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Abstract

Background: Healthcare interventions that have positive effects on the stroke survivors’ health-related quality of life
(HRQoL) and quality-adjusted life-years (QALYs) might also have positive effects for their spouses in terms of
improved HRQoL and/or reduced spousal informal support. However, knowledge about stroke survivors’ HRQoL
and QALY and the consequences for their spouses’ HRQoL and QALY is limited. Therefore, the aim of this study was
to describe the HRQoL and QALY-weights in dyads of stroke survivors in comparison with dyads of healthy
controls, and to study the relationship between the stroke survivors’ QALY-weights and consequences for spouses
in terms of QALY-weight and annual cost of informal support, using a long-term perspective.

Methods: Data on stroke survivors, controls, and spouses were collected from the seven-year follow-up of the
Sahlgrenska Academy Study on Ischemic Stroke (SAHLSIS). HRQoL was assessed by the SF-36, and the preference-based
health state values were assessed with the SF-6D. The magnitude of the support was assessed with a study specific
time-diary. An ordinary least squares (OLS) regression was used to estimate the association between stroke survivors’ and
spouses’ QALY-weights. A two-part econometric model was used to estimate the association between stroke survivors’
QALY-weights and the time spent and cost of spouses’ informal support.

Results: Cohabitant dyads of 248 stroke survivors’ aged <70 at stroke onset and 245 controls were included in the study.
Stroke survivors had lower HRQoL in the SF-36 domains physical functioning, physical role, general health, vitality (P < 0.
001), and social functioning (P = 0.005) in comparison with their cohabitant spouses. There was no significant difference in
HRQoL for the dyads of controls. The results from the regression analyses showed that lower QALY-weights of the stroke
survivors were associated with lower QALY-weights of their spouses and increased annual cost of spousal informal support.

Conclusion: Our results show that the QALY-weights for stroke survivors had consequences for their spouses in terms of
annual cost of spousal informal support and QALY-weights. Hence, economic evaluation of interventions that improve the
HRQoL of the stroke survivors but ignore the consequences for their spouses may underestimate the value of the
intervention.

Keywords: Stroke, Spousal informal support, Health-related quality of life, Quality-adjusted life-years, Dyadic perspective.

* Correspondence: josefine.persson.2@gu.se
1Department of Clinical Neuroscience, Institute of Neuroscience and
Physiology, the Sahlgrenska Academy at the University of Gothenburg,
Gothenburg, Sweden
2Health Metrics, the Sahlgrenska Academy at University of Gothenburg &
Centre for Health Economics (CHEGU), University of Gothenburg, Box 414,
405 30 Gothenburg, Sweden
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Persson et al. Health and Quality of Life Outcomes  (2017) 15:150 
DOI 10.1186/s12955-017-0724-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s12955-017-0724-7&domain=pdf
http://orcid.org/0000-0003-4308-3523
mailto:josefine.persson.2@gu.se
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
The caregivers’ role is important in influencing the out-
come after stroke within a mutual dyadic relationship.
Stroke survivors living with their family or spouse arrive
earlier at the hospital, receive more thrombolytic therapy,
are more likely to return home [1], and receive more anti-
coagulants as secondary prevention [2], compared to stroke
survivors living alone. Previous studies showed that stroke
survivors’ living alone predicted mortality after stroke [3],
which was especially true for male stroke survivors in the
long-term perspective [4]. The caregiver’s characteristics
also have an impact on the outcome of the stroke survivors.
Caregivers’ depression was associated with lower scores of
stroke survivors’ physical function and communication at 4
months after stroke onset, and social participation and
mood at 12 months after stroke onset [5]. Results from the
ASPIRE-S study [6] showed that, six-months after stroke
onset, caregiver anxiety was predicted by the stroke survi-
vor’s anxiety, depression and cognitive impairment, and
caregiver depression was predicted by the stroke survivor’s
anxiety and depression. The association between health-
related quality of life (HRQoL) for dyads of stroke survivors
has previously been studied in a short-term perspective of
four and 16 months after stroke onset [7]. The results
showed that there was no significant difference in the bod-
ily pain, emotional role, and mental health between the
dyads after 4 months and no difference in bodily pain and
mental health after 16 months. The association between
the dyads’ depression and HRQoL has, however, not been
studied in a long-term perspective.
Spouses of stroke survivors experience a negative impact

