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Abstract
Spillover effects on the welfare of family members may refer to caregiver health effects, informal care time costs, or both.
This review focuses on methods that have been used to measure and value informal care time and makes suggestions for
their appropriate use in cost-of-illness and cost-effectiveness analyses. It highlights the importance of methods to value
informal care time that are independent of caregiver health effects in order to minimize double counting of spillover effects.
Although the concept of including caregiver time costs in economic evaluations is not new, relatively few societal perspective
cost-effectiveness analyses have included informal care, with the exception of dementia. This is due in part to challenges in
measuring and valuing time costs. Analysts can collect information on time spent in informal care or can assess its impact
in displacing other time use, notably time in paid employment. A key challenge is to ensure appropriate comparison groups
that do not require informal care to be able to correctly estimate attributable informal care time or foregone market work.
To value informal care time, analysts can use estimates of hourly earnings in either opportunity cost or replacement cost
approaches. Researchers have used widely varying estimates of hourly earnings. Alternatively, stated-preference methods (i.e.
contingent valuation, conjoint analysis) can be used to value the effect of informal care on utility, but this can entail double
counting with health effects. Lack of consensus and standardization of methods makes it difficult to compare estimates of
informal care costs.

1 Introduction
The term “spillover effects” in cost-effectiveness analysis
(CEA) was introduced by Basu and Meltzer [1] in 2005 to
describe the effects of conditions and treatments on different aspects of the welfare of family members. Failure to
include spillover effects in CEA can lead to underestimation
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of treatment benefits. Numerous studies have now assessed
spillover effects on the health (and health-related quality of
life) of family members of individuals affected by a chronic
condition [2–4]. Such health effects on family members are
non-monetary and are appropriately included in the denominator of a cost-effectiveness ratio in economic evaluations
from the societal perspective. All else equal, including
spillover benefits in the denominator reduces the estimated
cost-effectiveness ratio.
It is also recognized that conditions and treatments can
generate another form of spillover effects through the need
for unpaid informal care. The impact of informal care—
defined as unpaid care provided by family members to individuals with a medical condition or disability—on time use
as distinct from ‘effects’ on health is appropriately included
as a monetary time cost in the numerator of a cost-effectiveness ratio [5]. All else equal, including spillover costs in
the numerator increases the cost-effectiveness ratio. Interventions that reduce the prevalence of chronic conditions
or improve functioning should reduce spillover costs and
increase spillover benefits, resulting in incremental costeffectiveness ratios that are lower due to the inclusion of
both types of spillover effects.
Vol.:(0123456789)
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Key Points for Decision Makers
Costs of informal care time are an important spillover
effect that should be included in economic evaluations of
health interventions if likely to be significant.
Differences in methods and data sources make it difficult
to compare estimates of informal care costs.
Researchers who plan to include both caregiver health
effects and time costs should choose methods that minimize double counting of spillover effects.

Recommendations on the inclusion of spillover effects
has changed over time. In 1996, the first US Panel on CostEffectiveness in Health and Medicine (First Panel) called
for the inclusion of informal care time costs in societal perspective analyses [6]. The First Panel also recognized the
potential value of including health effects on family members but did not recommend their inclusion in a reference
case societal-perspective analysis. In practice, informal care
was not included in societal-perspective analyses, except in
a few specific areas, notably dementia management [7–9].
The second US Panel on Cost-Effectiveness in Health and
Medicine (Second Panel) in 2016 called for the inclusion
of both health effects on family members and informal care
time costs in societal-perspective analyses [10]. In particular, it was recommended that informal care time be included
in an inventory of costs and considered for inclusion depending on the study perspective, availability of data, and the
likelihood that its inclusion would have a substantial effect
on cost estimates. That recommendation is consistent with
previous calls by Brouwer and colleagues [11, 12]. However,
the growing recognition of the importance of informal care
has not been accompanied by a consensus on methods for
inclusion in economic assessments [12]. Several methods
can be used for measuring and valuing informal care time,
which can lead to variability in estimates.
While both health effects and informal care time costs
represent spillover effects on family welfare [13], analysts
typically have considered either the non-monetary valuation
of effects or the monetary valuation of time for inclusion.
Indeed, a recent review of informal care pointed to a choice
of methods for valuing either monetary costs or non-monetary effects based on the research question, data availability,
and other considerations [14]. Although CEAs typically do
not include both types of effects [8, 15], we suggest it would
be logical to include both types of spillover effects. The challenge is to avoid double counting, which—in the context of
spillover effects—often refers to the distinction between a
caregiver’s disutility of seeing a relative ill and the disutility
of their own health effects [16, 17]. Our concern is potential
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double counting of the disutility of informal care burden
on the caregiver’s own utility and the monetary value of
their time. We suggest that analysts who wish to follow the
societal perspective use ‘pure’ methods to value informal
care time costs so that both types of spillover effects can be
appropriately included in a single analysis [18].
In this review, we consider methods for the inclusion of
informal care time costs with an explicit consideration of
methodological issues that can arise by incorporating both
monetary and non-monetary effects in a CEA. We first discuss the methods that can be used to measure informal caregiving time, such as the diary and recall methods. Next,
we provide an overview of different approaches to valuing
caregiving time, including revealed-preference methods (i.e.
replacement and opportunity cost) and stated-preference
methods (i.e. contingent analysis and conjoint valuation).
In addition to describing each method and providing examples for each method, we also discuss key considerations
and potential sources of bias when using the method to help
researchers decide the most appropriate approach to answer
their question.

