report Compilation and Internal Review

The resulting consensus recommendation set and a supporting text (based on summaries
of the evidence review process and dialogue of group) made up the report of the SHEER
task force (Henry et al., 2024). Following incorporation of comments from members, the
document then underwent ‘internal review’ by a further group of subject-matter experts
and other stakeholders. Specifically, as the SHEER task force was acutely aware of the
importance of giving voice to the views of patients and families in health and social care
research, patient and caregiver representatives were invited to share their perspectives on
the recommendations as part of this review. Contributors were identified and recruited
through consultation with charitable organisations, caregiver advocacy groups, the Irish
Health Service Executive (HSE), and the PPI Ignite Network (a national network
developed to promote and advance the involvement of patients, caregivers and the public
in health and social care research in Ireland) (Horgan et al., 2022). An online meeting
was held with the patient and caregiver contributors to allow for presentation and

discussion of the various aspects of the consensus guidelines. Feedback and comments
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received during the internal review phase of the process were incorporated into the text

of the report prior to submission for publication.

3.3 Results

Table 3.1 presents the agenda of the task force, developed through preliminary meetings
and initial email correspondence of its 17 members. The agenda encapsulates the key
issues and common methodological challenges likely to be encountered by analysts

seeking to incorporate health spillovers into CEA.

Table 3.1 Agenda of the SHEER Task Force

No. Agenda item

Definition of family and caregiver health spillovers
When health spillovers should be incorporated into CEA
Outcome measurement

Sources of data: use of primary vs. secondary data
Aggregation methods

Outcome value weighting

Outcome double counting

0 N N L W~

Consistency in inclusion and reporting of spillovers

Notes: SHEER, Spillovers in Health Economic Evaluation and Research; CEA, cost-effectiveness analysis and cost-
utility analysis.

3.3.1 Reference Perspective

A ‘reference perspective’ is necessary in order to inform the basis for the definition of
health spillovers to be employed by the group, and to outline the context in which it is
envisioned that these recommendations will primarily be applied. With a view to
producing a practicable recommendation set, aligned with the primary aim of the task
force, it is proposed that this guidance focus on incorporation of family and caregiver
health spillovers (as defined subsequently) into CEA conducted from a healthcare/health
payer perspective. Such a perspective includes only those costs that fall under the
healthcare budget and only health effects as outcomes/benefits (Brouwer, 2019). The
healthcare/health payer perspective described herein is to be viewed as analogous to that
observed most commonly in a European context, where a single healthcare provider is
more likely to predominate in a given jurisdiction. It is important to note, however, that
in some contexts (e.g., the US), where there are multiple healthcare providers, health

costs and outcomes will most likely fall under the remit of multiple providers.
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3.3.2 Definition of ‘Family’, ‘Caregiver’ and ‘Family and Caregiver Health

Spillovers’

Working definitions of the terms ‘family’, ‘caregivers’, and ‘family and caregiver health
spillovers’ were considered essential given the multiplicity of meanings which may be
attached to each. All definitions contained within this chapter are colour coded in green.
The definition of ‘family’ below is deliberately far-reaching and, moreover, specific to
health economic evaluation, acknowledging that network composition and size will differ
within and across health, cultural, and other contexts. Yet, some measure of consistency
is required in order to make valid comparisons between evaluations, as the wider the

circle, the more ‘spillover effects’ are likely to be captured:

Family is defined as a network of persons encompassing parents, children (whether biological,
adopted, or otherwise), siblings, spouses, partners, and other ‘close persons’ (which may include
extended family and/or friends) residing inside or outside an individual's household, all of whom
have been shown empirically to experience spillover effects, though in different health contexts and

to differing degrees.

Similarly, caregivers include those who provide informal (frequently unpaid) care (e.g.,
help/support with personal care, household activities, practical support, and supervision) to
someone needing care due to a health condition, inside or outside their household, regardless of

relationship or level/nature of care.

Linked with these definitions, and focusing on the impact of an individual’s illness on
others’ HRQoL, the following working definition of ‘family and caregiver health

spillovers’ has been endorsed by the task force:

For the purposes of this guidance, family and caregiver health spillovers, in the context of CEA,
consist of the impact of an individual’s health status on family members’ and/or caregivers’
HRQoL, both positive and negative. Specifically, these wider impacts may result from the
individual’s health condition(s) (e.g., the effect of caring for and/or about the affected individual —

or ‘patient’), or the intervention(s) targeting the health condition(s), or both.

Although we focus on CEA in this guidance, regarding other forms of economic evaluation, family
and caregiver spillovers comprise the impacts of an individual’s health status on any family member
and/or caregiver outcomes considered relevant to the analysis. As previously, these wider impacts
can be both positive and negative, and can result from the individual’s health condition(s) or the

intervention(s) targeting the health condition(s), or both.
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This definition, purposely restricted to encompass only health spillovers onto family and
caregiver HRQoL, does not negate the potential for impacts among persons outside this
group, but rather focuses, for practical purposes, on those for whom the effects are
anticipated to be largest. Deciding who is included or not will inevitably require some
discretion on the part of the analyst, and likely depends, at least in part, on the health
condition and age of the patient. Where there is ambiguity, sensitivity analyses with a
wider/narrower set of included individuals may be undertaken (see recommendation 7 in
relation to emerging good practice). As economic evaluation compares different
interventions, it also important to note that the effect of the intervention on the
caregiver/family member may arise through a change in the patient's health status and/or
via another pathway (Al-Janabi et al., 2019). For example, an ‘organisational
intervention’ to discharge patients from hospital earlier is likely to affect family
caregivers by shifting the location of care to the home and increasing the amount of

informal care provided, rather than by changing the patient’s health status.

3.3.3 Emerging Good Practice and Related Future Research Recommendations

The succeeding sections detail 11 consensus recommendations for emerging good
practice and 12 in relation to future research. The emerging good practice
recommendations are summarised in Table 3.2, with their full text being presented
thereafter. Both Table 3.2 and the recommendations for emerging good practice are
colour coded in blue. As mentioned, a supporting text, expanding upon the discussions
of the task force and the evidence review, accompanies the recommendation set. Where
relevant, applicable recommendations for future research are highlighted in red. Table

3.3 (also colour coded in red) outlines these and other avenues for further study.

The full results of the second-round vote are included in Appendix G. Consensus was not
reached as to the appropriateness of two proposed emerging good practice

recommendations; none of the proposed recommendations were deemed inappropriate.
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Table 3.2 Summarised Consensus Recommendations for Emerging Good Practice

No.

Summary of recommendation

1

10

11

While this task force seeks primarily to inform the conduct of CEA from a healthcare/health payer
perspective, family and caregiver health spillovers should also be included in economic evaluations from
a societal or public sector perspective.

If opportunity costs within the healthcare sector are explicitly considered, health spillovers related to

displaced/foregone activities should, ideally, also be considered.

The distributional consequences of inclusion (or omission) of health spillovers in CEA should be

considered.

Health spillovers should be measured over a time horizon sufficient to capture all relevant impacts of the

health condition(s)/intervention(s), in as balanced and accurate a manner as possible.

(a) Where specified, adhere to the jurisdiction’s HTA guidelines on outcome measurement among family

and caregivers unless it is empirically demonstrated that another method of measurement is more

appropriate.

(b) Consider the use of the same measure for spillover and patient outcomes if the aim is to aggregate

both in the analysis. Be mindful of how spillover outcomes are to be compared to outcomes related to

displaced/foregone activities.

(c) Where outcome measures differ consider employing cost-consequence analysis.

Collect primary data where possible, using secondary data sources when primary data cannot be collected,

justifying the use of that secondary data.

Step 1  Spillovers should be estimated (a) among specific caregivers and other family members (parents,
siblings, grandparents, etc.) OR (b) for the ‘closest” network member and second ‘closest’
network member.

Step2 QALY gains/losses should be reported separately for patients and caregivers/family members.

Step 3  Spillovers should be aggregated with patient effects via additive summation.

Step 4 Sensitivity analysis should supplement the reference case.

Equal weighting should be applied to all impacts of the health condition and/or intervention (be they

patient or spillover health impacts), unless empirical evidence suggests that the decision-maker and/or

society value family/caregiver outcomes differently than those of the patient in the context under
investigation.

Consider and discuss the extent of the risk presented by double counting, given the measurement

technique employed (direct or indirect), flagging this as a potential source of uncertainty or bias.

An explicit statement of assumptions about spillovers should be made. CEA should be presented in a way

that enables methods of incorporation, data sources, and results to be clearly discernible.

Characterise and present the uncertainty surrounding spillover estimates, together with an assessment of

implications of that uncertainty.

Notes: CEA, cost-effectiveness analysis and cost-utility analysis; QALY, quality-adjusted life year.

3.3.3.1 When to Incorporate Health Spillovers Into CEA

There are two main schools of thought in this context, which relate to commonly
espoused viewpoints in economic evaluation — often phrased as ‘perspective’ (YHEC,
2016). Under the healthcare/health payer perspective the goal of the decision-maker (to
be informed by the economic evaluation) is typically assumed to be to maximize health
from a fixed budget (Claxton et al., 2010). The decision-maker, thus, aims to produce as
much health (i.e., QALYSs) as possible for the population from that fixed budget. If this
is the decision rule, two things become important: (i) the measurement and inclusion of

all relevant health changes in order to ensure health maximization (Hoefman et al., 2013),
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and (i) the capture of health effects related to displaced/foregone activity as well as those
resulting from the new intervention (Al-Janabi et al., 2016a). Using a societal
perspective, in contrast, the goal of the informed decision-maker is assumed to be the
maximization of social welfare from a more flexible budget (Brouwer et al., 2019). Here,
all costs and benefits are relevant, regardless of where or on whom they fall (Weinstein

et al., 1996).

Acknowledging that a payer perspective is the least inclusive of those most frequently
employed (Garrison Jr et al., 2018), albeit adopted by NICE (NICE, 2022), the task force
advocates for consideration of health spillovers in all economic evaluations conducted
from this and those more inclusive perspectives, such as the societal perspective, which
is the default in the US and the Netherlands, for example. In other words, family and
caregiver health spillovers should be included in economic evaluations from a// of the
more frequently employed perspectives (i.e., healthcare/health payer, societal, or public
sector perspective). Consensus among members was reached as to the need for an express

statement to that effect, embodied in the recommendation below:

Recommendation 1: While this task force seeks primarily to inform the conduct of CEA from a
healthcare/health payer perspective, family and caregiver health spillovers should also be included in

economic evaluations from a societal or public sector perspective.

3.3.3.2 Opportunity Costs

If one assumes interventions are funded from a fixed budget, the opportunity costs of
healthcare spending become relevant, including the health spillovers related to healthcare
interventions displaced or foregone when a new intervention is adopted. However, the
wider impacts of that care which is displaced/foregone will likely not have been
considered when establishing benchmarks/thresholds of cost-effectiveness. This may
lead to a greater observed quantity of health displacement when funding new
interventions where these effects have been considered (NICE, 2020). To combat this
and establish the value of the net gain in health, one should seek to account for all relevant
gains of a healthcare intervention, including health spillovers, minus the lost health (also
including health spillovers) due to care displaced or foregone (Brouwer et al., 2019;

Brouwer, 2019).
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Recommendation 2: If opportunity costs within the healthcare sector are explicitly considered, family
and caregiver health spillovers related to displaced/foregone activities should ideally also be
considered, since care that is displaced or foregone as the result of a given intervention will also

generally involve spillover effects and broader costs.

Given the focus on health spillovers, the task force refrained from further discussion of
the ‘broader costs’ mentioned in the recommendation. It should, however, be recognised
that caregivers and the wider family will also incur time and other costs, both within and

outside healthcare sector.

In the absence of any guidance on disinvestment, healthcare interventions that are
displaced or foregone are typically unknown, and as such, little is known about lost
spillover effects related to this activity (Brouwer, 2019). Much research is therefore
needed to develop methods to quantify the average displaced/foregone spillover and this

motivated the following future research recommendation:

Future research recommendation: Calculation of average family and caregiver health spillovers in
relation to displaced/foregone activity (to inform thresholds empirically set on the basis of opportunity

cost, for example).

3.3.3.3 Distributional Consequences of Inclusion

The distributional consequences of spillover inclusion (as well as omission) provoke
much debate in the literature (Canaway et al., 2019; McCabe, 2019; Wittenberg et al.,
2019). While systematic exploration of the trade-off between the maximisation of
aggregate health and preservation of health equity (Dixon and Round, 2019) is not
practicable at the level of an individual economic evaluation, the decision-maker should

at least be forewarned of this challenging issue to allow for informed decisions (Brouwer,

2019).
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Recommendation 3: The distributional consequences of inclusion (or omission) of family and
caregiver health spillovers in CEA should be considered explicitly. These distributional/allocative
impacts could, for example, result in care being directed to patient groups with larger family networks
since interventions impacting those with larger families could accrue greater aggregate health benefits.
Also, the inclusion of spillovers could result in interventions for diseases/conditions requiring greater
levels of caregiving and/or negatively affecting family members to a greater degree being favoured

over those primarily providing health benefits to patients.

The implication of this recommendation is that consideration of spillovers could
introduce bias in resource allocation (since accumulation of QALY gains among more
isolated patient groups may be reduced and interventions targeting these groups would
appear less cost-effective). The limited evidence base in this regard compels further
investigation of the extent and acceptability of these potential equity impacts, through,
for example, the application of analytic approaches (Asaria et al., 2016; Avancefia and

Prosser, 2021; Cookson et al., 2016), as proposed by Dixon and Round (2019).

Future research recommendation: Exploration of ways of establishing, presenting, and considering

the distributional consequences of family and caregiver health spillovers.

3.3.3.4 Spillover Time Horizon

In addition to how wide a net to cast (see recommendation 7, below), there is also a
question of how /ong, in terms of duration, to measure effects (i.e., how to define the
analytic time horizon). Typically, health costs and benefits cease at the time beyond
which no incremental benefits of an intervention can be attributed to a cure or successful
treatment, or at the end of life — all related to the patient. When considering health
spillovers, however, family members may survive the patient and bereavement may be
an important consideration in their HRQoL. Moreover, long-term health consequences
of caregiving may surpass the time horizon of a patient’s illness, even when the patient
survives. With respect to the time horizons applied to health spillovers, one must
principally consider whether to match the patient’s timeline, both in treatment
benefits/costs and survival, or to impose different timelines for family
members/caregivers, so as to acknowledge that effects may not entirely coincide. Balance
and consistency in accounting for these impacts are also crucial, across trial arms for

example (Pennington et al., 2022). It must lastly be noted that a lack of established
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methods for including the impacts of bereavement, and the unpredictably of those effects
(especially as the analytic horizon extends), make the consideration of bereavement

particularly challenging (NICE, 2020). Clearly, much research is needed in this regard.

Recommendation 4: Family and caregiver health spillovers should be measured over a time horizon
sufficient to capture all relevant impacts of the health condition(s)/intervention(s), including the full
impact of caregiving duties, bereavement, or both, explicitly indicating the basis for the specified

horizon, be that, for example, prior empiric evidence or an arbitrary set-point.

The extent of these impacts should be estimated in as balanced and accurate a manner as possible. For
example, in the context of a randomised controlled trial, if longer-term impacts of caregiving or the
effects of bereavement are taken into account in one treatment arm, they should be measured across

all other treatment arms of the trial.

3.3.3.5 Outcome Measurement

Both direct (Basu et al., 2010; Prosser et al., 2015) and indirect measurement methods
(Al-Janabi et al., 2011a; Bell et al., 2001; Hoefman et al., 2014; Payakachat et al., 2011;
Tilford et al., 2005; Tilford et al., 2015) have been used in estimating spillover health
(dis)utility. There is, however, no clear guidance on which methods or instruments are
optimal. Relatedly, while expressing the need for the robust capture of caregiver health
spillovers, a recent review by NICE described a dearth of good quality evidence to inform
the relative impact of new interventions on caregiver HRQoL, compared to current
practice (Dawoud et al., 2022). A lack of empirical evidence, therefore, makes the task

of method/instrument selection challenging.
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Recommendation Sa: Where specified, adhere to the jurisdiction’s HTA guidelines on outcome
measurement among family and caregivers unless it is empirically demonstrated that another method
of measurement is more appropriate. For example, where indirect methods are to be used, evidence on
the psychometric properties of existing preference-based measures developed and employed in the

target family/caregiver population should be reviewed.

Recommendation Sb: Consider the use of the same measure for spillover and patient outcomes if the
aim is to aggregate both in the analysis. The analyst should also be mindful of how spillover outcomes

are to be compared to outcomes related to displaced/foregone activities.

Recommendation Sc: Although this guidance focuses on the impacts of an individual’s health status
on family members’ and/or caregivers’ HRQoL measured via the same method, in instances where
outcome measures differ (or the family member/caregiver effect is not appropriately measured by the
patient outcome measure) consider employing cost-consequence analysis to provide a disaggregated

summary of costs and effects.

The group also discussed the potential for employing estimates of the relative value of
care-related quality of life (CRQoL) and HRQoL outcomes (e.g., Carer Experience Scale
(Al-Janabi et al., 2008) or the CarerQol instrument (Brouwer et al., 2006) relative to EQ-
5D outcomes). These empirical weightings (or “exchange rates”) could be used to
convert caregiver outcomes captured in the form of CRQoL to HRQoL outcomes. This
would allow for aggregation of caregiver outcomes with patient outcomes measured via
HRQoL (Al-Janabi et al., 2022; Dhanji et al., 2021). The threshold of consensus was,
however, not reached for this method to be included as a recommendation. With regard
to avenues for future research in measuring caregiver and family outcomes, the
development of novel preference-based measures aimed at capturing health spillovers
was proposed (which inherently necessitates determination of the measures’ underlying
conceptual domains and attribute/item selection prior to preference-based valuation (Al-

Janabi et al., 2011a; Brazier et al., 2022)).

Future research recommendation: Development of novel generic preference-based measures aimed
at capturing spillovers (beyond those currently being developed), underpinned by psychometric
assessment of the construct validity and responsiveness of the measure among family and/or caregiver

populations.

The task force refrained from explicit recommendation on whether to include family and

caregiver spillover outcomes as utilities (in which case the caregiver/family member is

48



Chapter 3 SHEER Task Force Recommendations

treated as a separate entity in the analysis) or disutilities/utility increments (where the
extent to which caregiver/family member impacts are relieved or exacerbated as a result
of patient health changes, implying, for example, that caregiver/family member disutility
would improve when the patient dies) in decision models (Pennington et al., 2022).
Implicitly, recommendation 4, in advocating for spillover measurement over a time
horizon sufficient to capture all relevant impacts (including bereavement), suggests
consideration of family members and caregivers as separate entities is favoured.

Appropriate means of addressing this issue will require further exploration.

Future research recommendation: /n the context of decision models, examination of the implications
of inclusion of caregivers and family members as separate individuals (with their own utilities) vs. as
disutilities/utility increments applied to patient outcomes (to account for the effect of the patient

intervention on caregivers and/or others in the family network).

3.3.3.6 Sources of Data: Use of Primary vs. Secondary Data

Given the specific context in which the task force operated, the SHEER membership
endorsed the following definitions of ‘primary’ and ‘secondary’ data for the purposes of

this recommendation.

Primary data as defined as caregiver and family member HRQoL data collected alongside patient

level data as part of a single study, commonly an intervention RCT.

Secondary data as encompassing peer-reviewed, published caregiver and family member HRQoL
data drawn from a range of sources including other clinical trials, cohort studies, general
population surveys, registries, and modelled on the basis of other data types, for use in trial-based

or model-based economic evaluation.

As one might expect, the evidence review identified trial-based evaluations as tending to
include primary data more frequently, whereas models used secondary data. Described
barriers to the inclusion of primary data related to missing data on family/caregiver
outcomes (Scope et al., 2022), insufficient time horizons in trials to detect change in
utilities resulting from spillovers (Bhadhuri et al., 2017; McLoughlin et al., 2020), and
differing outcome measurement methods being employed among patients and
family/caregivers (Tubeuf et al., 2019). Challenges to the use of secondary data pertained
to the context specificity of spillovers (Al-Janabi et al., 2016b), and differing
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interpretation of estimates from the same source (Pennington et al., 2022; Scope et al.,
2022). Taking this exacting data environment into consideration, the task force
recognised that secondary data sources will often need to be employed, especially where
impacts are to be modelled over the lifetime of the specified family/caregiver cohorts
(O’Mahony et al., 2015). Nevertheless, the collection of primary data is currently

favoured.

Recommendation 6: Collect primary data where possible, using secondary data sources such as
observational studies to model the extent of family and caregiver health spillovers when primary data
cannot be collected, justifying the use of that secondary data (with reference to, for example, disease

severity, caregiver burden and intervention type).