on their HRQoL during the first 2 years after the stroke
onset [8], and we have shown that such a negative impact
was also present 7 years after stroke onset [9]. In these
previous studies, the impact on spouses and caregivers’
HRQoL was studied in relation to objective stroke-related
outcome, such as functional status and emotional vari-
ables. However, there is a lack of knowledge concerning
whether stroke survivors’ self-perceived physical, general,
and mental health has consequences for their spouses that
would be relevant for economic evaluations with a societal
perspective. The relevant consequences in this perspective
would be to show whether a health care intervention has
an impact on the cost of informal support and on rela-
tives’ health [10]. Quality-adjusted life-years (QALY) is the
recommended health outcome measure in economic eval-
uations [11, 12]. A QALY is a generic measure that com-
bines health status, often called QALY-weights, and time
in the same outcome measure. However, knowledge about
relative’s QALY-weight is in general limited [13]. We have
previously shown that the spouses’ HRQoL were associ-
ated with measures of global function of the stroke survi-
vors [9]. Furthermore, the quantity of informal support
has also been shown to be associated with the stroke

survivors’ functional ability [14], motor and cognitive
function [15] and their stroke-related health problems
[16]. We have recently shown that the spousal support
and cost [17] and QALY-weight [18] were associated with
measures of global function of the stroke survivors. How-
ever, it remains to be shown whether there is an associ-
ation between the stroke survivors’ QALY-weights and the
informal support provided by their spouses.
Hence, the aim of this paper were [1] to describe the

HRQoL and QALY-weights in dyads of stroke survivors in
comparison with dyads of healthy controls, [2] to study
the relationship between QALY-weights within dyads of
stroke survivors, and [3] to study the relationship between
the stroke survivors’ QALY-weights and the annual cost of
spousal informal support, using a long-term perspective.

Method
Subjects
The study population originated from the Sahlgrenska
Academy Study on Ischemic Stroke (SAHLSIS) [9, 19]. The
SAHLSIS database comprised 600 consecutively included
patients diagnosed with stroke before the age 70, recruited
from four stroke units in the Region Västra Götaland be-
tween 1998 and 2003. The patients were age, sex, and geo-
graphically matched with 600 controls. Residents from
Gothenburg, older than 30 years, were selected randomly
from a group of participants in a population-based health
survey [20]. Residents from Skövde and Borås as well as
controls younger than 30 years, were collected from the
Swedish Population Register. All controls were evaluated at
a face to face visit with a study nurse. The medical history
was obtained using a structured questionnaire, and all con-
trols were underwent investigation with an electrocardiog-
raphy (ECG). Participants with a history of stroke,
coronary, or peripheral artery disease (doctors’ diagnosis),
or sign of ischemic heart disease on resting ECG according
to the Minnesota code were excluded.
For the seven-year follow-up, the patients and con-

trols were invited to respond to a questionnaire regard-
ing background variables and self-assessed instruments
concerning health issues. Stroke survivors who were re-
cruited at the Sahlgrenska University hospital were also
invited to visit the research nurse and physician.
Cohabitant spouses and partners of both stroke
survivors and controls were requested to respond to a
questionnaire regarding background variables and a
self-assessed instrument for HRQoL. The recruited par-
ticipants and drop-out rates have been presented in de-
tail elsewhere [9]. In brief, at SAHLSIS baseline, 422
stroke survivors and 437 controls were cohabitant. In
the seven-year follow-up, 299 stroke survivors and 344
controls were cohabitant, whereof 248 spouses of
stroke survivors and 245 spouses of controls were re-
cruited to the study (Fig. 1).