2 Measurement of Care Time
A first empirical challenge in the valuation of informal
care time in cost-of-illness (COI) analyses and CEAs is
the decision whether to attempt to directly measure time
spent in informal care or instead to assess its impact in
displacing other time uses, notably paid employment.
That choice is not independent of the choice of valuation
methods, since the replacement cost method requires direct
estimation of time, whereas the opportunity cost method
requires estimation of displaced time uses (see Sect. 3.1.2).
Assessing displaced time use also involves conceptual
challenges. Focusing on time displaced for employment
implicitly places a lower or even null value on other displaced time use, such as leisure. Whether that approach is
appropriate may depend on the analytic perspective. For
example, many COI studies restrict estimates of indirect or
productivity costs of disease to foregone market earnings;
it is logically consistent for such COI studies to also value
informal care in terms of foregone earnings. In any case,
researchers who focus on displaced paid work would be
well advised to clarify that such a focus still implies that
other uses of time are valued.
Another challenge is the endogeneity of substitution of
informal care for other time uses, notably paid work. It is
often assumed that informal care substitutes for formal home
care, but that can vary. One study found that the opportunities for substitution in care provided by adult children for
elderly parents are limited to unskilled care and with limited
number of hours of care required [19]. In addition, it is often

Quantifying Family Spillover Effects in Economic Evaluations

assumed that informal care substitutes for paid work, but that
also varies. Provision of informal care may lead to relatively
modest reductions in paid work for women and little or no
substitution for men [20, 21].

2.1 Diary and Recall Methods
Hours of informal care can be directly measured using either
the recall method or the diary method. For the recall method,
respondents record how much time they spend on a list of
activities during a previous time period (day or week). The
diary method is often referred to as the gold standard in
measurement of informal care time because activities are
prospectively recorded as they are conducted during a specified time period. However, implementation of this method
may not be feasible because it requires substantial time and
effort from both respondents and researchers [15, 22]. Therefore, most studies that state the method used to directly estimate informal care time use a recall method [23].
2.1.1 Key Considerations and Potential Sources of Bias
Both the time diary and recall methods use survey instruments to elicit informal care time, and both have limitations.
Prospective time diaries may not do a good job of capturing
episodic activities of short duration, unless very short intervals are used for recording time [24]. Retrospective recall
methods are subject to bias, depending on how questions are
posed to respondents [25]. For example, asking a caregiver
how much time they spent on certain activities versus asking
what activities were conducted within a given time period
can lead to widely different estimates [25, 26]. According
to one study, although diary estimates were more precise
than recalls in the aggregate, both methods produced similar
results [22]. However, it has been reported that caregivers
when asked to recall informal care time underestimated time
spent in “support” of care recipients, especially “stand-by”
time, i.e. time spent actively waiting to provide care, compared with time recorded in a daily diary, especially caregivers aged > 65 years [27].
An important consideration in the measurement of informal care time is joint production [25]. Joint production
occurs when a caregiver performs more than one care activity or is performing another non-care activity, such as leisure
or regular household activities, while performing informal
care [23]. Respondents can be asked to report all activities
conducted within a specific timeframe (i.e. 30 min), but the
researcher must then decide how to allocate that time across
those activities. Van den Berg and Spauwen [22] found that
respondents using the recall method reported significantly
more time allocated to informal care than those using a
diary, but—when researchers adjusted diary estimates