3.3.3.7 Aggregation Methods

In view of the utilitarian foundations of health economic evaluation, the objective, and
conventional practice, is the identification and additive summing of all relevant effects
(regardless of the source). Effects may be quite broad (Canaway et al., 2019; Lavelle et
al., 2014) and, accordant with the working definition of family and caregiving health
spillovers, there is a need to pragmatically capture these within an economic evaluation,
given resources and other constraints. The task force developed a stepwise aggregation

procedure, as delineated below:
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Recommendation 7: Given an express aim of health maximization, one should, in principle, seek to
include in the analysis all persons experiencing health changes related to the condition and/or
intervention, so as to estimate the full spillover across the population. However, for practical purposes
we recommend, in addition to patients, focusing on those particular groups among whom the effects
are anticipated to be largest, namely family and caregivers (i.e., family and caregiver health spillovers,

as previously defined).
Specifically, on the basis of current evidence/practice, we recommend.:

Step I Spillovers should be estimated (a) among specific caregivers and other family members
(parents, siblings, grandparents, etc.) OR (b) for the ‘closest’ network member and second
‘closest’ network member. The choice of approach should be informed by data availability,

Jurisdictional guidelines, and the health condition/intervention context, among other factors.

Step 2 Prior to summing, QALY gains/losses should be reported separately for patients and

caregivers/family members.

Step 3 Spillovers should be aggregated with patient effects via additive summation of QALY

gains/losses in the reference case.

Step 4 Sensitivity analysis should supplement the reference case. If approach (a) is followed,
sensitivity analysis will involve construction (and variation) of a representative network (i.e.,
the typical or average family composition of the patient), allowing for summation of effects
across this network (e.g., effects on the patient + a caregiver + 2 other family members). If
approach (b) is chosen, sensitivity analysis will involve fitting a function* to estimate,
additively aggregate, and present the full network spillover (i.e., network member spillovers

used to fit function to estimate the full network spillover).

Notes: *Functional form should be chosen based on evidence indicating how spillover magnitude declines with
increasing social distance to the patient (e.g., the analyst may assume no spillovers occur beyond the second closest
network member or, alternatively, that spillover magnitude geometrically declines with social distance). See Al-Janabi
et al. (13) for further details.

Although additive summation of spillover health effects with patient health effects is
recommended, this summation may obscure the cost-per-QALY for patients, hampering
comparisons of efficiency with evaluations where spillovers are omitted. A ‘multiplier
approach’ (where spillover health effects are stated in ratio to patient health effects, with
this ratio being applied to the ICER) has been proposed to counter this issue (see Al-
Janabi et al. (2016a) for further details on this approach). Consensus was, however, not
reached on recommending that spillovers and patient effects be presented in the form of

a multiplier.
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3.3.3.8 Outcome Value Weighting

Criteria for resource allocation are usually context-specific, depending on social values
and judgement. In particular, a small but growing literature shows that the social value
of QALYs may vary across settings and individuals (Al-Janabi et al., 2022). In the
context of health spillovers, debate has developed as to the appropriateness of
differentially weighting family/caregiver and patient outcomes. Some argue for a lower
weighting to be applied to family/caregiver outcomes in order to focus on patients
(Tubeuf et al., 2019) or combat perceived inequity (Dixon and Round, 2019), others for
higher weighting of caregiver outcomes, owing to a duty of care to family caregivers,
given their role in supporting society (Arksey and Morée, 2008). Considering the limited
peer-reviewed empirical basis for differential weighting of family/caregiver outcomes
(Al-Janabi et al., 2022), and the abovementioned utilitarian foundations of health
economic evaluation, a general agreement among members emerged for application of

equal weighting in the reference case.

Recommendation 8: In the reference case, equal weighting should be applied to all impacts of the
health condition and/or intervention (be they patient or spillover health impacts), unless empirical
evidence specific to the context under investigation suggests that the decision-maker and/or society
value family/caregiver outcomes differently than those of the patient. In those instances, the analyst
should make explicit the weighting to be applied and justify doing so on the basis of said empirical

evidence.

Where differential weighting is applied, sensitivity analysis should be conducted to assess how findings

are affected by variation in the applied weight(s).

It is important to note that this recommendation pertains to equity weighting (reflecting
social value and societal preference) and not to weights applied to caregiver outcomes in
instances where different metrics are used among patients and caregivers (i.e., the earlier
mentioned “exchange rate” between CRQoL and HRQoL (Al-Janabi et al., 2022; Dhanji
etal., 2021)). Future research is needed to investigate methods for elicitation of spillover

equity weights.

Future research recommendation: /nvestigation of methods for elicitation (e.g., person trade-off
(PTO), discrete choice experiment (DCE), etc.) of spillover equity weights, giving particular focus to
how estimated weights vary by method used.
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3.3.3.9 Outcome Double Counting

When deriving utilities using indirect techniques (i.e., generic preference-based HRQoL
instruments), health spillovers may inadvertently be included, either at the measurement
stage or the valuation stage, posing a risk of double counting. In relation to measurement,
patients may, for example, take into account the impact of their condition on family
members when reporting their own HRQoL (McPherson et al., 2007), such that spillover
effects are reflected in utilities. Similarly, the double counting of spillover effects may
occur if the caregiver/family member fails to compartmentalize changes in their own
health resulting from the health status of the patient (Wittenberg and Prosser, 2013).
There is also evidence that when valuing health states, respondents consider being a
burden to others (Karimi et al., 2017; Krol et al., 2016). Problems with double counting
can also occur when effects of informal caregiving are reflected in the monetary value of

informal care time (Grosse et al., 2019; Koopmanschap et al., 2008).

The nature and extent of double counting requires further exploration and, given the state
of current practice, the analyst should seek to minimize, rather than eliminate, the risk of

double counting.

Recommendation 9: When reporting results, the analyst should consider and discuss the extent of the
risk presented by double counting, given the measurement technique employed (direct or indirect),

flagging this as a potential source of uncertainty or bias.

Future research recommendation: Development of methodological approaches to adjust for double
counting when applying spillover estimates from the literature to analyses, or when quantified in the

context of primary data collection.

3.3.3.9 Consistency in Inclusion and Reporting of Spillovers

There is varied practice in including spillovers in economic evaluation (Goodrich et al.,
2012; Krol et al., 2015; Lavelle et al., 2019a; Lin et al., 2019; Scope et al., 2022). This
poses a challenge for decision-makers in understanding the relative merits of investing
in different interventions and improving allocative efficiency across the health system.
The desire for greater consistency in this area underpins the rationale for convening this

task force.
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Definition of consistency in inclusion and reporting: 7he inclusion of spillovers in a consistent
manner, within a given jurisdiction and/or decision-making context, entails similarity in evaluations

with respect to:

o whose outcomes are measured/modelled;

o the methods used to measure/model those outcomes;

o Jow spillovers are aggregated with patient outcomes;

e how displacement/foregone activity is considered,

e Jow uncertainty and bias introduced by inclusion is addressed,

o Jow the methods and results are presented.

A consistent approach to reporting of health spillover inclusion is pivotal to elucidate the
assumptions adopted in accounting for spillovers and to enable the replication of methods

and/or results.

Recommendation 10: 7o promote consistency and transparency in evaluations, an explicit statement
of assumptions about spillovers should be made. Moreover, CEA should be presented in a way that
enables methods of incorporation and data sources to be clearly discernible. Findings should be
communicated so as to allow inference to be drawn on the distribution of patient health effects versus
spillover health effects among family members and caregivers; where impacts are additively summed,

include effects in the form of an impact matrix or inventory."

However, having globally standardised methods (as opposed to reporting practices) may
not necessarily be a good thing. Different health systems may (and do) take contrasting
views on their objectives, and thus, the evidence needed to support resource allocation.
Striving for globally uniformed methods of incorporation is, therefore, unrealistic and
moreover, undesired since such practices would stifle the sort of research innovation
which is particularly important in an emerging topic such as this. That is to say, there is
a need for balance between consistency, where valuable in a decision-making context,

and variation to reflect differing decision-maker perspectives and to support innovation.

3.3.3.10 Characterising and Presenting Uncertainty When Including Spillovers

Lastly, as regards the recommendations for emerging good practice, the aforementioned
call for consistency extends to how the uncertainty (Drummond et al., 2015) introduced

by spillover inclusion is characterised and presented.

4 See Sanders et al. (2016).
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Recommendation 11: 4s with other sources of uncertainty in an economic evaluation, characterising
and presenting the uncertainty surrounding spillover estimates, together with an assessment of
implications of that uncertainty, is vital in fully informing any decision-making process concerned with
improving health outcomes while considering the budget constraints of the decision-maker.
Specifically, analysts should seek, when possible, to assign distributions to spillover estimates reflective

of the available evidence and investigate how this uncertainty affects findings.

It is important to note that, preferably, these probability distributions will be applied at
the level of the constituent variables of the economic model- e.g., caregiver utility
estimate. In such instances, uncertainty surrounding spillover estimates will be reflected

within probabilistic sensitivity analyses.

3.3.4 Recommendations for Future Research

The still-nascent character of the spillover evidence base necessitates that the task force
seeks to inform a spillover research agenda. Thus far in the chapter, a number of future
research recommendations relating to various aspects of emerging good practice have
been foregrounded. Throughout the interactions of the task force, members have,
however, drawn attention to numerous other potential avenues for further investigation.
As such, in Table 3.3 those previously stated recommendations for future research are
compiled alongside the other areas proposed as necessitating investigation, and a priority

ranking based on member preferences is assigned to this complete listing.
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Table 3.3 Recommendations for Future Research

Proportion
Future research recommendation ra‘tn_lg as  Priority
high rank
priority’*
Distributional consequences 94% 1

Exploration of ways of establishing, presenting, and considering the distributional consequences

of family and caregiver health spillovers.

Longitudinal study designs 76% 2
Adoption of longitudinal study designs to assess outcome measure sensitivity to change and allow

for more in-depth investigation of the directionality and reciprocity of spillover effects.

Joint utility elicitation methods 76% 2
Further examination of joint patient-caregiver utility elicitation methods, and estimation of QALY

gains/losses at the family or household level.

Context sensitivity of spillover magnitude/scale, social value, and double counting 75% i 4
Investigation of how: (i) the magnitude/scale of health spillover, (ii) the social value of these

spillover health impacts, (iii) the functional form of the distance-decay function (used to project

total spillover), and (iv) the risk and/or extent of double counting, vary on the basis of health
condition/intervention, sociodemographic, cultural and other contexts, as well as in relation to the

utility elicitation technique.

Modelling caregiver and family member health spillover as a function of available data 71% 5
Further examination of the potential for projecting/modelling spillover as a function of data such

as patient health status, measures of socio-demographic status, or caregiver burden.

Inclusion of family and caregivers in decision models 69% 6
In the context of decision models, examination of the implications of inclusion of caregivers and

family members as separate individuals (with their own utilities) vs. as disutilities/utility

increments applied to patient outcomes (to account for the effect of the patient intervention on

caregivers and/or others in the family network).

Adjusting for double counting 53% 7
Develop methodological approaches to adjust for double counting when applying spillover

estimates from the literature to analyses, or when quantified in the context of primary data

collection.

Displacement 53% 7
Calculation of the average family and caregiver health spillovers in relation to displaced/foregone

activity (to, for example, inform thresholds empirically set on the basis of opportunity cost).

Modelling total network effects as a function of partial network outcome data 44%T 9
Further investigation of how total network effects might be estimated from partial network

outcome data (i.e., when net spillover effects are to be estimated but only data on the patient and

closest network member can be collected).

Outcome measure appraisal 35% 10
Development of novel generic preference-based measures aimed at capturing spillovers (beyond

those in current use or development), underpinned by psychometric assessment of the construct

validity and responsiveness of the measure among family and/or caregiver populations.

Social value weight estimation 29% 11
Investigation of methods for elicitation (e.g., PTO, DCE, etc.) of spillover equity weights, giving

particular focus to how estimated weights may vary by method used.

Reporting bias 24% 12
Investigate the extent of reporting bias either related to social desirability or when using the same

preference-based HRQoL measure for caregiver/family member HRQoL and patient HRQoL

(including self-report and proxy-report).

Notes: *Ranked based on the proportion of member votes falling within a ‘high priority’ bracket (i.e. ratings 5, 6, 7)
on an 8-point Likert scale (0 = lowest priority, 7= highest priority). T16 of 17 members voted on this recommendation.
DCE, discrete choice experiment; HRQoL, health-related quality of life; PTO, person trade-off; QALY, quality-
adjusted life year.

3.3.5 Patient and Caregiver Perspectives on the Recommendations

In the main, the contributors present at the patient and caregiver meeting favoured the
inclusion of health spillovers in economic evaluation, on the grounds that incorporation
provides a more concrete basis for consideration of their lived experience in decision-

making. Accordingly, the recommendations of SHEER were welcomed by the group. In
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particular, the meeting attendees felt that recommendation 4 (related to the time horizon
over which health spillovers should be measured) was of particular importance, since
they felt time frames should be sufficient to recognise that mental health (and other)
impacts may occur remote to the experience itself. Furthermore, the additive summation
of health spillovers with patient effects (recommendation 7) was suggested as being
accordant with what one contributor viewed as “an accumulation of symptoms” across
the family network. A summary of the proceedings of this meeting is included in

Appendix I.

3.4 Discussion

While researchers and policymakers alike have called for the consideration of health
spillovers in economic evaluation, the vast majority of analyses continue to omit these
wider manifestations of illness and treatment (Al-Janabi et al., 2016b; Scope et al., 2022).
Although nuance and complexity are intrinsic to the phenomenon, it is hoped that the
dialogue and resulting recommendations of the SHEER task force will not only aid in
providing more analysts with the means and motivation to incorporate family and
caregiver health spillovers, but also in defining a future research agenda to better

understand their complex nature.

As is more widely the case in methods research, an overarching theme of ‘principle
versus practicability’ pervaded almost all issues discussed by the group. Ideal practices
will often not be made feasible on the basis of data constraints and other barriers to
inclusion. Only through clear explication of the nature of these barriers (in analyses
where health spillovers are omitted or included suboptimally) will greater attention be
drawn to such obstacles, and potential avenues of circumvention identified. For this
purpose, addition of an item to the Consolidated Health Economic Evaluation Reporting
Standards 2022 (CHEERS 2022) checklist (Husereau et al., 2022) could provide a formal
approach to encouraging disclosure of the challenges surrounding incorporation, besides

supporting transparency and consistency in methods of inclusion more generally.

Although beyond the terms of reference of the task force, SHEER also peripherally
discussed the potential for establishing a registry/tariff of utilities and disutilities
associated with family and caregiver health spillovers. This would not only facilitate
spillover incorporation where data cannot be collected prospectively, but also encourage

further estimation efforts in the context of diverse intervention types, illnesses, family
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compositions, socio-cultural milieus, and welfare state models, among a multitude of
other settings. Such efforts will hopefully leave the field more fully equipped to establish
an ‘average spillover’ resulting from a given activity (NICE, 2020). This, in turn, might
offer one potential route by which the impacts of displacement and the distributional

consequences of spillover inclusion might be mitigated.

The main limitation of this guidance is that it represents the consensus view of a
purposively sampled group of subject-matter experts. The task force includes members
from, or with experience of working in, North America, Europe, Australasia, and Africa.
Notably missing are individuals from Latin America and more work is needed to
understand the practices and implications of spillover incorporation within the
jurisdictions of this and other regions. Furthermore, although care was taken to invite the
participation of subject-matter experts with varying opinions, acceptance of invitations
may have resulted in a select group that shared many views on the topic at hand — the
importance of inclusion of family and caregiver health spillovers. As such, it bears
repeating that these emerging good practice recommendations seek to stimulate wider
public discussion of the methodological challenges and ethical issues raised by spillover
incorporation into applied economic evaluation. For instance, inclusion of spillovers
places an additional burden on analysts undertaking evaluations which are already
complex and resource intensive. Conceptual models of the likely lifetime costs and
outcomes of interventions may therefore prove necessary in order to prioritize which
specific impacts to focus on. This would also draw the attention of funders and clinical

collaborators to the distinctive data requirements of economic evaluations.

With a view to producing a practical guidance set, discussions centred around spillovers
onto family member and caregiver HRQoL. The potential for impacts to manifest in
individuals outside this group, and for these impacts to extend to wider welfare, must,
however, be recognised. Furthermore, restriction of the perspective to that of the
healthcare system/health payer limits full examination of the interaction of more broadly
incurred costs, and the characteristics and extent of spillovers. For example, limited
consideration has been given to spillover effects associated with the sharing of genetic
information, also termed “cascade effects” (Cernat et al., 2021), that may inform disease
risks not only for the patient but for other members of the family. The task force also
refrained from differentiation between ‘first-order’ and ‘second-order’ spillovers. By

way of illustration, in a three-person family (two partners and a child), if one partner
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provides care to the other partner (who has a health condition), the first-order spillover
experienced by the partner providing care can, in turn, spill over on to their child’s
outcomes (health or otherwise). Whether that child’s ‘first-order’ and ‘second-order’
sources of spillover ought to be disentangled is a normative question worthy of attention
in itself, but beyond the scope of the SHEER report and this chapter. Lastly, in terms of
limitations, some may view restricting the consultation with patients and caregivers to
the latter stages of the overall process as limiting the potential for their inputs to shape
discussions and ensure issues addressed were relevant to them (Staniszewska et al.,

2017).

3.5 Conclusion

The prevalence of family and caregiver health spillovers is likely to rise as levels of
dependency and comorbidity increase, family compositions change, health institutions
shift care to the community and households, and new healthcare technologies prolong
life. Consequently, the importance of the consistent consideration of spillovers in health
economic evaluation will continue to grow. The SHEER task force consensus
recommendations are intended to inform these incorporation efforts in taking account of
health spillovers in a fair and judicious manner. However, the emergent nature of
spillover research impels that this guidance be viewed as an initial roadmap, as opposed
to a strict checklist. In this regard, it is hoped that by articulating recommendations and
setting out a research agenda, this task force might also both instigate and expedite
development of the spillover knowledge base, improving our collective understanding of

this complex phenomenon.
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4 Addressing the Distributional Consequences
of Spillovers in Health Economic Evaluation: A
Prioritarian Approach®

4.1 Introduction

Of all the calls for caution when incorporating spillovers into health economic evaluation,
the potential distributional consequences and challenges to equity (Dixon and Round,
2019; McCabe, 2019) are key in motivating the approach to inclusion proposed in this
chapter. In particular, all else equal, accounting for health spillovers could, under a fixed
budget, result in care being directed to patients with larger family networks, since
interventions targeting those with larger networks would accrue greater aggregate health
benefits than interventions aimed at treating more ‘isolated’ patients (Dixon and Round,
2019). Similarly, the inclusion of spillovers could, in theory, result in interventions for
diseases/conditions requiring greater degrees of caregiving and/or negatively affecting
family members being favoured, thus taking priority over those interventions primarily
benefitting the patient (Canaway et al., 2019; Dixon and Round, 2019; Wittenberg et al.,
2019). Apart from an initial effort by Tubeuf et al. (2019), who propose prioritisation of
patient health via an equivalence scale-based approach, there is very little research on the
extent, acceptability, or means of mitigation of the equity impacts of spillover inclusion

in the literature.

In this context, this chapter presents a novel approach to spillover inclusion in health
economic evaluation that is rooted in ‘prioritarianism’ and which allows such
distributional and equity concerns to be addressed. Prioritarianism is a principle of
distributive justice that accords priority to individuals who are ‘worse off’, in some sense,
and that displays ‘distribution-sensitivity’ i.e. it is sensitive to how a particular sum of
benefits is distributed (Adler and Norheim, 2022; Holtug, 2022; Norheim et al., 2020;
Parfit, 1997). For example, when considering health spillovers, individuals with smaller
family networks can be conceived of as worse off than those with larger networks. In
terms of application, the approach is centred around the transformation of an assumed

‘currency of advantage’. In the context of this chapter, these are the health utility gains

SThe research in this chapter is published as Henry and Cullinan (2024).
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accrued across a patient’s network, attributable to a given intervention (Sharp and

Millum, 2018; Winters et al., 2020).

The approach is largely distinct to other applications of prioritarianism within CEA. For
example, Cookson et al. (2022) apply prioritarianism to multi-dimensional measures of
well-being, and in doing so, focus on well-being as a function of both health and income.
It also differs from the work of Norheim et al. (2020), who employ a level-dependent
transformation of individual health, based on a social decision-maker’s degree of
aversion to health inequity, to indirectly imply an equity weighting. In doing so,
prioritarianism in its standard form, whether applied to well-being as a function of health,
income, etc., or to health alone, takes account of both levels and changes (Adler and
Norheim, 2022). In contrast, this chapter proposes employment of a strictly concave
transformation function, applied only to changes in health, to give greater relative weight
to the incremental change in patient outcomes when incorporating carer/family health
spillovers into resource allocation decisions. This approach, which may be viewed as
somewhat analogous to “gain egalitarianism” (Tsuchiya and Dolan, 2009), allows for
moderation of the distributional impacts of spillover inclusion. Beyond the
aforementioned use of equity weights within the context of distributional CEA (Norheim
et al., 2020), the National Health Service (NHS) England’s Cancer Drugs Fund and the
NICE end-of-life policy provide two other prominent precedents of the application of
differential weighting to health gains in economic evaluation (Leigh and Granby, 2016;
McHugh et al., 2018; Wood and Hughes, 2020). Consistent with the approach proposed
in this study, these instances are a step away from the principle that “a QALY is a QALY
is a QALY?”, the typical starting point in CEA (Al-Janabi et al., 2022; Drummond et al.,
2015; Weinstein, 1988).