Persson et al. Health and Quality of Life Outcomes  (2017) 15:150 Page 2 of 10



The stroke survivors who were lost from baseline to
the seven-year follow-up had poorer global disability
measured with the modified Rankin Scale (mRS)
(P < 0.001), and more males than females were lost in
the follow-up. During the period from baseline to the
seven-year follow-up, 16.5% of the stroke survivors in-
cluded in this study had a recurrent stroke. Of the con-
trols, 1.6% had a stroke during the period from baseline
to the seven-year follow-up.
Seventeen percent of the cohabitant stroke survivors,

and 29% of the controls at the seven-year follow-up re-
fused contact with their spouse, or the spouse declined
participation in the study. There was no difference in
age or sex between the stroke survivors or controls
whose spouses were recruited to the study, compared to
those whose spouses were not included in the study.
The data collection of informal support was made in a

second step and of the 80 spouses that reported in the
seven-year questionnaire that they provided support to
their partner, 67 spouses were available for data

collection of quantifying informal support in a study-
specific time-diary, and 53 full-filled the data collection.
Thus, the analysis concerning time spent and annual
cost of informal support is based on 53 spouses report-
ing informal support and 198 spouses reporting no in-
formal support, which provided a total study population
of 221 dyads (Fig. 1). The recruited participants and
drop-out in the time-diary study have been presented in
detail elsewhere [17].
The recruited spouses in the time-diary study (n = 53),

did not differ concerning spouses’ age, sex, occupational
status, level of education, or the global disability of their
stroke surviving partner as measured with the mRS,
compared to the drop-outs (n = 27).

Assessments and data collection
Sociodemographic data about the study population was
collected from the SAHLSIS database. HRQoL was
assessed using the Short Form-36 (SF-36) questionnaire
(version 1) in an approved Swedish version [21]. The SF-

Fig. 1 Flowchart of study population
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36 consists of eight domains: physical function, physical
role, bodily pain, general health, vitality, social function-
ing, emotional role, and mental health. An algorithm de-
veloped by Brazier et al. [22] was used to derive a
preference-based measure of health from the SF-36 into
the six-dimensional health state classification, i.e. SF-6D.
The SF-6D six domains are physical functioning, role
participation (combined role-physical and role-
emotional), social functioning, bodily pain, mental
health, and vitality. Each dimension has between four to
six response levels, resulting in 18,000 different health
states. Each health state has been weighted directly or
indirectly using the standard gamble method on a ran-
dom sample from the general population in the UK.
Data regarding quantity of informal support by the

spouses of stroke survivors were collected by a study-
specific time-diary. The spouses reported their informal
support during one for them normal week with regard
to four different categories of support, i.e. practical sup-
port, housework, support in contacts and being available
(Fig. 2). In the analyses, the categories pertaining to
practical support, housework, and support in contacts
were aggregated into one category, i.e. practical support.
A limit of 24 h were used in the analysis.

Cost analyses
The cost of informal support was valued according to
the opportunity cost method [23], i.e. the time spent on
informal support was valued as the person’s best alterna-
tive use of the time (on work or leisure). Loss of produc-
tion was valued by the human capital approach [23]. An
hourly estimation of loss of production, including payroll
taxes, of €20 (exchange rate 0.10 from € to SEK) was
used [24]. Due to lack of data concerning whether the
spouses reduced their working time to provide informal
support, we valued the informal support as leisure time
with a rate of €7, i.e. 35% of the hourly loss of produc-
tion [25]. Joint production was considered for the cat-
egory “being available”, i.e. when the spouses themselves
benefited from the provided informal support. Hence,
support as being available was valued at 50% of the leis-
ure time, i.e. an hourly rate of €3.5. The annual cost of
informal support was estimated by an extrapolation from
the weekly reported support in the time-diaries.

Statistical analyses
The variable distribution was presented as mean and
standard deviation (SD) for continuous variables and as
number and percentage for categorical variables. All

Fig. 2 The time-diary
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significance tests were two-sided and conducted at the
5% significance level. The Wilcoxon signed rank test was
used to test the statistical difference within the dyads of
stroke survivors and dyads of controls.
To investigate the relationship between the QALY-

weights of the dyads of stroke survivors, an ordinary least
squared (OLS) regression was used. The dependent vari-
able was the spouses’ QALY-weights. The stroke survivors’
QALY-weights were included as an independent variable
(model 1), while model 2 were adjusted for spouses’ age,
sex, educational level, and occupational status.
To investigate the relationship between the time spent