463

for joint production—there was no significant difference
between the two methods.
Perhaps the biggest challenge in assessing informal care
time is to distinguish tasks that are performed because an
individual requires care due to disease or disability versus
tasks that are regular activities of daily living (ADL). Since
elderly people and young children generally require considerable care, even in the absence of disease or disability, it
is often difficult to determine how much of the time spent
engaging in informal care is attributable to the condition as
opposed to usual care [14]. Some studies simply estimate
total hours of respondent-reported informal care [28]. However, such estimates can overstate the burden of informal
care if researchers do not estimate the hours of care attributable specifically to a health condition [25, 29].
To calculate attributable hours of care, researchers can
use a demographically matched comparison group that does
not require care due to a health condition and use statistical methods to control for confounding by demographic and
socioeconomic factors, e.g. age, sex, and insurance type. To
illustrate, the total hours of informal care for stroke survivors
has been reported to range from 12.4 to 22 h per week [30,
31], but incremental hours of informal care due to stroke
ranged from 2.5 to 12.5 h per week [32, 33], roughly half as
much [34]. In another study, an injurious fall among older
stroke survivors was associated with an unadjusted additional burden of 14.0 h per week of informal care and an
adjusted estimate of 10.1 h controlling for confounding [35].
Another important choice involves the definition of
informal care. Research studies may opt for global estimates
using a broad definition of informal care or may focus on
specific sets of activities. In particular, some studies may
only include time spent on ADL, such as bathing, dressing, and eating, or instrumental ADL (IADL) activities,
such as shopping, cooking, transportation, and managing
money. Other studies may include any time spent in the
company of a care recipient, including social/recreational
activities or standing by to provide care when needed. For
example, Ostbye and Crosse [36] reported caregivers spending between 67 and 98 h per month on ADL/IADL care
for adults with dementia, whereas a comparison group of
caregivers of elderly people without cognitive impairment
reported spending 19 h per month on ADL/IADL care. In
that study, the attributable hours of care due to dementia were the between-group difference of 48 to 79 h per
month. Rice et al. [37] reported that adults with Alzheimer’s dementia received an average of 286 h of care per
month, just over half of which was for ADL/IADL care;
the remaining hours were for social/recreational activities
or behavioural management.
The Erasmus group in the Netherlands developed an
instrument to measure informal care time using the recall
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method, the Institute for Medical Technology Assessment
Valuation of Informal Care Questionnaire (iVICQ) [29]. The
iVICQ requests estimates of hours spent in the past week
providing care in three types of activities: personal care,
household activities, and practical support. For the same
three categories, respondents are also asked how many fewer
weekly hours of care would have been performed if the care
recipient were in good health or could have independently
done them. The personal care activities correspond to ADLs,
whereas the household activities (food preparation, cleaning, washing, ironing, sewing, taking care of and playing
with your children, shopping or maintenance work, odd
jobs, gardening) are IADLs. The practical support category
includes IADLs (e.g. transportation and financial management) and social/recreational activities (e.g. visiting family
and friends), as well as care coordination.
The iVICQ also seeks to elicit estimates of caregiver time
displaced by informal care. First, it asks how many fewer
hours the caregiver spends per week on paid work, unpaid
work, and leisure time since they began providing care. Second, it asks how many additional hours of paid work, unpaid
work, and leisure the caregiver would perform if they no
longer had to provide informal care [29].

3 Valuation
Valuation of informal care time in COI analyses and CEA
can be pragmatic, using data on hourly earnings as estimates
of time costs, or through stated-preference studies, which
seek to elicit individual respondents’ willingness to pay
(or accept) for variations in the amount of time individuals
would hypothetically allocate to caregiving [38, 39]. It has
been argued that the use of earnings can be considered a
revealed-preference approach in which the value of informal
care time is inferred from informal caregivers’ decisions or
from decisions in the market for close substitutes of informal
care [25]. Although both approaches are well-established
and can yield credible estimates, the two types of methods
can be expected to produce varying valuation estimates.
These approaches are discussed in the next few sections,
and Table 1 summarizes the advantages and disadvantages
of each approach. In addition, there is considerable heterogeneity of estimates within each approach.