Overall, the research in this chapter makes a number of contributions to the literature.
First, the prioritarian approach, in affording greater weight to the incremental change in
patient outcomes when including carer/family health spillovers in health economic
evaluation, provides a novel means of moderating the distributional consequences of that
incorporation. This, in turn, allows for concerns relating to the equity of spillover
inclusion to be addressed. Second, a normative, theoretical perspective is introduced to a
largely empirical extant literature. In particular, explicit definition of an axiom cluster
supporting this approach to incorporation provides the proposed method with a

theoretically sound foundation, key in justifying its application in the context of scarce
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healthcare resources. Third, by means of an illustrative example, the chapter describes
how these transformations might be applied in practice. In doing so, it is hoped that the
proposed method will facilitate careful, fair, and prudent consideration of spillovers in

applied health economics research and practice (Brouwer, 2019).

The chapter is structured as follows: Section 4.2 presents the proposed prioritarian
approach to spillover inclusion, including the theoretical and axiomatic basis for the
method. Section 4.3 describes its application in the context of a hypothetical illustrative
example, while Section 4.4 discusses the implications of this work and Section 4.5

concludes.

4.2 Proposed Approach

4.2.1 Overview of Approach

To describe the approach, and without loss of generality, a 3-person ‘family’ (or
household) is first defined, that includes a patient (p), a caregiving family member (f;),
and a non-caregiving family member (f;). The term ‘family’ is employed loosely in this

context to refer to any individual in a network of persons close to the patient.

Given this setup, Figure 4.1 depicts a scenario whereby a hypothetical healthcare
intervention is provided to the patient that also affords health benefits to the entire family
network. Specifically, these health gains are represented on the horizontal axis by Ah,,
(patient health gains), Ahs; (health gains of the caregiving family member), and Ahy,
(health gains of the non-caregiving family member). Health benefits attributable to the
intervention include those occurring at the present moment, as well as any future health
benefits appropriately discounted to their net present value. The method is scalable to
accommodate fewer or more family members with varying proximity to the patient: Ahy,,

where n € {1, ..., N}.

In this context, it is clear that if all health benefits pertaining to an intervention were to
be included in a CEA, such health spillovers could see care directed towards patients
with larger family networks. Thus, an approach allowing for these distributional

consequences to be offset in a manner reflecting population preferences is required.

To do so, a prioritarian strictly increasing and strictly concave transformation of health

gains is proposed. This continuous transformation function is defined as strictly
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increasing since strict inequality of elements in the domain, e.g. x <y, will be maintained
by the function g(.) in the co-domain, i.e. g(x) < g(y). The function is also said to be
strictly concave because a convex combination of any pair of elements in the domain,
e.g. x and y, will be mapped by g(.) into a larger value than the same convex
combination applied to the two values g(x) and g(y) (i.e., the graph of the function lies
above its chord). The strictly increasing and strictly concave nature of the function
gradually assigns less weight to the health impacts of the intervention as the ‘proximity’

of the family member to the patient decreases (Holtug, 2022).

Transformed Health
Utility/QALYs, g(h)

glAhywAbg i Abp) [ — = e e T T T e T

ghhp Al = == — e - =

o A | e e e

N
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N
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Ah, Al Ahp

Figure 4.1 Prioritarian Transformation of Health Increments. Ah,,, patient health gain; Ahyy, caregiving family

member health gain; Ahy,, non-caregiving family member health gain; QALY, quality-adjusted life year.

To undertake the transformation, health gains must first be ranked. In this instance, those
of the patient are prioritised over those of the caregiving family member and non-
caregiving family member benefits. This foregrounds the patient as the primary treatment
beneficiary, ensuring their outcomes remain central to healthcare decision-making. It
should, however, be noted that alternative rankings are possible. For example,

‘upweighting’ of family member health benefits, relative to patient health increments,
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may be accommodated by the method via one such alternative outcome ranking (i.e.,
carer and/or family member outcomes > patient outcomes). The selected ranking is
implemented by sequential placement of the health increments on the horizontal axis in
order of priority. Although the incremental value attributable to each family member does
depend on the selected ranking, the total incremental spillover is independent of ranking.

See Section 4.2.2 for more on outcome ranking.

The total health gain attributable to the intervention (Ah) is, therefore, Ah,+Ahs;+Ahg,.
The transformation is then applied so that g(Ah,,) equates to the transformed health gain
of the patient, g(Ahy,+Ahg,) represents the transformed increment of both the patient and
caregiving family member, and lastly, g(Ah,+Ahg+Ahg,) is the transformed total for

the family.

Following this, straightforward arithmetic allows for separation of the transformed total
into those increments applicable to each family member. Aggregation of patient and
family member health effects in this manner is key in preserving the relativity of patient
and network member gains/losses in application of the proposed method. Moreover,
additive summation across this network is one of the most commonly employed forms
of spillover incorporation observable in the literature (Al-Janabi et al., 2016a; Lin et al.,
2019; Tubeuf et al., 2019). For the concavity of this transformation function to be
employed, the absolute values of health change attributable to the intervention should be
used as inputs. In theory, this allows for the consideration of decrements in patient and/or
family member health. With that said, it is suggested that spillovers should be
incorporated if and only if the change in patient health is positive or equal to zero, as

originally proposed by Tubeuf et al. (2019).

The final step in the process sees the transformed health increments specific to the
caregiver and non-caregiver (i.e., health spillovers), as a proportion of the transformed
total health gain, applied to the non-transformed total health gain. Importantly, patient
health benefits are set equal to their original untransformed value. Although set at their
original value, and thereby unimpacted by the method per se, transformation of those
health benefits specific to the patient is still necessary to allow for derivation of the
weights applicable to the transformed spillover gains. Formally, in the 3-person set-up,

the total adjusted health gain attributable to the intervention (Ah*) is given by:
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A, + Ahy) — g(Ah
Ah*:Ahp+Ah<g( p+A) = g ”)>

g(Ah)
[4.1]

g(ah)

Equation [4.1] highlights the differentially weighted spillovers specific to each network
member, which may be of value in a decision-making context and in safeguarding
transparency when including spillovers (Henry et al., 2024). It can, however, also be
simplified® to give Equation [4.2], which reinforces that the total incremental spillover is
independent of ranking. Specifically, this equation utilises the transformed spillover as a
proportion of the transformed total health gain, in downweighting that total incremental

spillover.

Ah* = Ak, + Ak (g(Ah) _ g(Ah”)>

D) 4.2]

Applied within the confines of standard CEA (Cookson et al., 2022; Drummond et al.,
2015; Garber and Phelps, 1997), this method provides a pragmatic way of (a) assigning
direct patient health benefits the same value as per conventional CEA, while (b)
downweighting spillover benefits. Focussing on the total health benefits from
interventions ensures the approach accords with current practice in accounting for health
spillovers, where these wider impacts are often framed as “family health effects arising
from interventions” (Al-Janabi et al., 2016a). It should be noted, however, that as an
alternative to this current period perspective, others advocate for consideration of lifetime
health in any application of a prioritarian approach to economic evaluation, citing
theoretical arguments and empirical evidence favouring adoption of this broader view

(Adler, 2022; Cookson et al., 2022; Johansson et al., 2020).”

¢ See Appendix J.

7 Specifically, in our approach, the adjusted health gains attributable to the intervention are calculated using
the transformed aggregate of the health benefit afforded to the patient and spillover effects on family
members, g(Ah, + pRA Ahsy,), rather than the difference between transformed post-intervention and
baseline levels, (g(hp + Ahp) —g(hy)) + Zﬁzl(g(hfn + Ahfn) — g(hsy)), an approach which may be
viewed as more accordant with standard prioritarianism.
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4.2.2 Determining Proximity

It is important to recognise that developing a sound basis for the ranking of outcomes is
a challenging undertaking in itself. Rankings will likely, at least in part, reflect the
normative position and priorities of the analyst and/or decision-maker. Having said that,
they may also be empirically informed by the previously mentioned work of Canaway et
al. (2019), who used hierarchical mapping to explore the size and composition of close-
person networks. If, alternatively, the analyst/decision-maker wishes to base such a
ranking on the relative size of health impacts across a given network or related to
caregiving intensity, the findings of Al-Janabi et al. (2016b), Bobinac et al. (2010, 2011)
and others (Bhadhuri et al., 2017; Bom et al., 2019; Henry and Cullinan, 2021; Pacheco
Barzallo, 2018) may provide greater insight.

4.2.3 Prioritarian Function

A specific functional form is required to operationalise this prioritarian approach. One
possibility for a transforming function is given by the standard Atkinsonian function

(Adler, 2019; Adler and Treich, 2017):
ht-Y

= [4.3]

g(h) =

where y represents a normative ‘priority’ parameter. The latter expresses the degree to
which priority is given to patient health gains which, in describing our approach, is
assigned a value greater than zero but less than unity.® As shown in Figure 4.2, alternative
values of y will yield varying degrees of concavity in the function. Thus, the closer the
value of this parameter is to unity, the greater is the downweighting applied to spillover
health gains. As y approaches zero, however, health spillovers of the intervention are

given increasing weight.

8 In keeping with previous applications of prioritarianism, any positive value may be assigned to y (Adler,
2019). It is important to note, however, that y values greater than unity will result in a change of sign of
spillover increments/decrements. It seems illogical (nor is there any empirical evidence to suggest) that a
decision-maker would seek to apply a negative weighting to a positive spillover (or vice versa). This
motivates our focus on y values greater than zero but less than unity. Should the analyst/decision-maker
wish to investigate the potential for employment of values of y greater than or equal to unity, they might
circumvent this change of sign by adding a constant, K, to the Atkinsonian function. Specifically, the
function may be transformed where g(Ah) + K > 0: g(Ah) = Ah'"%/(1 —y) + K with y > 1, or g(Ah) = log Ah
+ K withy=1.
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Figure 4.2 Alternative Strictly Increasing and Strictly Concave Functional Forms. The degree of concavity in the
Atkinsonian function varies depending on the value of the y parameter. QALY, quality-adjusted life year.

Ideally, the selected functional form should reflect a given normative position on the
relative importance of patient and family member health. For example, the value of the
priority parameter could be informed by survey data eliciting population preferences
(Adler, 2019), with weights commensurate with this estimated social value being applied
to the spillover health increments. In practice, results based on a number of different
functional forms (e.g., alternative values of y, if the Atkinsonian function is selected)

may be displayed so as to fully inform the decision-making process.

4.2.4 Theoretical Considerations

Although novel in relation to the study of health spillovers, strictly increasing and strictly
concave transformation is a core methodology within welfare economics, most
commonly used in the context of social welfare functions (Adler, 2019). The standing
afforded to this type of transformation can be traced back to prominent early proponents
such as Tony Atkinson (1970). Building upon the work of Dalton (1920) and others
(Arrow, 1965; Pratt, 1964), Atkinson’s research showed how the concavity of a utility
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function provides not only a basis for illustration of how the ‘principle of transfers’ holds,
but also allows for quantification of the degree of inequality in an income distribution.
Subsequently, strictly concave transformation has been employed in a diverse range of
settings including behavioural economics (Cox and Sadiraj, 2006), health economics
(Blackorby et al., 2003; Broome, 1993), the economics of education (Ooghe, 2021), and

the economics of climate change (Adler and Treich, 2015).

In general, any discussion of such transformations will form part of a wider consideration
of social welfare functions as a framework for priority setting. Moreover, their beneficial
features are frequently recounted as part of any adjudication between adoption of either
a utilitarian or prioritarian decision rule in an analysis, where the ranking of outcomes
will be determined by this decision rule (Adler, 2019). Utilitarianism, with roots in the
writings of Jeremy Bentham, is an ethical view which argues that the morally right action
is that which produces the most good (Driver, 2014). Utilitarianism, thereby, applies the
same weight to each unit of benefit accrued. In contrast, and as described previously,
prioritarianism gives greater weighting to the benefits accrued by those who are less
‘well-off” in some sense (e.g., more isolated patients for the purposes of this analysis)

(Adler and Norheim, 2022; Adler and Treich, 2017; Holtug, 2022).

As discussed in Section 4.2.1, implementation of such a prioritarian ranking of health
vectors is proposed, by means of the strictly concave transformation of these vectors,
when including health spillovers in economic evaluation. The approach seeks to weight
outcomes in a manner which reflects population preferences for the social value of carer
and family HRQoL relative to patient HRQoL, and thus, grant a greater degree of priority
to the health gains of patients. As mentioned above, prioritarian or ‘level-dependent’
social welfare functions, based upon concave transformation of individual health into
corresponding social welfare, have been presented as an alternative to standard,
utilitarian CEA (Asaria et al., 2015; Norheim et al., 2020). It is important to emphasise
again, however, that our proposed approach differs substantially from these antecedent
applications, both in terms of the specifics of the method, and the context in which it is
to be applied. In particular, while both methods focus on health as the currency of
advantage, concave transformation is employed only as a means to downweight spillover
health impacts, in contrast to level-dependent social welfare functions, which are applied
to the equity-efficiency trade-off analysis of health distributions more generally

(Norheim et al., 2020).
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It should also be noted that the adoption of a prioritarian perspective when taking account
of health spillovers has a strong axiomatic basis. Specifically, the proposed ranking of
vectors of health gain, and subsequent weighting, will intuitively fit with the Pareto
axiom since Pareto improvements in health are possible whilst harming no one else
(Adler, 2019; Jehle and Reny, 2011). Moreover, it will accord with an impartiality axiom
since increases in health are to be considered without reference to who receives them,
beyond patient or family member status. Adherence to both a completeness axiom, which
necessitates there are no gaps in the ranking of health vectors, and a continuity axiom,
requiring that if one health vector is afforded superior rank to a second then any adjacent
vector within a sufficiently small radius to the first should also be ranked favourably,
appears feasible and offers substantial benefits in terms of tractability. Adopting an
assumption of the separability of persons/family networks is also advantageous, since it
allows for the consideration of only the patient/family network subset of the population
who are potentially impacted by the intervention(s) (Adler, 2019; Mas-Colell et al.,
1995). Lastly, by inclusion of the Pigou-Dalton axiom, a logically consistent axiom
cluster is garnered (Adler, 2019). It must be noted, however, that the decision on whether
or not to adopt one or more of these axioms is normative and will, thus, be governed by
the views and guidelines of the intended audience of the analysis (i.e., decision-maker,
etc.). Having said that, this axiom set provides a sound footing for a prioritarian treatment

of spillovers in the context of applied economic evaluation.

4.3 Illustrative Example

In order to illustrate how such a strictly increasing and strictly concave transformation
could be applied in practice, consider a hypothetical example. Assume Intervention A
(current treatment) provides health benefits, in the form of QALYs, solely to the patient
and is employed as the comparator to some new Intervention B in a CEA —see Table 4.1.
Furthermore, assume Intervention B benefits both the patient and their family network.
Family member health benefits may be conceptualised as positive health spillovers of the
intervention or, alternatively, ameliorated negative health spillovers of a patient
disease/condition. For the purposes of the example, the family is again defined as a

patient, a caregiving family member, and a non-caregiving family member.
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Table 4.1 Implications of Alternative Approaches to Health Spillover Incorporation

for the ICER in CEA
Scenario Costs QALYs ICER Cost-effective?
(£ per (Threshold: £20,000
QALY) per QALY)

Base-case (no spillover incorporation)
Intervention AT £25,000.00 0.500
Intervention B¥  £30,000.00 0.700

Incremental costs Incremental QALYs

£5,000.00 0.200 £25,000.00 No
Utilitarian Approach
Intervention A £25,000.00 0.500
Intervention B £30,000.00 0.850

Incremental costs Incremental QALYs

£5,000.00 0.350 £14,285.71 Yes
Prioritarian Transformation Approach
Intervention A £25,000.00 0.500
Intervention B £30,000.00 0.807

Incremental costs Incremental QALYs

£5,000.00 0.307 £16,301.12 Yes
Equivalence Scale Approach
Intervention A £25,000.00 0.500
Intervention B £30,000.00 0.802

Incremental costs Incremental QALYs

£5,000.00 0.302 £16,549.87 Yes

Notes: t  Provides health benefit (in terms of QALYs) only to the patient themselves.
¥  Benefits both the patient and their family network.
CEA, Cost-Effectiveness Analyses; ICER, incremental cost-effectiveness ratio; QALY, quality-
adjusted life year.
Source: Based on Table 6 (pg. 521) in Tubeuf et al. (2019).

As per Table 1, Intervention A is assumed to cost £25,000, with attributable patient health
benefits totalling 0.5 QALYs. Intervention B, on the other hand, costs £30,000 and
affords a total of 0.85 QALYs to the patient and family network. Incrementally, of the
0.35 extra QALY provided by Intervention B, 0.20 go to the patient, 0.10 are afforded
to the caregiving family member and 0.05 to the non-caregiving family member. In the
base-case analysis, not incorporating health spillovers, Intervention B is not found to be
cost-effective, comparing the ICER of £25,000 per QALY to a cost-effectiveness
threshold of £20,000 per QALY. When spillovers are included and valued equally to
patient health gains, the ‘utilitarian’ approach in Table 4.1, the ICER is reduced to
£14,286 per QALY and becomes cost-effective.
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To apply the proposed prioritarian approach using the Atkinsonian transformation
function, a value of y is required. For illustrative purposes, a recent empirical estimate
from Al-Janabi et al. (2022) of the social value of carer HRQoL effects of 0.74 relative
to a reference point of 1 for patient HRQoL is used to determine its value. Taking the
inverse of this figure and rescaling the reference point to 0, the point estimate of y is thus
set at 0.35. Using this value, and applying the proposed prioritarian approach to the
increments in the example, family member health gains attributable to Intervention B are
downweighted, and thereby reduced, to 0.073 and 0.033 for caregiving and non-
caregiving family respectively (see Appendix K for a step-by-step guide to the
application of the approach in the context of this example). The impact upon the ICER
once these weighted health spillovers have been combined with patient health gains is

shown in Table 4.1.

As one would expect, the prioritarian ICER, £16,301 per QALY, falls below that of the
base-case analysis not incorporating spillovers and is found to be cost-effective when
compared to the threshold. The magnitude of reduction in this ICER is, however,
moderated (based on the social value of carer HRQoL) relative to the ICER calculable
after ‘utilitarian’ summation of all health benefits attributable to the intervention
(£14,286 per QALY). It is important to reiterate that the degree of downweighting
applied (and thus the ICER value) when including spillovers via the prioritarian approach
will depend on the value assigned to the priority parameter, y. Figure 4.3 illustrates how
the ICER varies when alternative values of y are employed in the analysis. Observably,
as y nears unity, the ICER increases, crossing the cost-effectiveness threshold when the

priority parameter’s value is approximately 0.72.
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Figure 4.3 Impact of Priority Parameter Value on the Incremental Cost-Effectiveness Ratio. Based on cost and
QALY inputs used in the described hypothetical cost-effectiveness analysis. Threshold set at £20,000 per QALY.
ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.

To allow for comparison, adjusted health spillovers generated via an equivalence scale
approach, previously described by Tubeuf et al. (2019), are also displayed in Table 1.
The formula used to adjust the spillover is based on that of Buhmann et al. (1988), who
originally applied equivalence scales to household income in order to account for

household size and member age, such that:

i=1 Ak

= e [4.4]

where, in this instance, Q quantifies the adjusted health spillover, Ah; denotes the
spillover health gain for each relative i, I is the total number of family relatives with an
observed utility or QALY gain and a is the elasticity of the equivalence scale rate. Tubeuf
etal. (2019) indicate that a can vary between zero and unity. Values closer to unity assign
greater relative importance to health gains of the patient. In our example, the elasticity is
set to 0.35, in keeping with the value assigned to the priority parameter. Substituting in
the values applicable in this example (i.e., 2 family members gaining 0.15 spillover
QALYs from the intervention), the adjusted spillover QALY combined with the patient
health gain is 0.802. This results in an ICER of £16,550, which is very close to the ICER

estimated via the prioritarian approach proposed here. However, in marked contrast to
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the priority parameter value, as the elasticity of the equivalence scale rate is varied
between zero and unity, all resulting ICER estimates are found to be less than or equal to

the cost-effectiveness threshold (see Figure L.1 in Appendix L).

4.4 Discussion

By accounting for health spillovers in resource allocation decisions, care may
conceivably be directed to patients with larger family networks and away from those
without (Dixon and Round, 2019). This chapter highlights how application of a
prioritarian weighting to health spillovers included in health economic evaluation may,
where deemed appropriate, be employed to prioritise patient health benefits in CEA.
This, in turn, allows for moderation of the distributional consequences of spillover
inclusion, bringing about what might be viewed as a more equitable apportioning of

scarce resources.