and annual costs of spouses’ informal support and the
stroke survivors’ QALY-weights, we used a two-part
model [26] due to a large proportion of the spouses
reporting that they provided no informal support. This
model has been adopted for other studies estimating
cost of informal care [16]. The first part of the jointly es-
timated two-part model was a binary choice model for
estimating the probability of observing a positive out-
come, and the second part was a regression model based
on the observations with positive outcomes. The chosen
approach was a logit for the first part and for the second
part and an ordinary least squares (OLS) with the nat-
ural logarithm (ln) of the outcome variable, i.e. ln(hours)
and ln(cost). For the retransformation from the ln-scale
to the raw cost scale a Duan Smearing Approach was
used [27]. The standard errors and confidence intervals
were estimated with percentile bootstrap with 1000 rep-
lications. The dependent variables were time spent and
annual cost of practical support and support by being
available. The stroke survivors’ QALY-weights were in-
cluded as an independent variable, and the model was
adjusted for spouses’ age, sex and occupational status.
The results for each part of the model were combined to
yield a predicted estimate of the hours per day and an-
nual cost of practical support and support by being
available for each of the stroke survivor’s QALY-weights.
All the analyses were carried out in the STATA statis-

tical software (version 14, College Station, TX, USA).
For the two-part model, the “tpm” command was used
and the “margins” command was used for predictions.

Results
The population of this study consisted of 248 cohabitant
dyads of stroke survivors and 245 cohabitant dyads of
healthy controls. The mean ages of the spouse and the
stroke survivors were 62 (range: 21–82) and 64 (range:
18–77), respectively, and 66% and 34% were females, re-
spectively (Table 1). The study population for the analyses
of informal support consisted of 221 dyads of stroke survi-
vors. The mean ages of the spouse and the stroke survi-
vors were 62 (range: 21–82) and 62 (range: 26–77),
respectively, and 66% and 34% were females, respectively.

In a long-term perspective of 7 years after stroke onset,
there were significant differences between the stroke survi-
vors and their spouses in the SF-36 domains concerning
physical functioning, role physical, general health, vitality,
social functioning and also in their QALY-weights. How-
ever, for the controls and their spouses, there were no sig-
nificant differences between any of the SF-36 domains, nor
the QALY-weights (Table 2). The HRQoL for stroke survi-
vors in comparison with the controls was different for all
the SF-36 domains, (P < 0.001, bodily pain P = 0.015).
Mean SF-6D QALY-weight for spouses and stroke survivors
were 0.75 (range: 0.44–0.94) and 0.70 (range: 0.30–0.94).
Mean SF-6D QALY-weight for spouses and controls were
0.77 (range: 0.43–0.94) and 0.78 (range: 0.48–0.94).
The results from the OLS regression showed that

higher QALY-weights of the stroke survivors were asso-
ciated with higher QALY-weights of their spouses
(P < 0.001). When adjusted for spouses’ own demo-
graphic features, the association between the dyad’s
QALY-weights was still significant (P = 0.002). Lower
own QALY-weights were also found among the spouses
who were retired, unemployed, on sick leave or part-
time employed (Table 3).
The spousal informal support in hours per day and an-

nual costs was estimated as a function of the stroke sur-
vivors’ QALY-weight with a two-part econometric
model. Figure 3, illustrates the predicted estimates of
hours of practical support and being available in relation
to the stroke survivors’ QALY-weights. Lower QALY-
weight of the stroke survivor predicted more time of
practical support and support by being available. For
QALY-weights of ≥0.8, the associations with the time
spent of practical support and support by being available
were no longer significant. Similar results were shown
for the annual cost of informal support, where for
QALY-weights ≤0.8, the annual cost of practical support
and support by being available gradually increased with
lower QALY-weights of the stroke survivor (Table 4).
According to the output from the two-part regression

model, the first part showed that the stroke survivors’
QALY-weights predicted their spouses’ practical support
(P < 0.001) and support by being available (P < 0.001).
However, in the second part of the model, the stroke
survivors’ QALY-weights were not significantly associ-
ated with the spouses’ practical support and support by
being available. Hence, according to our data, it was the
fact that the spouses provided informal support, and not
the time spent on informal support, that was the driving
factor underlying the significant results regarding the
post-estimates of time and annual cost of informal sup-
port per QALY-weight. The post-estimates of time spent
on support and annual cost of informal support for
stroke survivors with QALY-weight of 0.4 were not sig-
nificant. This was probably due to few observations
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(n = 6) with QALY-weight 0.4 and wide distribution in
the category “being available” (range: 0–24 h per day).