3.1 Use of Earnings Estimates
Analysts commonly take one of two broad approaches to
the valuation of informal care time using earnings data: the
opportunity cost approach and the replacement cost (proxy
good) approach [8, 15, 25, 40, 41]. An international review
of 68 studies of informal care costs for neurological disorders found that 18 studies used a replacement cost approach
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and 50 used an opportunity cost approach [42]. Some studies
have used the opportunity cost approach to value displaced
paid work and the replacement cost approach to value displaced unpaid work [43, 44]. That is consistent with the
approach that has long been used in the USA to estimate
productivity losses in which gross earnings are used to value
loss of paid work and the replacement cost method is used to
value unpaid work [45, 46]. Different valuation approaches
may yield different estimates, particularly when using earnings estimates that differ in the inclusion of taxes, fringe
benefits, overheads, etc. or using mean, median, or minimum
wages. The conceptually correct measure of earnings may
differ if the target population is likely to earn significantly
more or less than the population average.
3.1.1 Replacement Cost Approach
In the replacement cost (proxy good) approach, analysts
value time for types of informal care based on the projected
cost of paid caregiving services that would need to be hired
if informal care were not available. In particular, European
health economists have recommended measuring all informal care time and valuing it using the replacement cost
approach. Researchers at Erasmus University in the Netherlands have developed detailed guidance [15, 30, 47]. The
method entails an itemized list of hours spent by caregivers
providing two types of services, assuming a housekeeper is
hired for ADL services and a nurse for IADL personal care
services [30]. Version 1.1 of the iVICQ instrument developed by the Erasmus group uses a shadow price for household services of €8.50/h and for personal care of €35/h [15].
One advantage of the replacement cost method is that
the market value of a task can be estimated once and used
in different caregiving situations. Another advantage is
that, because it considers only the caregiver’s inputs, double counting with health effects is not expected. A third
advantage of the replacement cost approach is that, for economic evaluations of interventions affecting individuals who
require home care, some of whom have family caregivers,
the cost of providing such care would be counted regardless of whether it is paid or unpaid care. In the absence of
accounting for the replacement cost of informal care time,
rehabilitation costs would be undervalued for those with
spouses or other family members willing and available to
provide uncompensated care because their opportunity cost
of time would likely be much lower than the replacement
cost. It should be noted that analysts who use the replacement cost approach sometimes refer to it as the opportunity
cost approach [32, 48], which can cause confusion.
3.1.1.1 Key Considerations and Potential Sources
of Bias The estimation of what it would cost to hire household and personal care services can be challenging for

Advantages

Stated-preference methods
Contingent valuation

Opportunity cost

Limitations

Can be used to generate a monetary value to hypothetically
value a non-market good
May capture information on caregiver and patient preferences
May capture heterogeneity in informal care valuation, i.e. informal care at the first hour can be valued differently from care
given at the second and subsequent hours

[85–91]
[68, 70, 92–102]
[69, 102, 103]

[9, 36, 37]

Examples

[44, 49, 76, 77, 104–108]
Individual’s stated preferences may not be a good indicator of
their own well-being, as other factors, such as the welfare
of others, imperfect foresight, or irrational preferences, may
affect stated preference
Respondents’ stated intention may not translate to real behaviour
Double counting may be a problem, as caregivers are assumed
to account for the preferences and health of care recipients into
the valuation

Lack of condition- and task-specific informal care hours
Difficult to disentangle caregiving due to the condition vs. usual
caregiving, especially of children or older adults
By valuing all care hours equally, this method does not account
for heterogeneity in informal care valuation
May unrealistically assume that informal and professional care
are perfect substitutes, i.e. this method does not account for
differences in efficiency and quality of care given
Does not account for the utility of the caregiver or care recipient
Heterogeneity in estimates of replacement costs depending on
data sources used
Straightforward to implement for caregivers in the labour market Caregivers not in the labour market do not have a market wage
rate readily available to value the services, so wage rates must
Double counting is not expected using this method, as it considbe imputed from other sources, e.g. from the general populaers only the caregiver’s inputs
tion of people with similar characteristics as the caregiver
Requires that researchers ascertain which activities were displaced by informal care time, which may be feasible for acute
events but not for chronic conditions
Choice of imputation method can yield different estimates
By valuing all care hours equally, this method does not account
for heterogeneity in informal care valuation
Ignores the utility that informal caregivers may get from providing care to relatives
Difficult to disentangle caregiving due to the condition vs. usual
caregiving, especially of children or older adults
Does not account for differing utilities between different types
of caregivers

Revealed-preference methods
Replacement cost (proxy good) The market value of the task performed can be estimated once
and used in different caregiving situations
Double counting is not expected using this method, as it considers only the caregiver’s inputs

Valuation method

Table 1  Valuation method advantages and limitations along with examples from the literature
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Can be used to generate a monetary value to hypothetically
value a non-market good
May capture information on caregiver and patient preferences
Can capture preferences on a different number of scenarios
Conjoint analysis

Limitations
Advantages
Valuation method

Table 1  (continued)