With well-known precedents set by NHS England’s Cancer Drugs Fund and the NICE
end-of-life policy, the proposed application of social value weighting to patient and
family member QALY seeks to assuage concerns of those who argue that admission of
spillovers into health economic evaluation in a utilitarian fashion permits “moral
monstrousness”, given that aggregate health is the maximand in the analysis (Dixon and
Round, 2019; Posner, 1979). Furthermore, it is also important to note that the relative
nature of the weighting process, and the concavity of the function employed, mean that
in instances where spillovers form a greater proportion of total health gain attributable to
a given intervention, the extent of downweighting is diminished. In essence, this means
that more ‘important’ spillovers are less impacted by the weighting procedure. As such,
it is hoped that adoption of this method could provide a compromise position between
utilitarian forms of incorporation and blanket application of equivalence scaling,

regardless of spillover size.

Despite these advantages, a number of issues relating to the proposed approach and
illustration should be highlighted. Firstly, a prioritarian approach might conflict with the
efficiency goals of the decision-maker. NICE, for instance, espouse the wider NHS
objective of “maximising health gain from limited resources” (NICE, 2013, 2022). This
intention may be viewed as utilitarian in that it would appear to implicitly place equal
weight on the health of all individuals within society. In such instances, application of

strictly concave transformations may not be appropriate in the context of the reference
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case, but may nonetheless constitute an informative aspect of scenario/sensitivity
analyses, especially when there is heightened concern surrounding the distributional
impact of spillover inclusion. There has, however, been much discussion elsewhere as to
the validity of the view that healthcare decision-makers and/or society are solely
concerned with health maximisation in allocating scarce resources within the health
sector; a contention implicit in economic evaluation conducted from a ‘healthcare
perspective’ (Brouwer et al., 2008; Brouwer and Koopmanschap, 2000; Coast, 2009;
Coast et al., 2008). Further elaboration on the issue is beyond the scope of this analysis,
save to say that population preferences have often been shown to conflict fundamentally
with this goal (Anand and Wailoo, 2000; Dolan et al., 2005; Norman et al., 2013). In
instances where this is seen to be the case, prioritarianism provides one appealing,
alternative ethical framework for priority setting, and motivates a departure from

exclusive pursuit of QALY maximisation (Ottersen et al., 2014; Persad et al., 2009).

The characteristics of the priority parameter also require much exploration. Since the
chosen value in our illustrative example is derived from just one empirical estimate of
the relative social value of carer and patient HRQoL (Al-Janabi et al., 2022), future
research should seek further elucidation on population preferences specific to this
parameter (i.e., the priority afforded to patient health gains over both caregiving and non-
caregiving family member spillover health gains), and thus, the acceptability of the equity
impacts of spillover incorporation. In particular, it would be interesting to see if society
places greater value on the health spillovers of caregivers, as opposed to those in the
wider family network, relative to patient health gains. Moreover, how the degree of
priority given to patients is influenced by demographics, disease group/severity,
intervention type, and other contextual factors also warrants examination. It must also be
considered that while setting patient health gains as equal to their original untransformed
value is a necessity in application of the proposed approach, this step further adjusts all
health gains from the priority parameter. This, consequently, may influence the implied
health gain attributed to the intervention in a manner unrelated to the underlying
preference parameter. The overall impact of patient health benefits being set equal to
their original value will be lower where spillovers make up a relatively small proportion
of the total health gain, ceteris paribus. However, it is likely to have more of an impact
for larger priority parameter values, reinforcing the need for sensitivity analysis of the

kind presented in Figure 3, particularly if spillovers are large.
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Lastly, the artificial nature of the parameters employed in the illustrative example
implores that such an exercise be replicated using empirical data. Furthermore, given the
arbitrary nature of these parameters, for simplicity and comparability, no deflator was
applied to the threshold. Use of a deflationary factor has been recommended to account
for the inflationary impact of including health spillovers in the ICER denominator and
represent spillovers displaced through funding the intervention (Al-Janabi et al., 2016a;
Bhadhuri et al., 2019). Further work is required to ascertain the validity of application of

such a deflator in conjunction with the prioritarian downweighting of health spillovers.

4.5 Conclusion

This chapter describes a novel approach to health spillover inclusion in health economic
evaluation with robust axiomatic support. Where deemed necessary, the prioritarian
weighting of health gains allows for explicit normative priority setting in allocative
decision-making. The analysis has highlighted how application of a prioritarian approach
can give greater weight to the incremental change in outcomes for patients. As such, this
approach may provide a feasible means of moderating the distributional consequences of

incorporating spillovers.
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S Maternal Mental Health Spillovers from Child
Morbidity: A Dynamic Panel Analysis’

5.1 Introduction

Central among familial relationships is that of the parent-child dyad (Brouwer et al.,
2010). Spillover effects occurring in this context may, therefore, be especially
pronounced. For example, in examining the heterogeneity in spillover size by family
relationship type, Lavelle et al. (2014) found that impacts appeared to be greatest in the
parents of ill children. Similarly, Pacheco Barzallo (2018) observed that, if their son or
daughter was disabled, parents were more affected than when a partner was disabled.
Moreover, on the basis of the results of a key study from Prosser et al. (2005) evaluating
the trade-off between life in a parent and a temporary health state in their child, it has
been suggested that parents “cannot reasonably separate [their] own utility from that of

the child” (Wittenberg et al., 2013a).

As a consequence, calls for the incorporation of spillovers into health economic
evaluation from both academia (Brouwer, 2019; Henry et al., 2024; Leech et al., 2022)
and policymakers (NICE, 2022) are all the more salient in the case of child health services
and paediatric interventions (Tilford and Tarlan, 2023). However, echoing the wider
tendency toward omission discussed earlier in this thesis, few CUAs of paediatric
interventions have included family spillover, as evidenced by the recent reviews of
Lavelle et al. (2019a) and Lamsal et al. (2023b). Of the described contributory factors
fundamental to this omission, the context specificity of spillovers, necessitating their
estimation across the spectrum of disease, and by socioeconomic status (McCabe, 2019),

for example, is foremost in motivating this analysis.

Estimation of spillovers, however, remains a challenging endeavour (Dixon and Round,
2019; Henry and Cullinan, 2024). In particular, indirect selection into (or out of)
caregiving presents a pernicious source of endogeneity, such that any observed
association between caregiving status and health may be driven by unobserved
confounders (Seifert et al., 2022). This problem is particularly pervasive in cross-

sectional studies (Pennington and Al-Janabi, 2023). Compounding the issue, cross-

The research presented in this chapter is under review at Value in Health.
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sectional study designs, which form much of the recent spillover evidence base (Coe and
Van Houtven, 2009; Dixon and Round, 2019), also preclude the establishment of
temporality in the relationship between the exposure and outcome, further limiting their
ability to identify spillover effects (Dixon and Round, 2019). Accordingly, the
employment of longitudinal studies in estimating spillovers is favoured (Dixon and
Round, 2019; Henry et al., 2024; Pennington and Al-Janabi, 2023). However, while static
panel approaches exploiting within-family variation might mitigate the threat of indirect
selection to some extent, estimates from these models may still be biased by time-varying
unobserved heterogeneity or as a result of reverse causality (i.e., direct selection) (Seifert
et al., 2022). Specifically, as regards spillover, causality could run bidirectionally since,
for example, care recipients have been shown to modify their own health behaviours so

as to alleviate the onerousness of caregiving (Elliott et al., 2024).

A dynamic panel approach provides one means by which the described threats of direct
and indirect selection may simultaneously be addressed. For instance, Coe and Van
Houtven (2009), Bom et al. (2019), and more recently Blaise and Dillenseger (2023),
have adopted this empirical strategy in attempting to address these sources of
endogeneity in studying health spillovers. These analyses all found evidence of health
spillovers, with care recipients being identified as a general population of older mothers
(Coe and Van Houtven, 2009), parents/spouses/other persons (Bom et al., 2019), or
defined more broadly (Blaise and Dillenseger, 2023). Specifically, Coe and Van Houtven
(2009) showed evidence of both negative physical and mental health effects, Bom et al.
(2019) differentiated between negative mental health consequences of caring for and
about someone in need, and Blaise and Dillenseger (2023) focussed on caregivers’ life

satisfaction as an outcome.

In contrast to these previous efforts, this chapter examines maternal mental health
spillovers of child morbidity, and motivated by a requirement for spillover estimates
across the spectrum of disease, the sample is categorised based on the nature of the care
recipients’ health condition. Specifically, the analysis uses longitudinal data from the
Growing Up in Ireland (GUI) study (McNamara et al., 2021), and a system Generalized
Method of Moments (GMM) approach, to estimate this relationship. In doing so, the
chapter makes a number of contributions to the literature on health spillovers. First, it

presents evidence of substantial mental health spillovers among mothers related to
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chronic mental/behavioural and other health problems experienced by the child. Second,
it shows that the magnitude of spillovers is strongly related to illness/disease severity.
Third, corroborating the findings of Chapter 2, it suggests that spillovers likely manifest
to a greater extent in families that are financially deprived. Overall these findings provide
support for those calls for spillover incorporation into the economic evaluation of
paediatric interventions and motivate, as a priority, the collection of primary caregiver
outcomes, alongside patient outcomes, in clinical trials of paediatric interventions
targeting mental and behavioural disorders and other health conditions. They also imply
that interventions aimed at ameliorating negative health spillovers should be directed, in

the first instance, toward financially disadvantaged families.

The chapter proceeds as follows: Section 5.2 denotes the data employed, and Section 5.3
the estimation strategy. Section 5.4 presents the results of the analysis. Section 5.5

contextualises and discusses these findings, and Section 5.6 then concludes.

5.2 Data

The GUI national longitudinal study of children and young people has, for more than 15
years, followed the progress of children in the Republic of Ireland (Growing Up in
Ireland, 2024). Data from Cohort *98 is analysed, the first wave of which saw the families
of 8,568 9-year-old children interviewed in 2008/9.!° These families were then surveyed
again when the specified “study child” was 13, 17/18, and 20 years of age. The study has
a fixed panel design and attrition is relatively low for surveys of this type; of the initial
8,568 families, 7,525 responded at wave 2 (2011/12), 6,216 at wave 3 (2015/16), and
5,190 at wave 4 (2019) (McNamara et al., 2021).

This chapter’s focus (i.e., maternal health spillovers) necessitates that, from the complete
data set, the sample is restricted to only those families encompassing mothers (self-
selected resident primary caregivers identifying as biological, step (inc. parents’ partners)
or adoptive mothers of the study child), in addition to the study child themselves and any

other household member present.!! The sample is further limited to include only

10 GUI Researcher Microdata Files (RMFs) were employed in this analysis. Access to these RMFs is strictly
controlled by the Central Statistics Office (CSO) and is subject to the approval of the Director General of
the CSO (Central Statistics Office, 2023). Upon approval, the datasets were then accessed, viewed, and
analysed securely and remotely via a Research Data Portal (RDP).

' The vast majority of fathers who took part in the survey were interviewed as secondary caregivers in
waves 1, 2 and 3. I do not undertake the same analysis for fathers as for mothers due to cell size constraints.
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respondents surveyed across all four waves, thus creating a balanced panel. For further

details of the analysis sample derivation, see Figure M.1 in Appendix M.

Depressive symptomatology amongst mothers was measured using the 8-item version of
the Center for Epidemiologic Studies Depression Scale (CES-D). The CES-D has been
widely used as a screening instrument for depression in the general population. The
composite score of the instrument ranges from 0 to 24, and is calculated by additive
summation of the 8 item responses (answered on a 4-point Likert scale, ranging from 0
to 3), with higher scores indicating the presence of more symptomatology. A composite
score of >7 is indicative of the respondent being depressed (McNamara et al., 2021).
While such a threshold may be of value in determining the clinical relevance of
symptoms (Gallagher et al., 2018), mental health and illness constitute a spectrum (Lathe
etal., 2024), and therefore, in addition to a discretised depression indicator, the composite
CES-D score of the respondent is also employed as an outcome measure. Sample
descriptive statistics for the outcome variables are presented in Table 5.1, while
additional details, including CES-D item wording and scoring, can be found in Appendix

N.
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Table 5.1 Variable Definitions and Sample Descriptive Statistics

Variable

Categories/Definition

Wave 1

Mean (SD) or %

Wave 2

Wave 3

Wave 4

Mental Health Measures

Depression Score

CES-D 8; range 0-24

1.900 (3.057)

2310 (3.222)

2.636 (3.414)

2.613 (3.270)

Depression Status =0 if CES-D Score <=6 88.39% 89.99% 87.34% 88.46%
=1if CES-D Score > 6 6.06% 9.48% 11.47% 10.18%
=. if missing 5.55% 0.53% 1.19% 1.36%
Child Characteristics
Ongoing Chronic = 0 if no chronic illness/disability 90.13% 90.32% 86.35% 85.11%
Iliness/Disability: = 1if chronically ill/disabled 9.87% 9.63% 13.51% 14.77%
Any =. if missing - 0.05% 0.15% 0.12%
Ongoing Chronic = 0 if no respiratory problems 95.25% 95.27% 96.41% 97.65%
Iliness/Disability: = 1 if respiratory problems 4.70% 4.12% 3.18% 2.35%
Respiratory =. if missing 0.05% 0.61% 0.41% -
Ongoing Chronic = 0 if no nervous system problems * 98.88% 98.55% 99.20%
liness/Disability: = 1 if nervous system problems * * 1.04% 0.80%
Nervous System =. if missing 0.05% * 0.41% -
Ongoing Chronic = 0 if no endocrine system problems * 99.03% 98.71% 99.13%
Lliness/Disability: =1 if endocrine system problems * * 0.87% 0.87%
Endocrine System =. if missing 0.05% * 0.41% -
Ongoing Chronic = 0 if no digestive system problems * 98.81% 98.69% 99.10%
Iliness/Disability: =1 if digestive system problems * * 0.90% 0.90%
Digestive System =. if missing 0.05% * 0.41% -
Ongoing Chronic = 0 if no musculoskeletal problems * 98.62% 98.18% 98.69%
liness/Disability: = 1 if musculoskeletal problems * 0.78% 1.41% 1.31%
Musculoskeletal System = . if missing 0.05% 0.61% 0.41% -
Ongoing Chronic = 0 if no mental/behavioural problems 98.23% 97.67% 94.45% 92.43%
liness/Disability: = 1 if mental/behavioural problems 1.72% 1.72% 5.14% 7.57%
Mental and =. if missing 0.05% 0.61% 0.41% -
Behavioural
Ongoing Chronic = 0 if no health problems of other category 97.62% 97.72% 97.36% 98.23%
Lliness/Disability: = 1 if other health problems 2.33% 1.67% 2.23% 1.77%
Other =. if missing 0.05% 0.61% 0.41% -
Child Hampered by = 0 if no chronic illness/disability 90.13% 90.32% 86.35% 85.11%
Chronic =1 if chronically ill/disabled & not hampered 6.11% 5.00% 3.61% 3.86%
Iliness/Disability =2 if chronically ill/disabled & somewhat hampered * * 7.93% 9.34%
= 3 if chronically ill/disabled & severely hampered * * 1.94% 1.58%
=. if missing - 0.05% 0.17% 0.12%
Personal Characteristics
Age Age of mother 40.345 (5.000) 44.330 (5.005) 48.680 (4.995) 51.433 (4.983)
Age Squared Age of mother squared 1,652.742 (397.764) 1,990.220 (437.668) 2,394.704 (480.079) 2,670.138 (506.087)
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Table 5.1 Cont.

Self-Rated Health =0 if poor
= 1 if fair
=2 if good
=3 if very good
=4 if excellent
= . if missing
Employment Status =0 if employee
=1 if self-employed (incl. farmer)
= 2 if student/training/unemployed
=3 if home duties/retired
= 4 if other (incl. long term sickness/disability)
= . if missing
Household Characteristics
Household Composition= 0 if single parent & one or two children
=1 if single parent & three or more children
=2 if two parents & one or two children
=3 if two parents & three or more children
= . if missing
Household Social Class= 0 if professional/managerial
=1 if skilled
=2 if semi-skilled or unskilled
= 3 if otherwise gainfully occupied & unknown
= 4 if validly no social class
= . if missing
Household Deprivation = 0 if not materially deprived
=1 if materially deprived
= . if missing
Equivalised Household = 0 if lowest
Annual Income Quintile= 1 if 2nd
=2if 3rd
=3 if 4th
= 4 if highest
= . if missing

Observations

*
*

18.96%
40.98%
35.50%
51.99%
7.40%
2.52%
37.29%
0.75%
0.05%

6.01%
2.59%
37.44%
53.95%

58.32%
30.99%
7.35%

3.32%
0.02%
98.84%
1.09%
0.07%
9.51%
15.28%
18.53%
23.08%
26.45%
7.15%

1.02%
4.68%
19.28%

40.25%
34.77%
55.55%

8.63%

3.95%
29.66%
2.21%

7.54%

3.06%
45.68%
43.72%

59.29%
29.15%
7.03%

*
*

94.67%
5.26%
0.07%
12.61%
14.82%
17.24%
22.45%
25.97%
6.91%

4,124

0.80%
4.53%
20.03%
40.76%
33.87%
60.89%
9.04%
3.44%
22.67%
3.95%

10.50%
2.59%
58.95%
27.96%

54.24%
27.35%
*

*

9.21%
93.87%
6.01%
0.12%
10.96%
14.43%
18.53%
20.68%
26.31%
9.09%

1.12%
5.58%
21.02%
41.56%
30.72%
65.03%
9.34%
2.33%
19.42%
3.52%
0.36%

13.72%
0.75%
78.88%
6.64%

59.07%
28.06%
7.35%

*
*

0.02%
95.93%
4.05%
0.02%
10.67%
14.69%
18.04%
20.90%
24.81%
10.89%

Notes: *, Cell size < 30 or potentially disclosive of cell size < 30. CES-D, 8-item Centre for Epidemiological Studies Depression Scale.

Source: Analysis of Growing Up in Ireland study data, Cohort *98, waves 1 to 4.
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Chapter 5 Maternal Spillovers from Child Morbidity

In waves 1 and 2 of the study, the primary caregiver was asked “Does [the Study Child]
have any on-going chronic physical or mental health problem, illness or disability?”, with
the young person themselves being asked this question directly in waves 3 and 4. If such
a problem, illness or disability was reported, the respondent was then asked to elaborate
as to its nature (for wording of questions across waves, see Table O.1 in Appendix O).
Based on this response, diagnoses (as opposed to symptoms of the problem) were
recorded by the interviewer and, in waves 1, 2 and 3, grouped into 16 categories based
on the International Classification of Diseases 10th Revision (ICD-10) (World Health
Organization, 2004). In wave 4 however, likely due to implementation of control criteria
to prevent statistical disclosure as a result of small cell sizes associated with certain
categories of health problem,!? a greater degree of aggregation was undertaken. As such,
to allow for harmonisation of disease/health problem categorisation across waves, it was
necessary to group those more granular categories included in waves 1 through 3 to
accord with the wave 4 groupings. Specifically, 7 harmonised categories were created to
indicate whether the study child had experienced ongoing chronic respiratory, nervous
system, endocrine, digestive, musculoskeletal, mental and behavioural, and/or other
health problems, with the harmonised variables available for the same study child across
all waves. It is important to note that the presence of these chronic health problems is
based on subjective report, not being confirmed by a healthcare professional or verified
by medical records. The possibility of response bias on the part of either the caregiver or
child cannot, therefore, be fully ruled out (Mohan, 2021). Variable definitions and sample
descriptive statistics are presented in Table 5.1. For more detail on the types of chronic

health problem included within each category, please see Table O.2 in Appendix O.

5.3 Methodology

The analysis seeks to address unobserved heterogeneity by controlling for both time-
invariant personal characteristics, such as ethnicity or cultural traits, while
simultaneously tackling reverse causality by conditioning on lagged mental health. Our

main econometric specification, thus, takes the following form:

12 GUI personal communication, 20 October 2023.
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MH; = BiMH;_q + B,HSCyy + B3 X + a; + 60+ €54 [5.1]

where maternal mental health, MH;;, is a function of MH;,_;, the individual’s own
mental health at the previous time point; HSC;;, the health status of their child; X;;, a
vector of time-varying characteristics including age, age squared, employment status,
household composition, household social class, equivalised household income, and
material deprivation;'® @;, a set of dummies that capture time-invariant child, parent and
household characteristics; &;, a vector of wave dummies used to capture any secular
trends and avoid cross-individual correlation (Roodman, 2009a); and ¢, the

idiosyncratic error term.