Discussion
The main finding of this study is that lower QALY-
weights of the stroke survivors were associated with
their spouses’ lower QALY-weights and higher cost of
informal support. Economic evaluation of a health care
intervention that improves the HRQoL of the caregiver
or reduces the carer time, underestimate the value of the
intervention if those effects are excluded [28]. A system-
atic review concluded that the literature has not suffi-
ciently taken into account the theories, guidelines and
methods that support the inclusion of informal care in
applied economic evaluations [29]. However, it can be

noted that the studies in this review that incorporated
informal support seemed to have an impact on the cost-
per-QALY estimate. Our findings indicate that from a
societal perspective, economic evaluations of health care
interventions for the stroke survivors that improve their
QALY-weights should also incorporate the spousal ef-
fects to capture an essential part of the total effect in
dyads of stroke survivors.
A previous study by Dixon et al. [30] showed that the

EQ-5D score for a large cohort of patients with various
diseases was associated with increased carer time. Al-
though this study also showed an association between
carer time and QALY-weights, the study objectives dif-
fered from ours in several ways. First, the study population
consisted of patients with various diseases in a short-term

Table 2 Health-related Quality of Life and SF-6D QALY-weights for dyads of stroke survivors and dyads of controls

Spouses of stroke survivor Stroke survivor Mean difference Spouses of controls Controls Mean difference

Physical functioning 84 (21) 67 (30) 17 (31)*** 87 (18) 87 (16) 0 (21)

Role, physical 79 (36) 65 (41) 14 (49) *** 86 (32) 86 (31) 0 (42)

Bodily pain 72 (27) 71 (29) 1 (36) 76 (26) 79 (24) 3 (35)

General health 72 (23) 63 (23) 9 (28)*** 76 (21) 78 (18) 2 (24)

Vitality 66 (24) 57 (25) 8 (30)*** 73 (22) 76 (19) 3 (25)

Social functioning 87 (21) 81 (25) 6 (31)** 91 (19) 92 (17) 1 (23)

Role, emotional 81 (35) 80 (36) 0 (49) 90 (27) 93 (23) 3 (31)

Mental health 78 (20) 76 (20) 2 (25) 84 (16) 86 (15) 2 (19)

SF-6D QALY-weight 0.75 (0.12) 0.70 (0.12) 0.05 (0.15)*** 0.77 (0.11) 0.78 (0.10) 0.01 (0.14)

Mean with standard deviations in parenthesis
Wilcoxon signed ranks test with following level of significance: ***1%, **5%, *10%

Table 1 Demographic features of the sample

Spouses of stroke survivors (%)
(n = 248)

Stroke survivors (%)
(n = 248)

Spouses of controls (%)
(n = 245)

Controls (%)
(n = 245)

Mean age, y (SD) 63 (11) 64 (11) 64 (9) 65 (9)

Female sex 162 (65) 85 (34) 161 (66) 84 (34)

Education

Secondary or less 96 (39) 92 (37) 71 (29) 83 (34)

High school 77 (31) 87 (35) 89 (36) 87 (36)

University 75 (30) 68 (28) 85 (35) 74 (30)

Occupation

Employed fulltime 73 (29) 30 (12) 58 (24) 72 (30)

Retired fulltime 122 (49) 148 (60) 132 (54) 145 (56)

Othera 53 (21) 70 (28) 55 (22) 28 (14)

Household

Children <18 at 28 (11) 22 (9)

Support in home

Informal supportb 80 (32) 8 (3)

Formal supportc 25 (10) 0 (0)
aOther: Employed part-time, retired part-time, unemployed, sick leave and being a student
bInformal support: Self-reported information from the spouse concerning whether they provided informal support to their partner
cFormal support: Home care, personal assistant, or living at nursing home
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perspective, while we studied dyads of stroke survivors in
a long-term perspective. Second, the questions concerning
carer time from friends and relatives were answered retro-
spectively by the patients themselves, while we used a
time-diary answered prospectively by the spouses to high-
light the subjective perceptions of informal care by the
spouses themselves and to prevent recall bias [31]. Third,
their study used the EQ-5D while we used the SF-6D in-
strument, and these instruments have in previous studies
yielded different results [32].
According to a recent systematic review [33], the aver-

age weekly care time for stroke survivors was 23.98 h.
This approximately corresponds to the spousal weekly
support provided to stroke survivors with a QALY-
weight of 0.6, according to our data, while a QALY-
weight of 0.7 corresponds to a weekly spousal support of
13 h and a QALY-weight of 0.5 corresponds 41 h of
spousal support per week. According to this systematic
review [33], the average unit cost per hours of informal
support valued with the opportunity cost method was
€10.14, which is somewhat higher compared to our
shadow price for loss of leisure time. The appropriate
shadow price to use for leisure time, if any, is debated in
the literature [31]. We chose to use a shadow price for
leisure that corresponded to 35% of loss of production, a
method that originates from the transport sector and
has been used in other studies [25, 34–37].