As with contingent valuation, an individual’s stated preferences [38, 74, 75]
may not be a good indicator of their own well-being, as other
factors, such as the welfare of others, imperfect foresight, or
irrational preferences, may affect stated preference
Method may be vulnerable to hypothetical bias
Double counting may be a problem, as caregivers are assumed
to account for the preferences and health of care recipients into
the valuation
Requires respondents to consider multiple attributes at the same
time, which may be challenging
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Examples
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both conceptual and empirical reasons. Conceptually, this
approach implicitly assumes that informal care and paid
care are perfect substitutes, which is unlikely to be the case
[49]. Indeed, informal care only partially substitutes for paid
care and in some situations may be a complement [19].
Both the measurement and the valuation of informal care
time stratified by tasks of varying skill levels can be empirically challenging. Some North American studies using the
replacement cost approach have calculated hourly costs for
several distinct occupations: nursing assistant, housekeeper,
bookkeeper, and handyman, inclusive of employee benefits
[36, 37, 48]. For convenience, some analysts use wages for
a single occupation, e.g. home health aides [28, 35]. However, that may overstate the replacement cost for housekeeping services. Arno et al. [50] calculated the average of the
wage of home healthcare aides and the legal minimum wage,
and others have calculated parallel estimates using average
wages of home health aides and the legal minimum wage
[28, 35].
Depending on the source of data used, the replacement
cost approach can yield varying estimates of informal care
costs [14]. For example, Guerriere et al. [43] estimated the
value of displaced unpaid work using the average Canadian
gross wage of $Can18.32 for “homemakers” (i.e. housekeepers), adjusted for benefits, and in a sensitivity analysis used
a combination of a gross wage of $Can29.71 for personal
support workers and an hourly cost of $Can26.00 for a maid
service (year 2005 values) [43]. Two recent US studies used
very different estimates of the hourly cost of home health
aides, $US24.14 [28] and $US10.54 [35] (year 2015 values).
Differences in the estimates of the replacement cost of
informal care as documented above can result from some
studies using hourly wages for occupations and others using
hourly fees charged by agencies that provide home housekeeping or healthcare services. Using hourly fees charged by
agencies may be more appropriate, since the use of hourly
wages undervalues informal care for multiple reasons. First,
such estimates ignore the fixed costs of hiring care, which
is generally hired in blocks of time with a minimum of a
half-day. If live-in care is required, the hourly cost may be
substantially greater. A further challenge is that, for completeness, the replacement approach should not only address
hiring people to perform specific services but also the cost of
recruiting and monitoring hired caregivers. The hourly cost
of care charged by home healthcare agencies, which includes
the costs of supervision and administration, can be twice
the wage paid to a home health aide [51]; a Canadian study
assumed a ratio of 1.8 times hourly wages as a “realistic”
approach to estimating the replacement cost of informal care
provision [52].
An additional limitation of the replacement cost approach
as usually implemented is the exclusion of the cost of care
management services provided by family members or
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close friends in economic studies of informal care costs.
Care management, which includes accompanying the care
recipient to appointments with healthcare providers, communicating and coordinating care with providers (including
home health aides, and counselling the care recipient about
treatment adherence, diet, and other behaviours), is done
by a large percentage of caregivers [53, 54]. For example,
one study of Canadian informal caregivers of older adults
found that 84% of caregivers performed managerial care
[53]. Charges for such services in the USA can amount to
$US50–100/h (Goodman A, personal communication; 14
June 2018).
By valuing informal care time as equal in value to professional care, the replacement cost approach distinguishes
the monetary value of care from the utility of care and estimates only the former. Although some have criticized that
approach for not capturing utility or disutility of the informal caregiver and recipient [25, 49], in our view, this is an
advantage, not a limitation, since it avoids double counting
of non-monetary and monetary valuations of informal care.
3.1.2 Opportunity Cost Approach
3.1.2.1 Imputation of Hourly Earnings to Value Estimated
Hours of Informal Care In the opportunity cost approach,
analysts assign monetary values to informal care based on
the assumed opportunity cost of the caregiver for displaced
time use. Similar to the replacement cost approach, double
counting is not expected, because only caregivers’ inputs are
considered. The opportunity cost approach to valuing informal care time is challenging to implement [12, 25, 47]. It
requires that researchers ascertain which activities were displaced by informal care time. For acute events, it is possible
to compare before-and-after time use patterns. For chronic
conditions, that is not feasible, but respondents can be asked
what they would do with their time if not providing care.1
For reduced hours of work among caregivers who remain
employed, it is straightforward to use the caregiver’s wage.
For those not in the labour force, a wage can be imputed
based on the earnings of demographically matched individuals [55, 56]. Imputation of hourly earnings to value informal
care hours poses both conceptual and empirical challenges.
Some researchers prefer to impute wages for all caregivers
[43, 57], and other analysts conservatively use the minimum
wage to value informal care time [58]. Of a sample of 50
studies that used the opportunity cost approach to evaluate
the economic burden of informal nurse care, five reportedly
used caregiver’s lost earnings, and other studies multiplied