Estimating this model is, however, not possible via ordinary least squares (OLS) or
regular fixed effects (FE) regression, as the lagged dependent variable will correlate with
the fixed effects in the error term, giving rise to dynamic panel bias and inconsistent
estimates (Black et al., 2015; Bom et al., 2019; Roodman, 2009a). This is particularly
problematic when the dataset contains many observations but relatively few waves (i.e.,
a ‘small 7, large N’ panel) (Nickell, 1981), as is the case with the GUI data employed
herein. Accordingly, a system GMM estimator is used (Blundell and Bond, 1998), and

as such, in addition to a regression based on [1], estimates the first differences of [1]:
AMH;e = B1AMH; 1 + B,AHSCye + B3 AX; + Agyy [5.2]

With system GMM, lagged first differences of the dependent variable and other suitable
variables are used as “internal” instruments (Roodman, 2009a) in the level equation,
[5.1], with lagged variables in levels being employed as instruments in the first
differenced equation, [5.2]."* While the difference equation eliminates unobserved
heterogeneity, both equations account for other sources of heterogeneity (Blaise and
Dillenseger, 2023).!5 The consistency of system GMM estimates is contingent upon the

exogeneity of the instrument set (i.e., it must not be correlated with the error term). To

13 See Table 5.1 for more details of these variables. The measure of material deprivation is derived from a
GUI question which enquired as to whether the household could afford a list of nine items (e.g., new rather
than second-hand clothes, presents for family or friends at least once a year, etc.). A response of ‘no, cannot
afford’ to two or more items from the list indicated material deprivation (Mohan, 2022).

4 Wave dummies, age and age squared are treated as exogenous. Self-rated health and employment status
are treated as endogenous and instrumented accordingly. All other regressors including the lag of mental
health are treated as predetermined, being proxied as such (Roodman, 2009a).

15 For comparison, the results of static models estimated by OLS and FE are also presented.
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test this hypothesis, the Hansen’s J test of overidentifying restrictions is employed. A
statistically significant finding indicates that the set of instruments is correlated with
unobserved factors and, thus, invalid (Blaise and Dillenseger, 2023; Bom et al., 2019).
Instrument proliferation, however, may weaken the Hansen’s J test, as well as overfitting
endogenous variables (Roodman, 2009b). Although there is no consensus as to what
constitutes “too many instruments”, the rule-of-thumb that instruments should not
outnumber individual units is adhered to (Blaise and Dillenseger, 2023; Roodman,

2009a).'6

Analyses were conducted using Stata/SE 17 (Stata Corp, College Station, TX). In
particular, twostep, robust estimates from Roodman's xtabond2 command are presented

(Roodman, 2009a).

5.4 Results

5.4.1 Main Analysis

Table 5.2 presents the results of the main dynamic specification, in addition to estimates
retrieved from simpler static models, for comparison. The system GMM coefficients
imply that a child’s experience of chronic conditions of the nervous system is associated
with a practically large (10 percentage point) increase in the probability of maternal
depression, as measured by the CES-D instrument. It should, though, be noted that this
estimate is only statistically significant at the 10-percent level. Similarly, associated with
experience of chronic mental and behavioural disorder(s) by the child, a statistically
significant 5 percentage point increase in the probability of depression is observed among
mothers. Comparing these findings to the results of the static models, the FE estimate
applicable to chronic conditions of the nervous system is larger again and highly
statistically significant though potentially biased by direct selection, and the OLS
estimate, not accounting for individual fixed effects, is smaller but still significant at the
10-percent level. While results similar to those of the dynamic model, relating to
mental/behavioural conditions, are not seen in the FE model, they do generally accord
with the OLS estimation results. Contrary to these findings, a child’s experience of

chronic diseases of the endocrine system is, however, associated with a decreased

16 1t should also be noted that our main linear probability model is necessarily misspecified, representing a
linear approximation of the true non-linear conditional mean. While this affects the efficiency of GMM
estimators, it does not impact their consistency (Buchmueller et al., 2021).
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probability of maternal depression. Potential reasons for this seemingly anomalous result
are suggested in the discussion section. It is also important to note that, with regard to
the main specification, the Hansen’s J test is passed: the null hypothesis that the
instruments are valid cannot be rejected. Moreover, the Hansen’s J test p-value also falls
within the more conservative interval (0.10-0.25) suggested by Roodman (2009a). With
respect to instrument proliferation, the number of instruments does not exceed the
number of individuals, and the aforementioned rule-of-thumb is, thus, also adhered to.

For full results of these models, please see Appendix P.

Table 5.2 Estimates of Linear Probability Models of Maternal Depression Status

OLS Fixed Effects System GMM
HSCi: Respiratory -0.001 -0.015 -0.041
(0.013) (0.017) (0.028)
HSCi: Nervous 0.077* 0.13 ] %% 0.100*
(0.040) (0.050) (0.059)
HSCir: Endocrine -0.046* -0.016 -0.059%*
(0.025) (0.042) (0.030)
HSCu: Digestive 0.044 0.016 0.047
(0.032) (0.035) (0.043)
HSCir: Musculoskeletal 0.029 0.022 -0.014
(0.029) (0.034) (0.034)
HSCir: Mental/Behavioural 0.075%** 0.021 0.050%*
(0.016) (0.017) (0.021)
HSCi: Other 0.028 0.021 -0.016
(0.020) (0.021) (0.032)
MHTit 0.103%**
(0.029)
Individual FEs No Yes Yes
Wave FEs Yes Yes Yes
Observations 14,732 14,732 10,856
Unique Individuals 4,107 4,044
Number of Instruments 200
Hansen p-value 0.201

Notes: Robust standard errors reported in parentheses. All models include wave dummies and control for age, age
squared, self-rated health, employment status, household composition, household social class, material deprivation,
and equivalised household income. The system GMM model also controls for the lag of mental health. In the
dynamic model, wave dummies, age, and age squared are treated as exogenous. Self-rated health and employment
status are treated as endogenous. All other regressors are considered pre-determined. HSCj; refers to child health
status with the parameter estimates specific to described child health problems. MHIj.; are the parameter estimates
of the lagged dependent variable. *** p<0.01, ** p<0.05, * p<0.1.

85



5.4.2 Extensions

Considering the results of the CES-D score model, presented in Table 5.3, it can be seen
that both the dynamic system GMM and static OLS models indicate that the child’s
experience of mental/behavioural disorders is associated with increases in CES-D score
more generally. Although differing in magnitude, both coefficients are statistically
significant at the 1-percent level, and correspond with the findings of the main linear
probability models above. The findings of the FE model suggest, in contrast to the
preferred dynamic model, that child health problems of the ‘Other’ category are

associated with increases in maternal CES-D score.

Table 5.3 Estimates of Maternal CES-D Score Models

OLS Fixed Effects System GMM
HSCi: Respiratory 0.089 -0.007 0.078
(0.148) (0.173) (0.297)
HSCi: Nervous 0.583 0.896* 0.025
(0.397) (0.484) (0.647)
HSCi: Endocrine -0.091 -0.326 -0.464
(0.253) (0.428) (0.403)
HSCi: Digestive 0.674* 0.495 0.520
(0.392) (0.423) (0.545)
HSCir: Musculoskeletal 0.358 0.184 -0.231
(0.301) (0.331) (0.342)
HSCir: Mental/Behavioural 1.065%%* 0.051 (0.528%k*
(0.169) (0.169) (0.194)
HSCi: Other 0.406* 0.489%* 0.096
(0.230) (0.228) (0.340)
MHIi 0. 111%**
(0.030)
Individual FEs No Yes Yes
Wave FEs Yes Yes Yes
Observations 14,732 14,732 10,856
Unique Individuals 4,107 4,044
Number of Instruments 200
Hansen p-value 0.121

Notes: Robust standard errors reported in parentheses. All models include wave dummies and control for age, age
squared, self-rated health, employment status, household composition, household social class, material deprivation,
and equivalised household income. The system GMM model also controls for the lag of mental health. In the
dynamic model, wave dummies, age, and age squared are treated as exogenous. Self-rated health and employment
status are treated as endogenous. All other regressors are considered pre-determined. HSCj; refers to child health
status with the parameter estimates specific to described child health problems. AMHIj.; are the parameter estimates
of the lagged dependent variable (maternal CES-D score in this instance). CES-D, 8-item Centre for

Epidemiological Studies Depression Scale. *** p<0.01, ** p<0.05, * p<0.1.
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Examination of the constituents of each category of health problem/illness/disability
reveal a considerable degree of intracategory heterogeneity, in terms of condition severity
(see Appendix O, Table O.2). For example, the respiratory category of ongoing child
chronic illness/disability contains both asthma, which often presents in milder form
(Ding and Small, 2017), as well as more typically severe chronic respiratory illnesses,
such as bronchiectasis (Gray et al., 2021). As such, in a further extension, the extent to
which children are hampered in their daily activities by their chronic health problems is
employed as a proxy for health problem severity, investigating how the severity of child
health problems might impact maternal depression status. Additionally, similar models
are estimated using sub-samples based on the level of household deprivation. As
evidenced in Table 5.4, severe child health problems are associated with large negative

mental health spillovers among mothers.
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Table 5.4 Estimates of Linear Probability Models of Maternal Depression Status:
Based on Severity of Any Child Health Problems/Illness/Disability; Full Sample and
By Household Deprivation Level

System GMM

Full Sample Deprived Not Deprived
HSCi: Child I1I/Disabled, Not Hampered -0.009 -0.033 -0.005

(0.019) (0.105) (0.019)
HSCi: Child I1l/Disabled, Somewhat Hampered () 011 0.035 0.011

(0.017) (0.081) (0.017)
HSCi: Child Ill/Disabled, Severely Hampered 0.120%%* 0.412%* 0.085%

(0.044) (0.204) (0.048)
MHTit 0.106%** 0.089 0.107%**

(0.029) (0.091) (0.029)
Individual FEs Yes Yes Yes
Wave FEs Yes Yes Yes
Observations 10,880 572 10,308
Unique Individuals 4,046 400 3,980
Number of Instruments 168 160 157
Hansen p-value 0.138 0.215 0.29

Notes: Robust standard errors reported in parentheses. All models include wave dummies and control
for age, age squared, self-rated health, employment status, household composition, household social
class and equivalised household income. The model employing the full sample also controls for material
deprivation. Wave dummies, age, and age squared are treated as exogenous. Self-rated health and
employment status are treated as endogenous. All other regressors are considered pre-determined. HSCi
refers to child health status with the parameter estimates referring to severity of the health problems.
MHI.; are the parameter estimates of the lagged dependent variable. The dynamic model is estimated
via System GMM and the static model via within-individual estimation. *** p<0.01, ** p<0.05, * p<0.1.

In particular, report of severe hampering is associated with a practically and statistically
significant 12 percentage point increase in the probability of report of maternal
depression. In the sub-sample analyses, a much larger association between severe child
illness and maternal depression is observed in deprived households, with smaller mental
health spillovers in the non-deprived sub-sample analysis (though, still statistically
significant at the 10-percent level), suggesting that the extent of spillovers may be
moderated by household resources. It also worth noting that for all of the models
conducted as extensions to the main analysis, the Hansen’s J test p-value was statistically

insignificant, and instrument count acceptable.!”

17 Given that the deprived sub-sample size is relatively small, this model was also estimated using the
‘small’ optional qualifier, which requests small-sample corrections to the covariance matrix estimate
(Roodman, 2009a). The estimates and their interpretation were barely affected by its inclusion.
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System GMM relies on the assumption that there is no serial correlation among errors.
Although the requisite number of waves to formally test for second order autocorrelation
in error terms are not available, one might mitigate the risk of serial correlation by
employing only deeper lags as instruments. However, it has been suggested that there is
a trade-off between the remaining serial correlation and statistical power when using
GMM: both are said to decrease with older realisations (Blaise and Dillenseger, 2023).
Accordingly, to reduce serial correlation while retaining statistical power, a model with
an alternative instrument set with the lag of mental health being instrumented with only
the oldest realisation of this lagged outcome is estimated. The results of this analysis are
presented in Table Q.1 (see Appendix Q). The results bear marked similarity to those of
the main analysis. It is important to note, however, that on the basis of this alternative
specification, the coefficient on lagged outcome loses significance indicating that current

mental health does not rely on its previous realisation.

Although our main specification controls for maternal self-rated health, to more fully
exclude the possibility that people with chronic or serious illness may gravitate together
in households (Henry and Cullinan, 2021; Wittenberg et al., 2013a), in a further
robustness check the child’s experience of any serious illness or injury in their family is
instead controlled for (see Appendix Q, Table Q.1).!® While there are some disparities
with our main findings (most notably in relation to child mental/behavioural problems),
in general, these results are indicative of substantial spillovers (both positive and

negative) associated with various types of child health problem/illness/disability.

Lastly, as regards robustness checks, how the severity of child health problems might
impact upon maternal CES-D score is investigated. As expected, report of severe
hampering due to the health problem is associated with large and statistically significant
increases in maternal CES-D. It should be noted though, that in this instance, the
Hansen’s J test p-value falls below the 0.1 threshold, thus raising doubt as to the

instruments’ validity.

18 Report of the child’s experience of serious family illness/injury only appears to be included in the first
3 waves of the survey, and hence, this variable is not included in the main model.
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5.4 Discussion

While previous literature has shown evidence of health spillovers among parents of ill or
disabled children, these studies have often been cross-sectional in nature. Moreover, this
longitudinal analysis, although not the first study to examine the spillover phenomenon
across the spectrum of disease (Wittenberg et al., 2013a), is, to my knowledge, novel in
applying dynamic panel data methods to investigate how spillover varies on the basis of
the care recipients’ health condition(s). Employing data from an Irish survey of children
and their families, a child’s experience of chronic mental and behavioural disorders,
nervous system disease, or endocrine system disease is found to be independently

associated with large mental health spillovers among mothers.

In observing maternal spillovers associated with mental and behavioural disorders in the
child, these results accord with those of Tubeuf et al. (2019), Lavelle et al. (2019b), and
Kuhlthau et al. (2014). With regard to diseases of the endocrine system, the reported
positive mental health spillover is somewhat surprising, though also not unprecedented.
For example, in studying the spillover effects of various forms of illness in a US
population sample, Wittenberg et al. (2013a) found that adult household members’
existing neoplasms had a positive spillover effect, such that these cancers increased the
HRQOL of surrounding individuals. The authors suggest this may be an indication of
adaption to illness. Though the analysis does directly examine the mechanisms
underlying the positive spillover of endocrine diseases observed in this setting, recent
evidence, also in the context of an endocrine disease (i.e., diabetes), uncovered
substantial spillover effects from an individual’s diagnosis of diabetes, taking the form
of physical activity increases among partners (Thomas and Mentzakis, 2024). It may be
that adaption in family behaviours is, likewise, at the root of the observed positive

spillovers.

The finding that a child’s experience of severe health problems is associated with
substantial negative mental health spillovers concurs with previous dynamic panel
studies. As described earlier, Coe and Van Houtven (2009) observed evidence of similar
negative mental health consequences among caregivers, and Bom et al. (2019) described
health effects among those who care for and about the care recipient. In differentiating
between the ‘family effect’ and ‘caregiving effect’, Bom et al. (2019) in particular, spoke

to the nuance in the mechanisms of observed impacts. While the data did not permit me
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to differentiate these potential sources of spillover, it did allow me to distinguish between
what might be expected in terms of parental caregiving burden and emotional toll from

that specifically related to health spillovers.

There are other limitations to this analysis which must be noted. For instance, recent
literature speaks to the potential for spillovers to evade detection by current measures
(Henry and Cullinan, 2021; Wittenberg et al., 2013a). As mentioned in Chapter 2, novel
quality-of-life measures which aim to capture quality of life more broadly (and thus, may
be more suited to spillover measurement) have been developed. One such measure, the
nine-item short form of the EuroQol Health and Wellbeing instrument (EQ-HWB-S) is,
indeed, currently being evaluated in terms of its ability to more fully capture health
spillovers across various caregiving contexts (Bailey et al., 2024). Consequently, in
employing a widely used measure of only depressive symptomatology, it is likely that
the estimates presented herein are a lower bound of spillover felt more broadly across
numerous aspects of maternal quality of life. Clearly, further evidence, potentially

making use of such novel measures, is called for.

As regards our approach, the use of a system GMM estimator involves a variety of
choices on the part of the researcher (Roodman, 2009a). This chapter has, thus, attempted
to be as transparent as possible in delineating the specific choices and assumptions. It is,
though, also important to note that the approach relies on a further non-trivial assumption:
the “mean-stationarity assumption”, which necessitates that changes in instrumenting
variables are uncorrelated with the fixed effects. That is to say that, throughout the study
period, individuals sampled should not be too far from steady states, such that deviations
from long-run means do not systematically relate to fixed effects (Roodman, 2009a).
However, given that T in this dataset is particularly small and our model dynamic, non-
stationarity is not of foremost concern. Having said that, it may still invalidate the
instruments of the level equation. Lastly, while this analysis has attempted to control for
the majority of time-varying factors which may relate to child health and one’s own
mental health, it is not inconceivable that there may be others. Thus, the results are

framed as independent associations as opposed to causal effects.

Interpreted causally, however, the findings would add further weight to the numerous
calls for the inclusion of caregiver outcomes in the economic evaluation of child health

services (Tilford and Tarlan, 2023). They also support the consensus guidelines of the
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SHEER task force (described in Chapter 3) advocating for the collection of primary
caregiver outcomes alongside patient outcomes in clinical trials (Henry et al., 2024),
especially in contexts where spillovers are likely to be substantial, such as in the context
of child mental/behavioural disorders and severe illness more generally. Furthermore, the
finding that the extent of spillover appears to vary with household deprivation adds to
other recent evidence (as detailed in Chapter 2) of a socioeconomic gradient in spillover
magnitude and supports the notion of a circularity of outcomes within poorer households
(i.e., deprived households having poorer health outcomes, higher levels of spillover, and
possibly, further adverse economic consequences) (Henry and Cullinan, 2021). This,
again, suggests that interventions aimed at moderating the negative wider consequences
of illness should, in the first instance, be directed toward these financially disadvantaged

families.

5.5 Conclusion

With the potential consequences of family illness, for caregivers and others, having been
foregrounded in recent years, the need to establish how these spillovers might fluctuate
across the spectrum of disease has been duly highlighted. This analysis, observing health
spillovers associated with certain categories of disease but not others, draws further
attention to their context specificity. However, in general, a child’s experience of severe
illness was associated with substantial mental health decrements on the part of the
mother. Accordingly, the incorporation of caregiver outcomes into the economic
evaluation of child health services is necessary in portraying the full range of

consequences of child health and illness.
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6 Conclusion

6.1 Introduction

Overall, this thesis has sought to estimate the extent of health spillovers related to various
forms of family illness, and establish how these estimates might be incorporated into
health economic evaluation in an equitable and consistent manner. In doing so, the thesis
has pursued answers to a variety of research questions which, although outwardly
disparate, share a commonality as key issues within the spillover research space.
Naturally, in addressing these questions, the included analyses have helped identify other
topics and issues requiring investigation. Thus, in addition to summarising the main
findings and implications of the work in Section 6.2, this final chapter will also make

note of some overarching limitations and broad areas for future study in Section 6.3.

6.2 Main Findings and Policy Implications

Broadening of the scope of health economic evaluation to include health spillovers is, in
principle, of value in more fully informing healthcare decision-making. It does, however,
present analysts with an array of challenges around the accurate and just consideration of
spillovers. Apt words of caution pertaining to these challenges, and related gaps in the
extant evidence base have, thus, motivated the various strands of research brought

together in this thesis.

More specifically, Chapter 2 described an empirical study dealing with the non-trivial
estimation of health spillovers, and differentiated between spillovers arising from ‘caring
for’ and ‘caring about’ a seriously ill family member. In contrast, Chapter 3 delineated
the proceedings and outputs of the SHEER task force, which I convened in response to
calls for consensus guidance to promote emerging good practice in accounting for health
spillovers in CEA. Chapter 4 then addressed a prominent concern that spillover
incorporation into health economic evaluation may challenge the equity of resource
allocation. Chapter 5, lastly, resumed the empirical focus of Chapter 2, but in this
instance, motivated a requirement for longitudinal evidence, employed panel data and

estimated spillover in the context of a variety of disease types.

Focusing on Chapter 2, this analysis employed Irish EQ-5D-5L population norms,

combining [IPW and MVOP regression in a doubly robust estimation of the relationship
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Chapter 6 Conclusion

between an individual’s serious illness and the mental health of their family members,
independent of their caregiver experience. The results indicate that serious family illness
is associated with large mental health decrements that are independent of caregiving
responsibilities, and that these decrements are consistent with an average reduction of
1.3% in health utility for non-caregiving family members, implying deteriorations in
population health beyond those more overtly attributable to serious illness. Chapter 2,
furthermore, presented important sub-sample analyses which suggested that spillovers
may be substantially worse for those with fewer resources. These findings suggest that
the provision of mental health supports and services may be insufficient unless the

increased demand related to spillovers is accounted for.

Chapter 3 then sought to concurrently tackle tendencies toward the omission of spillovers
from CEA, and high levels of methodological variation in those efforts that have
incorporated spillovers, by providing consensus guidelines for their inclusion in analyses.
These recommendations, based on the opinion of subject matter experts and developed
via mNGT, relate to a range of issues including (but not limited to) sufficient time
horizons to capture spillover, sources of spillover data, and the aggregation of spillover
and patient outcomes. Furthermore, given the still-nascent state of the science as regards
spillover, 12 avenues for future research were proposed. Among the avenues described,
the employment of longitudinal designs in studying spillovers, and investigation of their
distributional consequences were both foregrounded as research priorities. These future
research priorities have, in part, motivated the subsequent chapters of this thesis. In terms
of implications, it is important to note that the consensus guidance contained within this
chapter is likely to become increasingly relevant in the presence of increasing levels of
dependency and comorbidity, changing family compositions, and new life-prolonging

healthcare technologies.

Though the preceding chapters had engaged with the largely positive questions of how
to estimate and incorporate spillovers, Chapter 4, impelled by the debate surrounding the
normative justifiability of their inclusion in economic evaluation, and the aforementioned
future research recommendations of SHEER, described an approach to address the
distributional consequences of this incorporation. With prioritarian underpinnings, the
approach relies on a strictly increasing and strictly concave transformation of health

gains. Where deemed appropriate, the method may be employed in prioritising patient
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health benefits in CEA. This, in turn, would allow for moderation of the distributional
consequences of spillover inclusion, and what might be viewed as a more equitable
apportioning of scarce healthcare resources. Given its practical emphasis, this chapter

also illustrated application of the proposed method via a hypothetical example.

While Chapter 2 used cross-sectional data in estimating mental health decrements
associated with serious illness more generally, Chapter 5 expanded upon this analysis,
employing longitudinal data from the GUI study and dynamic panel data methods to
estimate the extent of maternal mental health spillovers across the spectrum of child
illness. Substantial mental health spillovers were observed among mothers of children
with chronic mental and behavioural disorders, nervous system disease, or endocrine
system disease. These results support the recommendation of the SHEER task force for
collection of primary caregiver outcomes alongside patient outcomes in clinical trials,
especially where spillovers are likely to be substantial, such as in the context of child
mental/behavioural disorders and severe illness more generally. Moreover, sub-sample
analyses, in again revealing that spillovers likely manifest to a greater extent in families

that are financially deprived, corroborate those earlier findings of Chapter 2.

6.3 Limitations and Future Research

This section introduces a discussion of some broad, overarching limitations and future
study areas. These should be considered in addition to the specific limitations and
suggested avenues for future research pertaining to the individual articles, which were

discussed in their respective chapters.

Much of the recent discussion on the subject of spillovers has centred around the notion
of a “carer QALY trap”, whereby an intervention affording survival gains to a patient
(with little or no QoL gain) could, in turn, lead caregivers to lose QALY's to an extent
that would result in a net QALY loss (Landfeldt and Sandhu, 2024; Mott et al., 2023;
Tilford and Tarlan, 2023). Understandably, patient experts viewed the implication that a
patient’s earlier death would maximise caregiver QoL as "perverse".!” It has been
suggested that the described trap is the result of a misestimation of caregiver QALYS,

owing to a failure to account for the disutility related to caregiver bereavement (Landfeldt

19 Views expressed in relation to a real-world example of the carer QALY trap, observed in the context of
a NICE technology appraisal of spinal muscular atrophy treatment (NICE, 2019).
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and Sandhu, 2024; Tilford and Tarlan, 2023). While the empirical estimation of such a
‘bereavement effect” was beyond the scope of this research, the thesis does highlight the
need for a better understanding of the impact of bereavement on the HRQoL of caregivers
(and other family members). This will provide a firmer basis for the incorporation of
bereavement effects into CEA, if deemed warranted, with a view to furthering the
efficiency and equity of resource allocation (Landfeldt and Sandhu, 2024; Riley et al.,
2023; Tilford and Tarlan, 2023).

The inputs of the patient experts as regards the carer QALY trap proffer an important
reminder of the pivotal role public and patient involvement (PPI) can play in informing
health economic research. Continued partnership with the patients, caregivers and the
wider public, drawing upon their “expertise through experience” in studying spillovers
(National Institute for Health Research, 2015), will, therefore, likely contribute greatly
to the quality and timeliness of that research (Al-Janabi et al., 2021a). While the shared
perspectives of both patients and caregivers on the recommendations described in
Chapter 3 were of great value in contextualising those findings and affirming their
relevance, more could potentially have been done to embed their collective voice in other

aspects of this research.

Evidence of a socioeconomic gradient in spillover magnitude was observed in the sub-
sample analyses specific to Chapters 2 and 5 of this thesis. Beyond suggestion that
interventions ameliorating negative health spillovers should be directed toward those
households with fewer resources, there was, however, no further discussion of how this
could be achieved, or importantly, the form these interventions might take. For example,
spillovers have been described as socially isolating (Wittenberg et al., 2013b), and
consequently, social support mechanisms may mediate the relationship between stressors
and psychological outcomes among caregivers (Pinquart and Soérensen, 2005). Indeed,
interventions promoting social support among caregivers have been shown to prevent or
alleviate subjective burden (del-Pino-Casado et al., 2018). Targeted interventions,
particularly those bolstering perceptions of social support (Priego-Cubero et al., 2023),
would therefore likely be of value in mitigating those mental health spillovers of illness
prevalent among deprived households, and should be designed for, and implemented

within, these marginalised populations.

96



Chapter 6 Conclusion

6.4 Concluding Remarks

Researchers and policymakers are increasingly cognisant of the importance of an
individual’s health status for the health of others, most notably their caregivers and
broader family network. There have, therefore, been various calls for the incorporation
of the wider consequences of illness (and interventions targeting that illness) into
economic evaluation. However, modelling these impacts has remained acutely
challenging, approaches to their inclusion in CEA methodologically varied, and means
of moderating their equity implications largely unexplored. Accordingly, this research,
in directly addressing each of these issues and highlighting various others, has the
potential to meaningfully advance the spillover knowledge base, more readily allowing
for those espoused expansions in the scope of economic evaluation. Furthermore, given
that the importance of the accurate and fair consideration of health spillovers is likely to
rise in concert with anticipated increases in their prevalence, moving forward, the

findings described in this thesis are also likely to grow in relevance.
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Appendix A: Health Dimension and Serious Illness Questions

Health Dimension Questions

Under each heading, please tick the ONE box that best describes your health TODAY.

MOBILITY

I have no problems in walking about

I have slight problems in walking about

I have moderate problems in walking about
I have severe problems in walking about

I am unable to walk about

[ R R A e

SELF-CARE

I have no problems washing or dressing myself

I have slight problems washing or dressing myself

I have moderate problems washing or dressing myself
I have severe problems washing or dressing myself

I am unable to wash or dress myself

[ I A B

USUAL ACTIVITIES (e.g., work, study, housework, family or leisure activities)
I have no problems doing my usual activities

I have slight problems doing my usual activities

I have moderate problems doing my usual activities
I have severe problems doing my usual activities

I am unable to do my usual activities

O

[ R A A

PAIN / DISCOMFORT

I have no pain or discomfort

I have slight pain or discomfort

I have moderate pain or discomfort
I have severe pain or discomfort

I have extreme pain or discomfort

I o A B |

ANXIETY / DEPRESSION

I am not anxious or depressed

I am slightly anxious or depressed

I am moderately anxious or depressed
I am severely anxious or depressed

I am extremely anxious or depressed

I o A B |

Serious Illness Questions

Have you experienced serious illness?

In you yourself [0 Yes 0 No
In your family [J Yes [1 No
In caring for others [J Yes [1 No
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Appendix B: Annotated Bibliography

Table B.1 Annotated Bibliography of Additional Relevant Studies

Reported

Variation

in Spillover
Citation Annotation Magnitude
Berry, H. G., On the basis of national survey data, the authors By familial
Disckind, B. B., reported that being an unpaid or informal family role

Reichard, A., &
Ruiz, S., 2020.
Health
characteristics and
outcomes of
caregivers in the
United States: An
analysis of the 2017
Health Information
National Trends
Survey (HINTS).
Disabil Health J,
13(1), 100821.

Brehaut, J.C.,
Guévremont, A.,
Arim, R.G., Garner,
R.E., Miller, A.R.,
McGrail, K.M.,
Brownell, M., Lach,
L.M., Rosenbaum,
P.L. and Kohen,
D.E., 2019. Changes
in Caregiver Health
in the Years
Surrounding the
Birth of a Child
With Health
Problems. Med
Care, 57(5), 369-
376.

caregiver to a child and an adult with a disability was
associated with experience of higher levels of
psychological distress and increased odds of a
diagnosis of depression/anxiety.

Employing a retrospective cohort study design and 11
years of linked administrative health data on all
mother-child dyads for children born in the year 2000
in British Columbia, Canada, investigators tracked the
use of health care services by new mothers and their
offspring for 3-4 years prior to birth and 6-7 years
postpartum. Prior to birth mothers of children with
health problems were found to have had more
physicians visits, to have been prescribed more
medication types, and were more likely to be
diagnosed with selected health conditions, when
compared to control mothers. Over the 7-year period
following birth, the health of the 2 groups of mothers
diverged further.

Given this increased health divergence postpartum, it
was concluded that the health issues associated with
having a child with a health problem may begin before
the birth of the child, but also appear to be exacerbated
thereafter.
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Reported

Variation
in Spillover

Citation Annotation Magnitude

Drotar, D., Hack, This study sought to document the impact and burden

M., Taylor, G., of extremely low birth weight (<1000g) on the families

Schluchter, M., of school-aged children by means of a prospective,

Andreias, L., & controlled study. They found extremely low birth

Klein, N., 2006. The weight was associated with a negative impact on the

impact of extremely family in terms of total impact and in the specific

low birth weight on ~ domains of financial impact, caretaker burden, and

the families of familial burden.

school-aged

children. Pediatrics,

117(6).

Fletcher, J., 2009. Using an instrumental variables/fixed effects approach By sex

All in the family: and data from the National Survey of Midlife

Mental health Development in the United States, this study examined

spillover effects the evidence for spillover effects of spousal mental

between working health on respondent mental health. It was found that

spouses. BE J that spousal mental health had a greater influence on

Econom Anal respondent mental health than their own mental health

Policy, 9(1), p.1. endowment, with a similar magnitude to that of their

physical health status.
Hirst, M., 2005. Examining whether transitions into and out of unpaid By sex and
Carer distress: a caregiving were associated with increased risk for by income

prospective,
population-based
study. Soc Sci Med,
61(3), 697-708.

onset of or delayed recovery from psychological
distress, this study traced distress prevalence across
successive years of caring and after ceasing
caregiving. The analysis used British Household Panel
Survey data from the 1990s. Carers providing
extended periods of heavily involved care were
observed to experience raised levels of distress, female
carers more so than male carers.

119



Reported

Variation
in Spillover
Citation Annotation Magnitude
Lawoko, S., & Investigators in this study surveyed parents of children By sex, by
Soares, J. J., 2003. with congenital heart disease, parents of children with income and
Quality of life other diseases and parents of healthy controls by by familial
among parents of means of a questionnaire including items pertaining to role
children with their quality of life and financial situation. Mothers
congenital heart were found to report lower quality of life than fathers,
disease, parents of ~ with lowest levels among mothers of children with
children with other ~ congenital heart disease. However, multivariate
diseases and parents analyses revealed that, among parents of children with
of healthy children.  congenital heart disease, reduced quality of life was
Qual Life Res, more closely associated with caregiving time, sick
12(6), 655-666. leave, pensioning, financial difficulties, distress,
hopelessness and social isolation.
Lawoko, S., & This study assessed long-term psychosocial morbidity By sex, by
Soares, J. J., 2006.  together with its determinants among parents of income and
Psychosocial children with congenital heart disease, and sought to by familial
morbidity among compare mothers and fathers with respect to a range of role

parents of children
with congenital
heart disease: a
prospective
longitudinal study.
Heart Lung, 35(5),
301-314.

Sawyer, M. G.,
Bittman, M., La
Greca, A. M.,
Crettenden, A. D.,
Harchak, T. F., &
Martin, J., 2010.
Time demands of
caring for children
with autism: What

are the implications
for maternal mental

health? J Autism
Dev Disord, 40(5),
620-628.

psychosocial variables. Consistently, mothers reported
more severe psychosocial symptoms than fathers.

Employing Australian survey data, this study found
that mothers caring for children with autism reported
a high rate of mental health problems. Increased social
support was associated with fewer mental health
problems. Conversely, mothers who reported a greater
degree of time pressure were also shown to report
more symptoms of psychological impairment.
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Citation

Annotation

Reported
Variation
in Spillover
Magnitude

Witt, W. P.,
Gottlieb, C. A.,
Hampton, J., &
Litzelman, K., 2009.
The impact of
childhood activity
limitations on
parental health,
mental health, and
workdays lost in the
United States. Acad
Pediatr, 9(4), 263-
269.

Witt, W. P.,
Litzelman, K.,
Wisk, L. E., Spear,
H. A., Catrine, K.,
Levin, N, &
Gottlieb, C. A.,
2010. Stress-
mediated quality of
life outcomes in
parents of childhood
cancer and brain
tumor survivors: a
case—control study.
Qual Life Res.,
19(7), 995-1005.

With the aim of determining the extent to which the
onset and persistence of childhood activity limitations
results in adverse health, mental health (and work
attendance outcomes) among parents, the authors
employed ten panels of MEPS data and found that
parents of children with any activity limitation were
significantly more likely to experience subsequent
poor health and mental health.

The results of an interviewer-assisted survey
administered to case and control parent/child dyads
were employed by the authors to examine if caring for
a child with cancer impacted upon the mental health
and quality of life of the parent. Multivariate analysis
indicated that, on average, parents in case dyads had
significantly lower quality of life on the mental health
component summary score of the SF-12, controlling
for a range of potential confounders.

Notes: Where reported, variations in spillover magnitude by sex, by income and by familial role are noted.
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Appendix C: Propensity Score Distribution
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Figure C.1  Propensity Score Balance Across Treatment and Control Groups Before and After Weighting
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Appendix D: Full Results for Main Model

Table D.1 Estimated Coefficients from Weighted Multivariate Ordered Probit Model

Mobility Self-care Usual Activities Pain/ Anxiety/
Discomfort Depression
Serious Illness Family 0.089 0.073 0.154 0.092 0.499%**
(0.103) (0.131) (0.102) (0.086) (0.098)
Serious Illness Caring -0.067 0.094 0.054 0.077 0.119
(0.101) (0.132) (0.097) (0.085) (0.092)
Serious Iliness Individual 0.613%** 0.840%** 0.751%** 0.468*** 0.300%**
(0.102) (0.134) (0.096) (0.090) (0.102)
45-64 years 0.327%* -0.000 0.013 0.267** -0.140
(0.139) (0.183) (0.132) (0.109) (0.131)
65+ years 0.543%%* -0.140 -0.014 0.182 -0.485%*
(0.208) (0.267) (0.186) (0.180) (0.209)
Female -0.012 -0.233 -0.054 0.012 -0.015
(0.099) (0.144) (0.100) (0.089) (0.110)
Never married -0.217 -0.213 -0.395%* -0.300%** 0.150
(0.171) (0.212) (0.155) (0.129) (0.140)
Divorced etc. -0.109 0.018 -0.146 -0.088 0.171
(0.161) (0.196) (0.155) (0.138) (0.160)
2 in Household -0.092 0.107 -0.087 0.208 0.006
(0.173) (0.203) (0.163) (0.153) (0.165)
3 in Household -0.054 -0.197 -0.165 0.041 -0.109
(0.204) (0.283) (0.200) (0.187) (0.186)
4 in Household 0.196 -0.058 0.081 0.184 0.026
(0.242) (0.321) (0.231) (0.197) (0.210)
5 in Household -0.195 -0.141 -0.104 0.198 -0.061
(0.276) (0.417) (0.277) (0.239) (0.245)
6+ in Household -0.529 -0.721 -0.793%* 0.067 -0.476*
(0.350) (0.512) (0.371) (0.262) (0.275)
Children -0.271* 0.050 -0.261* -0.083 0.188
(0.156) (0.209) (0.156) (0.132) (0.156)
Urban -0.124 -0.288%* -0.178* -0.118 0.250**
(0.096) (0.131) (0.095) (0.083) (0.098)
Third level -0.101 -0.041 -0.151 -0.055 -0.090
(0.108) (0.145) (0.102) (0.094) (0.101)
Home duties 0.161 0.612%* 0.226 0.189 0.059
(0.191) (0.272) (0.180) (0.156) (0.184)
Part-time 0.018 0.147 0.140 -0.170 0.118
(0.180) (0.259) (0.181) (0.155) (0.167)
Retired 0.447** 0.688*** 0.447%** 0.302* 0.174
(0.176) (0.257) (0.159) (0.161) (0.181)
Student 0.454* 0.104 0.726%** 0.239 0.030
(0.239) (0.312) (0.235) (0.184) (0.219)
Unemployed etc. 0.264 0.184 0.369** 0.171 0.512%**
(0.174) (0.235) (0.163) (0.147) (0.160)
Medium Income -0.256** -0.409** -0.328%** -0.161 -0.354%**
(0.124) (0.161) (0.124) (0.108) (0.119)
High Income -0.298** -0.690*** -0.221 -0.322%* -0.342%**
(0.152) (0.222) (0.153) (0.127) (0.133)
8 1.059%** 1.992%** 1.003%** 0.498** 1.292%**
(0.276) (0.387) (0.259) (0.226) (0.262)
5, 1.776%** 2.815%** 1.628%** 1.335%** 1.998***
(0.285) (0.399) (0.265) (0.231) (0.263)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated coefficients from a multivariate ordered probit model of Mobility, Self-care,
Usual Activities, Pain/Discomfort, and Anxiety/Depression. Robust standard errors in parentheses. *** p<0.01,
** p<0.05, * p<0.1.
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Table D.2 Estimated Correlation Matrix

& &2 &3 &4 Es
& 1
&, 0.667*** 1
(0.049)
&3 0.746%** 0.830%** 1
(0.034) (0.034)
&y 0.617*** 0.452%*%* 0.654%** 1
(0.038) (0.057) (0.035)
&s 0.279%** 0.223%%** 0.317%** 0.313%** 1
(0.055) (0.071) (0.056) (0.053)

Note: The table presents the estimated correlation matrix () from Equation 2, where pj, represents the estimated
correlation between error term ¢; and ;.. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Appendix E: Robustness and Sensitivity Checks

A wide range of robustness and sensitivity checks were undertaken. In relation to the full
sample analysis, an unweighted MVOP model was estimated(Table E.1), models with inverse
probability weights derived from a range of propensity score models that include varying
subsets of control (Table E.2 & E.3), weighted models with different subsets of controls
(Tables E.4 & E.5), a multivariate probit model (Table E.6), and models using four- and five-
level versions of the dependent variables estimated using the full sample (Tables E.7 & E.8),
and the sample excluding ‘formal carers’ (Tables E.9 & E.10). In general, the main estimates

and conclusions were robust across these alternative models.