1
If caregivers report greater utility from providing care than from
displaced leisure care, time may not have a positive opportunity cost
(Perou R, personal communication; 12 December 2017).
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care hours by an hourly wage, whether the average gross or
net wage in the economy, the minimum wage, or the caregiver’s own wage [42]. The choice of imputation method
can yield very different estimates of the opportunity cost of
informal care [40].
Conceptual challenges result from heterogeneity in
earning potential. Imputation of wages based on observed
characteristics such as age, sex, and years of education can
understate the opportunity cost of time for individuals who
have relatively high earning potential associated with unobserved characteristics. Similarly, use of mean, median, or
minimum hourly wages for the population may overstate the
opportunity cost of time of low earners and understate the
opportunity cost for high earners.
Another source of heterogeneity in estimates is the decision whether to use gross wages, inclusive of benefits, or net
wages, i.e. the wage after employer deductions. The social
opportunity cost of paid work is the employer cost of compensation, since it is employer cost that is equated to the
marginal product of labour [59]. Many economists argue
that the market wage is the relevant shadow price for all
types of time use, including leisure [12, 41], although the
post-tax hourly wage is relevant for labour–leisure tradeoffs. Some economists assume a lower value of displaced
leisure or personal care time, often taking a fraction of the
hourly wage [59]. On the other hand, it can be argued that
the market wage may be a lower bound for the value placed
on non-market activities [41].
3.1.2.2 Use of Displaced Paid Work or Household Income
as Proxies for the Opportunity Cost of Informal Care Informal caregivers often see a reduction in earned income
through either dropping out of the labour force or remaining
employed while reducing hours of paid work [24]. For that
reason, researchers often use displaced paid work as a proxy
measure of the opportunity cost of informal care. Typically, researchers using that approach multiply lost hours
of paid work attributed to informal care by the individual’s
hourly earnings or by an imputed wage. That approach was
endorsed by the First Panel for the calculation of patient
time costs [55] and was included in a worked example of
informal care time costs [60].
Valuing displaced work time in this way is consistent with
the human capital approach that is commonly used to assess
productivity losses (indirect costs) associated with disease,
disability, or premature death [61–63]. The Second Panel
endorsed using this method for valuing productivity losses
incurred by either patients or caregivers [10]. The alternative friction cost approach to estimating lost earnings yields
much lower estimates of the opportunity cost of informal
care [64].
Not all caregiving activities displace paid employment;
some groups of informal caregivers experience displacement
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of paid work to a greater degree than others. In particular, the
friction cost approach can seriously undervalue the opportunity cost of informal care provided by caregivers who are
retired or otherwise not actively engaged in the labour force
prior to initiating informal care. In addition, secondary caregivers, especially caregivers who do not reside with care
recipients, appear unlikely to experience reduction in paid
employment [65], and their caregiving is not valued in this
approach. Conversely, among primary caregivers, greater
intensity of informal care is associated with reduced labour
force participation, even controlling for the endogeneity of
informal care and labour force participation [66, 67].
Multiplying reduced hours of employment by the hourly
wage can understate the opportunity cost of informal care if
primary caregivers experience lower hourly earnings resulting from interruptions in employment. For example, in a
US study, Tilford et al. conservatively assumed that hourly
wages were unaffected by care responsibilities [68]. In that
study, primary caregivers earned about 25% less per hour
than in a matched population sample, and the loss of annual
earnings may have been greater than estimated. It should
also be acknowledged that the existence of a wage penalty
may be dynamic, increasing over time following disrupted
labour market attachment due to inability to earn promotions
or change employment for higher-paying positions. A recent
study found no immediate effect of reduced full-time work
on hourly earnings but considerable long-term reduction in
hourly earnings [21].
In place of estimating reduced hours of work and multiplying by hourly earnings, some researchers directly estimate differences in annual earnings for samples of affected
and unaffected families [69, 70]. That approach has the
potential advantage of incorporating effects of reduced work
attachment owing to caregiving responsibilities on hourly
earnings as well as hours of work. It can also capture differences for multiple household members. In one study that
estimated both reduction in annual household income and
reduced hours of paid work, the former was substantially
larger in magnitude than would be implied by the loss of
hours of paid work [70].
To sum up, studies that restrict estimates of the opportunity cost of informal care to reductions in market work
and earnings seriously underestimate the overall economic
burden of informal care since they assign no monetary value
to other time uses that may be displaced by informal care.
Moreover, such studies may differentially underestimate the
burden of informal care, not valuing care provided by those
who are either outside the labour market or who provide
secondary care that does not affect their paid employment.
It is suggested that studies that follow this approach also
conduct a sensitivity analysis in which all care hours are
valued equally, if it is possible to estimate attributable hours
of informal care. However, a strength of valuing lost hours
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of paid work is that it can be done by comparing objectively reported hours of paid work for samples of caregivers from affected and unaffected families rather than asking
caregivers to speculate how care displaced other activities.
Furthermore, for young children and the elderly, it can be
difficult to distinguish informal care hours due to a health
condition from usual caregiving requirements in the absence
of a health problem.