In addition, Table E.11 presents the results of a weighted model estimated after asymmetrically
trimming the sample by dropping observations in both treatment and control groups with a
propensity score at or below the 5" percentile of the propensity score in the group reporting
serious illness or with a propensity score at or above the 95" percentile of the propensity score
in the group not reporting any experience of serious family illness. Sub-sample analyses by sex
and income group were conducted for the four other health dimensions (Tables E.12-E.15). A
final set of stratified analyses were conducted based on whether the respondent reported serious
illness in themselves or not (Tables E.16 & E.17). While there were some anomalous findings,
in general these results do not suggest differences by sex or by income for serious family
illness. This is not surprising, since Table 2.3 suggests no impact of serious illness in the family

on these dimensions in the full sample.
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Table E.1 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health
Dimensions (Unweighted Multivariate Ordered Probit Model)

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.163*** -0.097*** -0.193*** -0.171%** -0.104%**
(0.0206) (0.017) (0.026) (0.030) (0.027)
Slight problems 0.074%** 0.071%** 0.090*** 0.057*** 0.051***
(0.013) (0.013) (0.014) (0.010) (0.013)
Moderate+ problems 0.089%** 0.026%** 0.104%** 0.114%** 0.054%**
(0.015) (0.007) (0.0106) (0.021) (0.015)
Serious Illness Family
No problems -0.018 0.000 -0.024 -0.025 -0.111%**
(0.024) (0.015) (0.023) (0.030) (0.025)
Slight problems 0.008 -0.000 0.011 0.009 0.059%***
(0.011) (0.010) (0.011) (0.011) (0.015)
Moderate+ problems 0.010 -0.000 0.013 0.016 0.052%**
(0.013) (0.005) (0.013) (0.019) (0.011)
Serious Illness Caring
No problems 0.017 -0.007 -0.009 -0.021 -0.047*
(0.022) (0.013) (0.022) (0.028) (0.024)
Slight problems -0.007 0.004 0.004 0.008 0.024*
(0.010) (0.009) (0.010) (0.010) (0.012)
Moderate+ problems -0.010 0.002 0.005 0.014 0.024*
(0.013) (0.004) (0.012) (0.018) (0.012)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Illness Individual from a multivariate ordered probit model of the EQ-5D health dimensions conducted
using the unweighted sample. The control variables included in the model are Age, Female, Marital Status, No.
in Household, Children, Urban, Third Level, Employment Status, and Annual Household Income. Delta-method
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.2 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health
Dimensions (Weights Based on All Covariates of the Main Model)

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.147*** -0.086%*** -0.190%** -0.165%** -0.058**
(0.032) (0.017) (0.029) (0.037) (0.024)
Slight problems 0.069%** 0.067*** 0.097]*** 0.060*** 0.032%**
(0.014) (0.015) (0.0106) (0.013) (0.013)
Moderate+ problems 0.079%%** 0.019%** 0.098*** 0.105%** 0.026**
(0.019) (0.005) (0.017) (0.025) (0.012)
Serious Illness Family
No problems -0.025 -0.011 -0.033 -0.033 -0.136%**
(0.025) (0.012) (0.022) (0.031) (0.021)
Slight problems 0.011 0.008 0.016 0.013 0.078***
(0.012) (0.009) (0.011) (0.012) (0.013)
Moderate+ problems 0.013 0.003 0.018 0.020 0.057%**
(0.014) (0.003) (0.012) (0.019) (0.010)
Serious Illness Caring
No problems 0.024 -0.006 -0.009 -0.023 -0.020
(0.024) (0.012) (0.023) (0.030) (0.022)
Slight problems -0.011 0.005 0.004 0.009 0.011
(0.011) (0.009) (0.011) (0.012) (0.012)
Moderate+ problems -0.013 0.002 0.005 0.014 0.009
(0.013) (0.003) (0.012) (0.018) (0.010)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Iliness Individual from an inverse probability weighted multivariate ordered probit model of the EQ-5D
health dimensions. The control variables included in the model are Age, Female, Marital Status, No. in Household,
Children, Urban, Third Level, Employment Status, and Annual Household Income. Weights estimated on the basis
of a propensity score model including Serious Illness Individual, Serious Illness Caring, Age, Female, Marital
Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household Income as
covariates. The standardised difference in mean propensity score between ‘treatment’ (serious illness in family)
and ‘control’ (no serious illness in family) groups, before and after application of weights, was 0.892 and 0.011
respectively. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

127



Table E.3 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health

Dimensions (Weights Based on Personal and Household Characteristics)

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.157*** -0.086%*** -0.188*** -0.176%** -0.082%**
(0.028) (0.015) (0.026) (0.033) (0.026)
Slight problems 0.075%** 0.065%** 0.088%** 0.064%** 0.042%**
(0.014) (0.013) (0.013) (0.012) (0.013)
Moderate+ problems 0.081*** 0.022%** 0.100%** 0.112%** 0.040%**
(0.016) (0.005) (0.0106) (0.022) (0.014)
Serious Illness Family
No problems -0.023 -0.007 -0.034 -0.033 -0.122%**
(0.024) (0.012) (0.021) (0.030) (0.022)
Slight problems 0.011 0.005 0.016 0.013 0.066***
(0.011) (0.008) (0.010) (0.012) (0.013)
Moderate+ problems 0.012 0.002 0.018 0.020 0.056%**
(0.012) (0.003) (0.011) (0.018) (0.010)
Serious Illness Caring
No problems 0.015 -0.009 -0.012 -0.027 -0.028
(0.023) (0.012) (0.021) (0.029) (0.022)
Slight problems -0.007 0.006 0.006 0.011 0.015
(0.011) (0.008) (0.010) (0.011) (0.012)
Moderate+ problems -0.008 0.002 0.007 0.017 0.013
(0.012) (0.003) (0.011) (0.018) (0.010)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Iliness Individual from an inverse probability weighted multivariate ordered probit model of the EQ-5D
health dimensions. The control variables included in the model are Age, Female, Marital Status, No. in Household,
Children, Urban, Third Level, Employment Status, and Annual Household Income. Weights estimated on the basis
of a propensity score model including Age, Female, Marital Status, No. in Household, Children, Urban and Third
Level as covariates. The standardised difference in mean propensity score between ‘treatment’ (serious illness in
family) and ‘control’ (no serious illness in family) groups, before and after application of weights, was 0.413 and
0.005 respectively. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.4 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health

Dimensions Based a Weighted Model w/ No Controls

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.258*** -0.122%** -0.243%** -0.236%** -0.091 ***
(0.031) (0.019) (0.029) (0.033) (0.026)
Slight problems 0.118*** 0.091%** 0.113%** 0.081%** 0.046%**
(0.015) (0.017) (0.015) (0.011) (0.013)
Moderate+ problems 0.140%** 0.031%** 0.130%** 0.155%** 0.044%**
(0.020) (0.008) (0.019) (0.025) (0.014)
Serious Illness Family
No problems 0.000 0.005 -0.019 -0.010 -0.121%**
(0.027) (0.015) (0.023) (0.032) (0.024)
Slight problems -0.000 -0.004 0.009 0.004 0.065***
(0.013) (0.011) (0.011) (0.013) (0.014)
Moderate+ problems -0.000 -0.001 0.010 0.006 0.056***
(0.014) (0.004) (0.012) (0.020) (0.011)
Serious Illness Caring
No problems -0.009 -0.014 -0.021 -0.053* -0.025
(0.026) (0.015) (0.023) (0.032) (0.024)
Slight problems 0.004 0.010 0.010 0.021%* 0.013
(0.012) (0.011) (0.011) (0.012) (0.013)
Moderate+ problems 0.005 0.004 0.011 0.033* 0.012
(0.014) (0.004) (0.012) (0.020) (0.011)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious Illness Individual, Serious Iliness Family,
and Serious Illness Caring from an inverse probability weighted multivariate ordered probit model of the EQ-5D
health dimensions. Weights estimated on the basis of a propensity score model including Age, Female, Marital
Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household Income as
covariates. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.5 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health

Dimensions — Weighted Model w/ Personal and Household Controls

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.169*** -0.095%** -0.196*** -0.180%** -0.097***
(0.030) (0.018) (0.028) (0.034) (0.028)
Slight problems 0.081%** 0.071%** 0.094%** 0.065*** 0.049%***
(0.015) (0.014) (0.014) (0.012) (0.014)
Moderate+ problems 0.088*** 0.024%** 0.103%** 0.115%** 0.048%**
(0.018) (0.006) (0.017) (0.023) (0.015)
Serious Illness Family
No problems -0.018 -0.001 -0.031 -0.027 -0.121%**
(0.025) (0.014) (0.022) (0.031) (0.023)
Slight problems 0.008 0.000 0.015 0.011 0.065***
(0.012) (0.010) (0.011) (0.012) (0.014)
Moderate+ problems 0.009 0.000 0.016 0.017 0.056%**
(0.013) (0.004) (0.012) (0.019) (0.011)
Serious Illness Caring
No problems 0.014 -0.009 -0.012 -0.028 -0.030
(0.025) (0.014) (0.022) (0.031) (0.024)
Slight problems -0.007 0.006 0.006 0.011 0.016
(0.012) (0.010) (0.010) (0.012) (0.013)
Moderate+ problems -0.008 0.002 0.006 0.017 0.014
(0.013) (0.004) (0.012) (0.019) (0.011)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious Illness Individual, Serious Iliness Family,
and Serious Illness Caring from an inverse probability weighted multivariate ordered probit model of the EQ-5D
health dimensions. The control variables included in the model are Age, Female, Marital Status, No. in Household,
Children, Urban, Third Level. Weights estimated on the basis of a propensity score model including Age, Female,
Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household
Income as covariates. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.6 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health

Dimensions — Weighted Multivariate Probit Model

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
Any problems 0.148%** 0.087*** 0.197*** 0.163%** 0.062%*
(0.029) (0.017) (0.029) (0.037) (0.027)
Serious Illness Family
Any problems 0.015 0.004 0.038* 0.007 0.122%**
(0.025) (0.013) (0.023) (0.033) (0.024)
Serious Illness Caring
Any problems -0.010 0.005 0.012 0.047 0.026
(0.026) (0.013) (0.022) (0.033) (0.024)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious lllness Individual from an inverse probability weighted multivariate probit model of the EQ-5D health
dimensions. The control variables included in the model are Age, Female, Marital Status, No. in Household,
Children, Urban, Third Level. Weights estimated on the basis of a propensity score model including Age, Female,
Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household
Income as covariates. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.7 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health
Dimensions — Weighted 4. Model

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.154%** -0.087*** -0.182%** -0.177%** -0.075%**
(0.028) (0.0106) (0.0206) (0.033) (0.027)
Slight problems 0.075%** 0.064%** 0.087*** 0.064*** 0.039***
(0.014) (0.013) (0.014) (0.012) (0.014)
Moderate problems 0.056%** 0.017%** 0.056%** 0.080%** 0.027**
(0.012) (0.005) (0.011) (0.0106) (0.011)
Severe+ problems 0.024* 0.006** 0.039%** 0.033*** 0.009**
(0.006) (0.003) (0.008) (0.008) (0.004)
Serious Illness Family
No problems -0.026 -0.008 -0.030 -0.021 -0.117%**
(0.023) (0.012) (0.022) (0.030) (0.022)
Slight problems 0.012 0.006 0.014 0.008 0.064%**
(0.011) (0.008) (0.011) (0.012) (0.013)
Moderate problems 0.009 0.002 0.009 0.009 0.04 1***
(0.008) (0.002) (0.007) (0.013) (0.009)
Severe+ problems 0.004 0.001 0.007 0.004 0.012%**
(0.004) (0.001) (0.005) (0.005) (0.003)
Serious Illness Caring
No problems 0.020 -0.009 -0.006 -0.029 -0.030
(0.023) (0.012) (0.021) (0.030) (0.023)
Slight problems -0.010 0.007 0.003 0.011 0.016
(0.011) (0.009) (0.010) (0.011) (0.012)
Moderate problems -0.007 0.002 0.002 0.013 0.011
(0.008) (0.003) (0.006) (0.013) (0.008)
Severe+ problems -0.003 0.001 0.001 0.005 0.003
(0.004) (0.001) (0.005) (0.006) (0.003)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious lllness Caring, and
Serious Illness Individual from an inverse probability weighted multivariate ordered probit model of the EQ-5D
health dimensions. The control variables included in the model are Age, Female, Marital Status, No. in Household,
Children, Urban, Third Level, Employment Status, and Annual Household Income. Weights estimated on the basis
of a propensity score model including Age, Female, Marital Status, No. in Household, Children, Urban, Third
Level, Employment Status, and Annual Household Income as covariates. Delta-method standard errors in
parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.8 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health
Dimensions — Weighted 5L Model

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.153%** -0.086%*** -0.178*** -0.175%** -0.076%**
(0.028) (0.015) (0.027) (0.033) (0.027)
Slight problems 0.075%** 0.062%** 0.087%** 0.064%** 0.040%**
(0.014) (0.012) (0.014) (0.012) (0.014)
Moderate problems 0.055%** 0.016%** 0.056%** 0.079%** 0.028**
(0.012) (0.005) (0.011) (0.0106) (0.011)
Severe problems 0.016%** 0.005** 0.022%** 0.026%** 0.007**
(0.005) (0.002) (0.006) (0.007) (0.003)
Extreme problems 0.007** 0.002 0.013*** 0.007** 0.002
(0.003) (0.002) (0.004) (0.003) (0.001)
Serious Illness Family
No problems -0.025 -0.007 -0.029 -0.020 -0.117%**
(0.023) (0.012) (0.022) (0.030) (0.022)
Slight problems 0.012 0.005 0.014 0.008 0.064%**
(0.011) (0.008) (0.011) (0.012) (0.013)
Moderate problems 0.009 0.001 0.009 0.009 0.04 1 ***
(0.008) (0.002) (0.007) (0.013) (0.009)
Severe problems 0.003 0.001 0.004 0.003 0.010%**
(0.003) (0.001) (0.003) (0.004) (0.003)
Extreme problems 0.001 0.000 0.002 0.001 0.002
(0.001) (0.000) (0.002) (0.001) (0.001)
Serious Illness Caring
No problems 0.021 -0.009 -0.006 -0.028 -0.029
(0.023) (0.012) (0.021) (0.029) (0.023)
Slight problems -0.010 0.006 0.003 0.011 0.015
(0.011) (0.008) (0.010) (0.011) (0.012)
Moderate problems -0.007 0.002 0.002 0.012 0.010
(0.008) (0.002) (0.006) (0.013) (0.008)
Severe problems -0.002 0.001 0.001 0.004 0.003
(0.003) (0.001) (0.003) (0.004) (0.002)
Extreme problems -0.001 0.000 0.001 0.001 0.001
(0.001) (0.000) (0.002) (0.001) (0.001)
Observations 1,131 1,131 1,131 1,131 1,131

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Illness Individual from an inverse probability weighted multivariate ordered probit model of the EQ-5D
health dimensions. The control variables included in the model are Age, Female, Marital Status, No. in Household,
Children, Urban, Third Level, Employment Status, and Annual Household Income. Weights estimated on the basis
of a propensity score model including Age, Female, Marital Status, No. in Household, Children, Urban, Third
Level, Employment Status, and Annual Household Income as covariates. Delta-method standard errors in
parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.9 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health
Dimensions — Weighted 4L Model, Excl. Formal/Non-Family Carers

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.168*** -0.094*** -0.191*** -0.199%** -0.082**
(0.033) (0.017) (0.029) (0.036) (0.033)
Slight problems 0.081%** 0.070%** 0.090%** 0.069%** 0.041%*
(0.017) (0.014) (0.015) (0.013) (0.017)
Moderate problems 0.061*** 0.018%** 0.059%** 0.097%** 0.031**
(0.014) (0.0006) (0.012) (0.019) (0.014)
Severe+ problems 0.026%** 0.007** 0.043%** 0.033%** 0.010**
(0.007) (0.003) (0.010) (0.008) (0.004)
Serious Illness Family
No problems -0.008 -0.007 -0.025 -0.030 -0.070**
(0.030) (0.015) (0.028) (0.037) (0.031)
Slight problems 0.004 0.005 0.012 0.011 0.037**
(0.014) (0.011) (0.013) (0.014) (0.017)
Moderate problems 0.003 0.001 0.008 0.014 0.025%*
(0.011) (0.003) (0.009) (0.017) (0.011)
Severe+ problems 0.001 0.001 0.006 0.005 0.008**
(0.005) (0.001) (0.007) (0.006) (0.003)
Serious Illness Caring
No problems 0.002 -0.009 -0.012 -0.018 -0.075%**
(0.0206) (0.014) (0.024) (0.033) (0.028)
Slight problems -0.001 0.006 0.005 0.007 0.038***
(0.012) (0.010) (0.011) (0.012) (0.014)
Moderate problems -0.001 0.002 0.004 0.009 0.028**
(0.009) (0.003) (0.007) (0.015) (0.011)
Severe+ problems 0.000 0.001 0.003 0.003 0.009**
(0.005) (0.001) (0.006) (0.005) (0.004)
Observations 1,039 1,039 1,039 1,039 1,039

Notes: The table presents estimated average partial effects for Serious Illlness Family, Serious Illness Caring, and
Serious Illness Individual from an inverse probability weighted multivariate ordered probit model of the EQ-5D
health dimensions. Respondents reporting no experience of serious illness in their family but experience of serious
illness in caring for others are excluded from this sub-sample analysis. The control variables included in the model
are Age, Female, Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual
Household Income. Weights estimated on the basis of a propensity score model including Age, Female, Marital
Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household Income as
covariates. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.10 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health
Dimensions — Weighted 5L Model, Excl. Formal/Non-Family Carers

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.167*** -0.093*** -0.187*** -0.198*** -0.084**
(0.033) (0.017) (0.029) (0.036) (0.033)
Slight problems 0.081%** 0.067%** 0.090%** 0.069%** 0.042%%*
(0.017) (0.014) (0.015) (0.013) (0.017)
Moderate problems 0.060*** 0.017%** 0.059%** 0.096%** 0.031**
(0.014) (0.005) (0.012) (0.019) (0.013)
Severe problems 0.018%** 0.006** 0.023%** 0.023%** 0.008**
(0.005) (0.003) (0.007) (0.007) (0.003)
Extreme problems 0.008** 0.002 0.016%** 0.009** 0.002
(0.003) (0.002) (0.0006) (0.004) (0.002)
Serious Illness Family
No problems -0.007 -0.006 -0.025 -0.027 -0.068**
(0.031) (0.015) (0.029) (0.037) (0.031)
Slight problems 0.003 0.004 0.012 0.010 0.036**
(0.014) (0.010) (0.014) (0.014) (0.017)
Moderate problems 0.003 0.001 0.008 0.012 0.025%*
(0.011) (0.003) (0.009) (0.017) (0.011)
Severe problems 0.001 0.000 0.003 0.003 0.006*
(0.003) (0.001) (0.004) (0.004) (0.003)
Extreme problems 0.000 0.000 0.002 0.001 0.002
(0.002) (0.001) (0.003) (0.002) (0.001)
Serious Illness Caring
No problems 0.004 -0.009 -0.011 -0.019 -0.075%**
(0.0206) (0.014) (0.024) (0.033) (0.028)
Slight problems -0.002 0.006 0.005 0.007 0.038***
(0.012) (0.009) (0.011) (0.012) (0.014)
Moderate problems -0.001 0.002 0.003 0.009 0.028**
(0.009) (0.003) (0.008) (0.015) (0.011)
Severe problems 0.000 0.001 0.001 0.002 0.007*
(0.003) (0.001) (0.003) (0.004) (0.003)
Extreme problems 0.000 0.000 0.001 0.001 0.002
(0.001) (0.000) (0.002) (0.002) (0.002)
Observations 1,039 1,039 1,039 1,039 1,039

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Illness Individual from an inverse probability weighted multivariate ordered probit model of the EQ-5D
health dimensions. Respondents reporting no experience of serious illness in their family but experience of serious
illness in caring for others are excluded from this sub-sample analysis. The control variables included in the model
are Age, Female, Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual
Household Income. Weights estimated on the basis of a propensity score model including Age, Female, Marital
Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual Household Income as
covariates. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.11 Estimated Partial Effects of Serious Illness Variables on EQ-5D Health
Dimensions (Asymmetrically Trimmed Weighted Model)

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Individual
No problems -0.171%** -0.100%*** -0.210%** -0.169%*** -0.105%**
(0.031) (0.017) (0.029) (0.036) (0.029)
Slight problems 0.082%** 0.074%*** 0.095*** 0.059%*** 0.053***
(0.0106) (0.014) (0.015) (0.013) (0.015)
Moderate+ problems 0.089%** 0.027%** 0.115%** 0.110%** 0.052%**
(0.018) (0.007) (0.018) (0.025) (0.0106)
Serious Illness Family
No problems -0.018 -0.005 -0.019 -0.036 -0.106***
(0.027) (0.013) (0.024) (0.032) (0.024)
Slight problems 0.009 0.004 0.008 0.013 0.057***
(0.013) (0.009) (0.011) (0.012) (0.014)
Moderate+ problems 0.010 0.002 0.011 0.022 0.050%**
(0.014) (0.004) (0.013) (0.020) (0.011)
Serious Illness Caring
No problems 0.034 -0.007 -0.009 -0.013 -0.041*
(0.027) (0.014) (0.023) (0.032) (0.025)
Slight problems -0.016 0.005 0.004 0.005 0.022*
(0.013) (0.010) (0.010) (0.012) (0.013)
Moderate+ problems -0.018 0.002 0.005 0.008 0.020%*
(0.014) (0.004) (0.013) (0.020) (0.012)
Observations 932 932 932 932 932

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Illness Individual from an asymmetrically trimmed, inverse probability weighted multivariate ordered
probit model of the EQ-5D health dimensions. Asymmetric trimming of the sample performed by dropping
observations in both treatment and control groups with a propensity score at or below the 5th percentile of the
propensity score in the group reporting serious illness or with a propensity score at or above the 95th percentile
of the propensity score in the group not reporting any experience of serious family illness. The control variables
included in the model are Age, Female, Marital Status, No. in Household, Children, Urban, Third Level,
Employment Status, and Annual Household Income. Weights estimated on the basis of a propensity score model
including Age, Female, Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and
Annual Household Income as covariates. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, *
p<0.1.
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Table E.12 Estimated Partial Effects of Serious Illness Variables on Mobility by Sex and by

Income
Female Male Low Income  Med. Income High Income
Serious Illness Individual
No problems -0.185%** -0.114%** -0.218*** -0.148*** -0.096%***
(0.038) (0.040) (0.055) (0.044) (0.035)
Slight problems 0.082%** 0.057%** 0.080%*** 0.074%*** 0.057**
(0.018) (0.021) (0.021) (0.025) (0.023)
Moderate+ problems 0.102%** 0.057%** 0.138%** 0.074%** 0.039%**
(0.024) (0.021) (0.038) (0.022) (0.015)
Serious Illness Family
No problems -0.029 0.003 -0.013 -0.058 0.023
(0.032) (0.033) (0.052) (0.040) (0.030)
Slight problems 0.013 -0.002 0.005 0.029 -0.013
(0.014) (0.0106) (0.019) (0.020) (0.017)
Moderate+ problems 0.016 -0.002 0.008 0.030 -0.010
(0.018) (0.017) (0.033) (0.020) (0.013)
Serious Illness Caring
No problems 0.015 0.013 0.022 0.020 -0.010
(0.031) (0.032) (0.049) (0.039) (0.0206)
Slight problems -0.006 -0.006 -0.008 -0.010 0.006
(0.014) (0.015) (0.018) (0.019) (0.015)
Moderate+ problems -0.008 -0.007 -0.014 -0.010 0.004
(0.017) (0.0106) (0.031) (0.020) (0.011)
Observations 705 426 380 369 382

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Illness Individual on Mobility from five separate sub-sample multivariate ordered probit models of the
EQ-5D health dimensions. The sub-samples include females, males, low-income, medium-income, and high-
income respondents. All models were weighted as per the main model of the analysis (weights estimated on the
basis of a propensity score model including Age, Female, Marital Status, No. in Household, Children, Urban,
Third Level, Employment Status, and Annual Household Income as covariates) except in the case of the high
income sub-sample, which is unweighted to allow for model convergence. The control variables included in all
five models are Age, Marital Status, Children, Urban, Third Level and Employment Status. The sex-specific
models also control for Annual Household Income and No. in Household, while the income-specific models also
control for Female. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.13 Estimated Partial Effects of Serious Illness Variables on Self-care by Sex and by

Income
Female Male Low Income  Med. Income High Income
Serious Illness Individual
No problems -0.111%** -0.037** -0.168*** -0.052%** -0.042
(0.022) (0.019) (0.030) (0.019) -
Slight problems 0.086%** 0.026* 0.117%** 0.036*** 0.033***
(0.019) (0.014) (0.025) (0.014) (0.0006)
Moderate+ problems 0.026%** 0.011* 0.051*** 0.016** 0.009
(0.009) (0.006) (0.015) (0.007) (0.006)
Serious Illness Family
No problems -0.016 0.006 0.033 -0.057*** 0.018
(0.014) (0.017) (0.029) (0.015) -
Slight problems 0.012 -0.004 -0.022 0.039%** -0.013%**
(0.010) (0.012) (0.020) (0.012) (0.003)
Moderate+ problems 0.004 -0.002 -0.011 0.018%** -0.004*
(0.004) (0.006) (0.010) (0.007) (0.003)
Serious Illness Caring
No problems 0.002 -0.011 -0.066%* 0.017 0.023
(0.014) (0.018) (0.029) (0.015) -
Slight problems -0.002 0.007 0.043%* -0.011 -0.018***
(0.011) (0.012) (0.020) (0.011) (0.003)
Moderate+ problems -0.001 0.004 0.022%** -0.006 -0.005
(0.004) (0.0006) (0.011) (0.005) (0.003)
Observations 705 426 380 369 382

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Illness Individual on Self-care from five separate sub-sample multivariate ordered probit models of the
EQ-5D health dimensions. The sub-samples include females, males, low-income, medium-income, and high-
income respondents. All models were weighted as per the main model of the analysis (weights estimated on the
basis of a propensity score model including Age, Female, Marital Status, No. in Household, Children, Urban,
Third Level, Employment Status, and Annual Household Income as covariates) except in the case of the high
income sub-sample, which is unweighted to allow for model convergence. The control variables included in all
five models are Age, Marital Status, Children, Urban, Third Level and Employment Status. The sex-specific
models also control for Annual Household Income and No. in Household, while the income-specific models also
control for Female. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.14 Estimated Partial Effects of Serious Illness Variables on Usual Activities by Sex

and by Income

Female Male Low Income  Med. Income High Income
Serious Illness Individual
No problems -0.219%** -0.136%** -0.263%** -0.167*** -0.152%**
(0.034) (0.041) (0.047) (0.038) (0.047)
Slight problems 0.098*** 0.069%** 0.110%** 0.070%*** 0.098***
(0.018) (0.021) (0.022) (0.019) (0.032)
Moderate+ problems 0.120%** 0.066%** 0.154%** 0.097%** 0.054**
(0.021) (0.022) (0.030) (0.024) (0.021)
Serious Illness Family
No problems -0.066%* 0.026 -0.043 -0.078** 0.033
(0.0206) (0.036) (0.046) (0.033) (0.035)
Slight problems 0.029%* -0.013 0.018 0.033%* -0.021
(0.012) (0.018) (0.019) (0.015) (0.022)
Moderate+ problems 0.036** -0.013 0.026 0.045%* -0.012
(0.014) (0.018) (0.027) (0.019) (0.013)
Serious Illness Caring
No problems -0.015 -0.017 -0.031 0.006 -0.011
(0.0206) (0.036) (0.044) (0.032) (0.029)
Slight problems 0.007 0.008 0.012 -0.003 0.007
(0.011) (0.018) (0.018) (0.013) (0.019)
Moderate+ problems 0.008 0.008 0.018 -0.004 0.004
(0.014) (0.018) (0.0206) (0.019) (0.010)
Observations 705 426 380 369 382

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Illness Individual on Usual Activities from five separate sub-sample multivariate ordered probit models
of the EQ-5D health dimensions. The sub-samples include females, males, low-income, medium-income, and
high-income respondents. All models were weighted as per the main model of the analysis (weights estimated on
the basis of a propensity score model including Age, Female, Marital Status, No. in Household, Children, Urban,
Third Level, Employment Status, and Annual Household Income as covariates) except in the case of the high
income sub-sample, which is unweighted to allow for model convergence. The control variables included in all
five models are Age, Marital Status, Children, Urban, Third Level and Employment Status. The sex-specific
models also control for Annual Household Income and No. in Household, while the income-specific models also
control for Female. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.15 Estimated Partial Effects of Serious Illness Variables on Pain/Discomfort by Sex

and by Income

Female Male Low Income  Med. Income High Income
Serious Illness Individual
No problems -0.158*** -0.205%** -0.186%** -0.167*** -0.184%**
(0.042) (0.054) (0.056) (0.056) (0.057)
Slight problems 0.051%** 0.086%** 0.043%** 0.054%** 0.108%**
(0.013) (0.023) (0.014) (0.018) (0.032)
Moderate+ problems 0.107*%** 0.119%** 0.143%** 0.113%** 0.076%**
(0.030) (0.034) (0.044) (0.040) (0.027)
Serious Illness Family
No problems -0.059 0.014 0.027 -0.119** -0.003
(0.039) (0.043) (0.055) (0.049) (0.049)
Slight problems 0.021 -0.006 -0.007 0.042%%* 0.002
(0.014) (0.019) (0.013) (0.018) (0.031)
Moderate+ problems 0.038 -0.008 -0.020 0.077** 0.001
(0.025) (0.024) (0.042) (0.032) (0.019)
Serious Illness Caring
No problems -0.017 -0.049 -0.071 0.020 -0.048
(0.038) (0.045) (0.055) (0.050) (0.046)
Slight problems 0.006 0.021 0.017 -0.007 0.030
(0.013) (0.020) (0.014) (0.017) (0.029)
Moderate+ problems 0.011 0.028 0.054 -0.013 0.018
(0.025) (0.025) (0.041) (0.032) (0.017)
Observations 705 426 380 369 382

Notes: The table presents estimated average partial effects for Serious Illness Family, Serious Illness Caring, and
Serious Illness Individual on Pain/Discomfort from five separate sub-sample multivariate ordered probit models
of the EQ-5D health dimensions. The sub-samples include females, males, low-income, medium-income, and
high-income respondents. All models were weighted as per the main model of the analysis (weights estimated on
the basis of a propensity score model including Age, Female, Marital Status, No. in Household, Children, Urban,
Third Level, Employment Status, and Annual Household Income as covariates) except in the case of the high
income sub-sample, which is unweighted to allow for model convergence. The control variables included in all
five models are Age, Marital Status, Children, Urban, Third Level and Employment Status. The sex-specific
models also control for Annual Household Income and No. in Household, while the income-specific models also
control for Female. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.16 Estimated Partial Effects of Serious Illness in the Family and in Caring for Others
on EQ-5D Health Dimensions Among Respondents Reporting No Serious Illness in

Themselves
Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression

Serious Illness Family

No problems -0.001 0.023%* -0.012 -0.032 -0.076%**
(0.025) (0.010) (0.021) (0.035) (0.0206)

Slight problems 0.001 -0.019** 0.008 0.017 0.049%***
(0.016) (0.008) (0.014) (0.018) (0.017)

Moderate+ problems 0.000 -0.004 0.004 0.016 0.027%**
(0.009) (0.003) (0.007) (0.017) (0.010)

Serious Illness Caring

No problems -0.006 -0.008 -0.016 -0.028 -0.033
(0.0206) (0.009) (0.021) (0.038) (0.030)

Slight problems 0.004 0.006 0.010 0.014 0.021
(0.016) (0.007) (0.013) (0.020) (0.019)

Moderate+ problems 0.002 0.001 0.006 0.013 0.012
(0.010) (0.002) (0.007) (0.018) (0.010)

Observations 756 756 756 756 756

Notes: The table presents estimated average partial effects for Serious lliness Individual and Serious Illness Family
from a sub-sample inverse probability weighted multivariate ordered probit model of the EQ-5D health
dimensions. The sub-sample includes only those respondents who did not report experience of serious illness in
themselves. The control variables included in the model were Age, Female, Marital Status, Children, Urban,
Third Level and Annual Household Income. Weights estimated on the basis of a propensity score model including
Age, Female, Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual
Household Income as covariates. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table E.17 Estimated Partial Effects of Serious Illness in the Family and in Caring for Others

on EQ-5D Health Dimensions Among Respondents Reporting Serious Illness in Themselves

Usual Pain/ Anxiety/
Mobility Self-care Activities Discomfort Depression
Serious Illness Family
No problems -0.069 -0.079** -0.104* -0.045 -0.255%**
(0.057) (0.034) (0.055) (0.061) (0.039)
Slight problems 0.020 0.052** 0.033* 0.007 0.105%**
(0.017) (0.022) (0.019) (0.010) (0.023)
Moderate+ problems 0.049 0.027** 0.071* 0.038 0.150%**
(0.040) (0.013) (0.037) (0.051) (0.022)
Serious Illness Caring
No problems 0.068 0.003 0.015 -0.004 0.009
(0.050) (0.036) (0.050) (0.054) (0.036)
Slight problems -0.019 -0.002 -0.005 0.001 -0.003
(0.014) (0.023) (0.015) (0.008) (0.013)
Moderate+ problems -0.049 -0.001 -0.010 0.003 -0.006
(0.036) (0.013) (0.035) (0.0406) (0.024)
Observations 375 375 375 375 375

Notes: The table presents estimated average partial effects for Serious lliness Individual and Serious Illness Family
from a sub-sample inverse probability weighted multivariate ordered probit model of the EQ-5D health
dimensions. The sub-sample includes only those respondents who reported experience of serious illness in
themselves. The control variables included in the model were Age, Female, Marital Status, Children, Urban,
Third Level and Annual Household Income. Weights estimated on the basis of a propensity score model including
Age, Female, Marital Status, No. in Household, Children, Urban, Third Level, Employment Status, and Annual
Household Income as covariates. Delta-method standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Appendix F: Task Force Membership
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Figure F.1 Membership of the Spillovers in Health Economic Evaluation and Research (SHEER) Task Force. HITAP,
Health Intervention and Technology Assessment Program; NICE, National Institute for Health and Care Excellence; UAMS,

University of Arkansas for Medical Sciences; UCLM, University of Castilla-La Mancha.
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Appendix G: Results of the Second-Round Vote

Table G.1 Member Endorsement of Proposed Perspective and Definitions

Endorsed by  Proportion

task force of members
Perspective/Definition membership? endorsing
Reference perspective Yes 88.2%
Family and caregiver definitions Yes 94.1%
Health spillover definition Yes 88.2%
Primary data definition Yes 76.5%
Secondary data definition Yes 70.6%
Consistency definition Yes 100.0%
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Rec. 1 - When to include

Rec. 2 - Opportunity costs

Rec. 3 - Distributional consequences

Rec. 4 - Time horizon (paragraph 1 of rec.)
Rec. 4 - Time horizon (paragraph 2 of rec.)
Rec. 5a- Outcome measurement

Rec. 5b - Outcome measurement

Rec. 5¢- Outcome measurement

Rec. 6 - Primary vs. secondary data

Rec. 7- Aggregation methods - Step 1
Rec. 7- Aggregation methods - Step 2
Rec. 7- Aggregation methods - Step 3
Rec. 7- Aggregation methods - Step 4
Rec. 8 - Outcome value weighting

Rec. 9 - Outcome double counting

Rec. 10 - Consistency and transparency
Rec. 11 - Uncertainty presentation
Multiplier application (no consensus)

Relative value of carer outcomes (no consensus)

m Inappropriate  mUncertain ~ m Appropriate

Figure G.1  Proportion of Members Rating Proposed Emerging Good Practice Recommendations as Appropriate for Inclusion (i.e., ratings fell within an ‘appropriate’ bracket, ratings 5, 6, 7),
and inappropriate as a guide to the conduct of CEA (i.e., ratings fell within an ‘inappropriate’ bracket, ratings 0, 1, 2). The remainder of ratings (i.e., ratings 3 and 4) are included within an
‘uncertain’ bracket. Results based on second round of voting. 16 of 17 members voted on the following recommendations: Sc, 7 (steps 2, 3, and 4). 15 of 17 members voted on the recommendation
for application of a multiplier to the ICER, on which consensus was not reached. 16 of 17 members voted on the recommendation for employment of estimates of the relative value of CRQoL and

HRQoL outcomes, on which consensus was not reached. Rec.; recommendation.
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Table G.2 Distribution of Future Research Recommendation Priority Ratings

Priority rating
Lowest Highest
Priority Priority
0 1 2 3 4 5 6 7

Future research recommendation Votes (n) Total
a) Displaced/foregone activity 0 0 1 2 5 3 2 4 17
b) Distributional consequences 0 0 1 0 0 6 5 5 17
¢) Longitudinal study designs 0 0 0 1 3 4 6 3 17
d) Novel generic preference-based measures 3 0 3 2 3 1 1 4 17
e) Project/model spillover as a function of data types 0 0 1 1 3 5 4 3 17
f) Total network effects 0 1 2 2 4 2 1 4 16
dividuals ve. 5 disutiiesutiy moroments ! 0 0 ; ! 4 d 2 | 16
gglizzgation of health spillover across various 0 0 1 1 5 5 4 6 16
i) Methods for of equity weights elicitation 0 3 3 4 2 2 3 0 17
j) Assessment of reporting bias 0 0 3 3 7 2 1 1 17
k) Approaches to adjust for double counting 0 0 1 1 6 5 3 1 17
1) Joint patient-caregiver utility elicitation methods 1 0 1 1 1 3 7 3 17
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Appendix H: Synopsis of Member Discussions

Table H.1 Synopsis of Task Force Member Discussions

Reference perspective,
definition, or recommendation

Member discussions and comments

Reference perspective

Family and caregiver definitions

Health spillover definition

Primary data definition
Secondary data definition

Consistency definition

Emerging good practice rec. 1
When to include

Emerging good practice rec. 2
Opportunity costs

Emerging good practice rec. 3
Distributional consequences

Emerging good practice rec. 4
Time horizon

While the majority of members did endorse the adoption of a healthcare/health payer reference perspective, opinion did vary as to its suitability and/or
necessity. Specifically, some felt that it was important to provide recommendations to those analyses conducted from more generally inclusive perspectives
(e.g., a societal perspective), while others posited that focusing on health effects would mean that the choice of perspective is less relevant.

The definitions of ‘family’ and ‘caregiver’ were generally supported, once they had been slightly modified to incorporate suggested amendments received
during the first-round vote. One member felt, however, it should be noted that, in their opinion, there is an important distinction between the principle of CEA
to inform efficiency, where one would want to consider all health effects, and the decision-maker approach, where effects for certain defined groups (patients,
caregivers) should be considered. They don't think the working definitions resolve the issue, and advised this be highlighted in the report.

Again, once amendments (made on the basis of first-round member comments) had been incorporated, the definition of health spillover was widely endorsed.
However, some questioned the inclusion of the impact of individuals’ health statuses. In their view, the individual’s health status on family is only relevant
(for CEA) in so far as it tells us about the treatment effect on the family member. One other concern related to the reference made to other forms of economic
evaluation. The member felt that explicit mention of other economic evaluation types in this context would have the potential to confuse readers, and
questioned why the task force would allude to these other forms here and not elsewhere.

Some have suggested that specific mention of collection of primary data in the confines of an intervention RCT (as an example) is not necessary. Others have
proposed that the word ‘prospectively’ be added to the definitions.

Endorsed by the majority, but the need for the express condition that this data be ‘peer-reviewed’ and ‘published’ was queried, with multiple members
indicating this was not the case.

It was indicated that consistency would be difficult to achieve for all the listed considerations. Another member pointed out that they saw how achieving
consistency with respect to one of the conditions may conflict with respect to another. In particular, they suggested that if the analyst tries to be consistent in
methods to measure the full network spillover, this may entail some inconsistency in considering larger groups in some contexts and not others.

One member felt this determination should be made by an accountable decision-maker. Similarly, another indicated that making recommendations with
respect to perspective may be outside our remit. It was also suggested that express mention of perspectives beyond the healthcare/health payer perspective
is unnecessary since it stands to reason that one would incorporate from ‘wider’ perspectives if incorporating into analyses conducted from a
healthcare/health payer perspective. Lastly, it was felt that health spillovers may be less aligned with the health payer perspective in the US — where, the
member stated, that it cannot be assumed that close persons experiencing health spillovers are covered by the same payer.

It was mentioned that, although it’s important to recognise that health spillovers related to displaced or foregone activities exist, it is not, at present, practical
to measure them.

Some felt the potential for bias in favour of larger family networks is a largely hypothetical issue. Comment on the possible distributional implications of
spillover inclusion was also suggested as potentially appropriate in discussion, but complex to do analytically in an economic evaluation.

The consideration of bereavement in this context was contentious, given that the evidence base in relation to the impact of bereavement is sparse. One member
thought the wording suggested including bereavement only in the context of caregiving. It was also proposed that, in practice, the time horizon specific to the
patient be employed, unless pressing reasons to deviate were identified.
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Reference perspective,
definition, or recommendation

Member discussions and comments

Emerging good practice rec. 5a
Outcome measurement

Emerging good practice rec. 5b
Outcome measurement

Emerging good practice rec. 5c
Outcome measurement

Emerging good practice rec. 6
Primary vs. secondary data

Emerging good practice rec. 7
Aggregation methods

Emerging good practice rec. 8
Outcome value weighting

Emerging good practice rec. 9
Outcome double counting

Emerging good practice rec. 10
Consistency and transparency

Emerging good practice rec. 11
Uncertainty presentation

Future research recommendations

Multiplier application (no
consensus)

Relative value of carer outcomes
(no consensus)

It was suggested that many jurisdictions will not have specific guidelines in relation to health spillover incorporation, and where they do, these will rely on
input from academic experts. Explicit acknowledgement that preference-based HRQoL instruments have not been developed or well-validated for very
young children and infants was also proposed. Others were wary of making recommendations that conflict with HTA guidance.

One member indicated that this may make modelling easier but the data may not be good quality. The following alternative wording was proposed, "Where
spillover outcomes are aggregated with patient outcomes, report the extent to which the same measurement and aggregation approaches are reflected in the
estimation of outcomes related to displaced/foregone activities or the decision threshold." Lastly, it was suggested that using the same measure may not be
possible for certain age groups (e.g. infants and mothers).

In general, member discussion centred around the need for much further research in this area. A number of members expressed support for the employment
of estimates of the relative value of CRQoL outcomes, but the threshold for consensus was not reached in relation to this recommendation.

There was a view among some members that collection of primary data should not be favoured over secondary data. Expanding on this point, it was suggested
that one must consider the costs and benefits of primary data collection. How much does it reduce decision uncertainty, and how does this compare to the
impact and cost of information derived from secondary data?

The specificity of this recommendation was questioned by some. The practicality of including network members beyond the caregiver was also queried. The
issue of equity was raised. Specifically one member hypothesised that a small network may be more prevalent among low-income or marginalised individuals
(e.g., single mothers, immigrants). Thus, they felt the potential for QALY gains would be reduced in these groups and interventions directed at them would
appear less cost-effective.

One member felt that recommending for application of equal weighting goes beyond the evidence available to date. Another suggested that one doesn’t need
empirical evidence if a decision maker decides that they want to differentially weight (i.e., it is the decision maker’s prerogative).

Some believed this recommendation would be better placed in the supporting text, others that it is too equivocal to include.
This recommendation was generally supported but some members highlighted that it may be viewed as verbose.

Members agreed that uncertainty should be represented somehow, but some felt that the recommendation may be too specific, and, given the relative
paucity of resources allocated to spillover measurement, difficult to implement in a pragmatic manner.

After the fora and voting had concluded, one member mentioned that they would have liked to have seen a broader recommendation about further
examination of methods for aggregating patient and carer outcomes, or similar.

While it was argued that multipliers are the mathematical and logical implication of a decision-rule to promote allocative efficiency in the presence of
patient and family health effects (and can assist in consistency and comparability in decision-making), a number of members remained of the view that
application of multipliers may confuse, and would not necessarily increase transparency. Divergence of opinion was such that consensus was not reached at
the first- or second-round vote.

Although some members have expressed their support for this “exchange rate” approach, others were wary of making such a recommendation, given the
paucity of evidence on the issue. Consensus, as such, was not achieved.
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