3.2 Stated‑Preference Methods
Two types of stated-preference methods are commonly used
in health economics to estimate shadow prices where market
prices either do not exist (non-market goods) or may not be
generalizable: contingent valuation (CV) and conjoint analysis (CA) methods [15, 39]. Unlike the opportunity cost and
replacement cost methods, stated-preference methods can
capture the preferences of both the informal caregiver and
the patient. The utility that informal caregivers derive from
providing informal care is appropriate to include in a full
cost-benefit analysis. For analyses that separately estimate
spillover effects on caregiver health and the valuation of
informal care time, certain stated-preference methods can
be used that minimize the risk of double counting the utility
of health and of time use [18].
With CV, one can assess the minimum amount an informal caregiver is willing to accept to provide an additional
hour of informal care or willing to pay to not give an
additional hour [49]. For example, the iVICQ tool developed by the Erasmus group asks two CV questions. First,
the respondent is asked how much they would be willing
to accept from the government to provide 1 extra hour of
informal care per week with categories of €0, €1–5, €6–10,
etc., up to > €50. It then asks the respondent how much they
would be willing to pay someone to take over part (1 h per
week) of their responsibility of providing informal care,
using the same categories. CV questions can also be asked of
care recipients to value informal care from their perspective.
Conjoint refers to the joint consideration of preferences
over multiple attributes. The primary application of CA is
the discrete-choice experiment (DCE), in which respondents are presented with a limited number of attributes of a
hypothetical product and asked to choose the combination
of attributes that best reflects their preferences. The CA and
DCE terms are often used interchangeably in health economics [71, 72]. The approach, which was developed in
marketing research and environmental economics, has been
widely adopted in health economics [73]. For example, the
respondent may be asked to choose between two or more
informal care situations, described by different characteristics or attributes. Attributes may include the number of
hours of care per week and the type of care activity, as well
as a monetary attribute. Having respondents make several

469

Quantifying Family Spillover Effects in Economic Evaluations

choices and varying the levels of the attributes allows the
researcher to derive implied preferences for attributes.
A few researchers have used CA or DCE to calculate the
monetary value of informal care [15, 18, 38, 74, 75]. WTP or
willingness to accept (WTA) can be indirectly estimated by
dividing the estimated utility difference for different values
of one attribute by an assumed constant marginal utility of
a dollar [72].
3.2.1 Key Considerations and Sources of Potential Bias
One criticism of stated-preference studies, both CV and CA,
is that they are vulnerable to hypothetical bias. That is, these
methods may not capture ‘true’ preferences, since there are
no real market consequences for the respondent, although
some studies suggest they are sensitive to individual circumstances of caregiving (e.g. requiring higher payments for
more labour-intensive tasks) [49, 74, 76, 77]. Also, substantial numbers of respondents may choose not to participate
in the exercises because of their hypothetical nature [76].
It is important to conduct external validation using evidence of revealed preferences because respondents may
overstate their willingness to pay (WTP) when faced with
hypothetical scenarios compared with actual choices when
they are obliged to pay money [78]. In one meta-analysis of
CV estimates, List and Shogren [79] found that CV respondents overstated preferences as much as threefold. A recent
meta-analysis of CV studies found more variability, with
many studies showing a smaller magnitude of bias [80].
Another issue is that informal caregivers who are satisfied
with their role are less likely to participate in CV surveys
than those who are dissatisfied, thereby subjecting WTP/
WTA estimates to upward bias [76].
Although some researchers have reported external validity of DCE estimates to predict behaviour [81], this does
not necessarily apply to monetary estimates of WTP [78].
If a constant marginal utility of income does not hold, linear
WTP estimates may be unreliable [82]. In addition, incorporating utilities into valuation of informal care time makes
stated-preference methods vulnerable to double counting
with health outcomes if caregivers take into account the
preferences and health of care recipients. Finally, an individual’s stated preferences are not necessarily a good indicator
of an individual’s well-being because they may be considering the welfare of others, may have imperfect foresight, or
may exhibit irrational preferences [25]. Therefore, we suggest that analysts either use stated-preference methods (CV
or CA) to value the utility or disutility of informal care,
including its health effects, or separately analyse the effects
on health and value of time. Hoefman et al. [18], in their
DCE analysis of WTA for informal care time, calculated a
‘pure’ measure of time by including attributes to adjust for
other effects of informal care.

4 Discussion
The recognition that health interventions, diseases, and
conditions produce spillover effects on family members
has led to growing attention to the incorporation of these
effects in terms of health or lost productivity in CEA and
COI analyses. Indeed, the Second US Panel now explicitly
recommends the incorporation of both informal caregiver
health and productivity effects in reference case societalperspective CEAs of health interventions. Informal care time
should be included in an inventory of costs and considered
for inclusion depending on the study perspective, availability
of data, and the likelihood that its inclusion would have a
substantial effect on cost estimates.
This review suggests that the literature, with rare exceptions [18], has not sufficiently considered accounting for
both health and productivity effects in the same analysis. In
particular, the inclusion of health and productivity effects
in a CEA gives rise to the potential for double counting.
There are also issues of endogeneity in the allocation of time
between market and non-market work and between productive time and time in health-promoting activities.
Because informal care can affect both productivity and
health, care needs to be taken to understand the consequences of approaches to measuring and valuing informal
care. Informal care can displace leisure and personal care
time as well as market and non-market productive time. It
might be argued that economic estimates of foregone earnings are conservative estimates of the economic burden of
informal care responsibilities since they ignore other displaced time uses. On the other hand, economic estimates
of overall informal care time can involve double counting
with health effects, which are typically represented in quality-adjusted life-years (QALYs). If properly specified [18],
WTP/WTA estimates of informal care may be suitable for
inclusion in CEAs that assess spillover effects on health of
family members using QALYs.
A concrete example of endogeneity between informal
care time and health is the association of informal care with
sleep time. Caregivers of more severely affected children
with spina bifida up to 6 years of age in Arkansas, USA,
reported an average loss of 1.1 h per night of sleep relative to
caregivers of children with less severe lesions (5.6 vs. 6.7 h)
[83]. Reduced sleep is associated with worse self-reported
quality of life as demonstrated by a survey of caregivers of
children with autism spectrum disorder. Researchers found
that 25% of caregivers reported averaging ≤ 5 h of sleep per
night compared with 3% of the general population; those
caregivers also had significantly worse health state utility
scores than caregivers who averaged ≥ 7 h of sleep per night
[84].
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The diary and recall methods for measurement of informal care time each have advantages and limitations [23,
25]. The chief advantage of recall methods is that they can
be incorporated in large surveys. Recent recalls, i.e. activities within the past week, are more accurate. A much more
important methodological issue is the collection of the same
time use data from comparison groups of families unaffected
by disease or disability. Use of unadjusted estimates of informal care time can result in substantial overestimates of the
economic burden of informal care.
The replacement cost and opportunity cost approaches
for valuation of informal care time also have advantages
and limitations. Each approach should be applied to data on
care time that are differentiated either by displaced activities (opportunity cost) or type of informal care (replacement
cost). The opportunity cost of informal care depends on
which activities are displaced, and likewise the replacement
cost of informal care services can vary greatly depending
on the task. The replacement cost approach may not fully
reflect the variety of care management services provided
by informal caregivers and as a result may undervalue care.
Applying a single wage rate to overall hours of informal
care is at best a very crude approximation of the economic
cost of care.
The ability of stated-preference measures to generate reliable valuations of informal care time is unclear. In particular,
the three published DCE/CA studies yielded widely varying
monetary estimates of the value of an hour of care. It appears
that the specific way that scenarios are framed can be highly
influential. Notably, if the monetary attribute is not anchored
to prevailing hourly wages for paid care, as was done in one
study [74], resulting estimates appear to be much lower than
replacement cost estimates [38, 75]. On the other hand, these
methods allow for differential monetary estimates varying by
number of daily hours of care and the perceived unpleasantness of care tasks.

5 Conclusions
This review summarizes and critiques the many different
approaches that have been considered for measuring and
valuing informal care for CEA. Virtually none of the studies
reviewed considered the consequences of a given approach
for a CEA that also sought to incorporate caregiver health
effects. Some approaches, especially CV and DCEs, create
the potential for double counting if care is not taken to estimate pure time values. Another issue is endogeneity between
informal care time and health. The Second US Panel argues
for using the human capital approach to value productivity loss for both patients and caregivers. Inclusion of lost
leisure time in addition to work time ignores the potential
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endogeneity of health with regard to time spent in informal
care to the extent it displaces personal care time.
Important strides have been made in the valuation of
informal care, but the diversity of methods, assumptions,
and estimates results in a great deal of uncertainty in the
magnitude of the economic burden of informal care. It might
be possible someday to produce off-the-shelf estimates of
informal care costs based on caregiver characteristics and
patient conditions, but such estimates will necessarily differ
depending on the methods used to measure and value informal care time. Additional work in this area should consider
the implications of different approaches for the inclusion of
both health and productivity effects of informal care in COI
analyses and CEA. Whatever methods of measurement and
valuation of informal care are used, the strengths and limitations should be addressed, along with a justification for the
chosen methods.
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