The study by Dixon et al. [30] also investigated the as-
sociation between the EQ-5D scores of patients with
Alzheimer’s and their primary caregivers. In contrast to
our results, they did not find a significant association be-
tween the patients’ QALY-weights and those of their
caregivers. One explanation for this might be that Alz-
heimer’s disease and stroke have different courses. Fur-
thermore, Dixon et al. included primary caregivers
whereof 52% were spouses, while we included solely
spouses. The rationale for highlighting the consequences
for this particular subgroup of caregivers was that the
impact on HRQoL might be different for spouses who
were cohabiting with the stroke survivors compared with
other non-cohabitant family members and friends [38].
Our findings show that dyads of stroke survivors re-

port similar levels in the domains of bodily pain, emo-
tional role, and mental health. These results are in line
with a previous study by Jönsson et al. [7] of caregivers
and stroke survivors in a 4 month follow-up after stroke
onset. However, in the second follow-up, 16 months

Table 3 Estimating spouses’ QALY-weights as a function of patients’
QALY-weights with an ordinary least squared regression

Model 1 Model 2

ß p-value ß p-value

QALY-weight 0.205 <0.001 0.187 0.002

Spouses’ age -0.001 0.230

Spouses’ sex

Malea 0.008 0.623

Education

High schoolb -0.013 0.454

Universityb -0.011 0.550

Occupation

Retiredc -0.060 0.010

Otherc -0.064 0.002

Constant 0.607 <0.001 0.680 <0.001

R squared 0.048 0.142

Observations 242 242

The regression analyses were based on a sample of 242 due to missing SF-6D
index for 3 stroke survivors and 3 spouses
Other: Employed part-time, retired part-time, unemployed, sick leave and
being a student
Following references are used:
aFemales
bSecondary school or less
cEmployed

(a)

(b)

Fig. 3 Spouses’ informal support in practical support (a) and being
available (b) in mean hours per day per stroke survivors’ QALY-
weight adjusted for formal support and spouses’ occupational status
and including 95% CI error bars estimated by percentile bootstrap
with 1000 replications
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after stroke onset, the stroke survivors reported an im-
provement in the emotional role-domain compared to
their caregivers. According to Jönsson et al., this may be
due to the stroke survivors’ better adaptation to the new
situation compared to their caregivers. Furthermore, a
study of dyads of patients with chronic heart failure
shows that patients reported lower HRQoL in all the SF-
36 domains compared to their spouses, except in the
mental health domain [39]. Similar to our findings, the
patients’ QALY-weights (0.63) measured with the SF-6D
were also significantly lower in comparison to their
spouses’ QALY-weights (0.78). Previous studies have in-
dicated that depression seems to have a negative impact
on the dyads in both directions [5, 6, 40]. Further longi-
tudinal studies are needed to fully understand the dyadic
perspective of mental illness of stroke survivors and
their spouses. However, our results indicate that there
could be a need of targeting interventions to improve
both the stroke survivors’ and their spouse’s mental
health after a stroke and also in a long-term perspective.
The advantage of studying this well-documented

population with consecutively included stroke survivors
is that it highlights a younger population, many with re-
sponsibility for family and working life in a long-term
perspective, whereas most studies have focused on an
older population in a shorter time-perspective. The find-
ings in this study should however not be generalised nei-
ther to a short-term perspective nor to other groups
such as older dyads of stroke survivors or other family
members, due to two reasons. Firstly, spouses of midlife
stroke survivors often also have responsibilities for their
family and an own professional life [41]. Thus, younger
spouses may experience a greater conflict between their
regular daily family and household chores, working lives,
and the support provided to their partner, in comparison
to older spouses or to other caregivers such as children
and friends. Secondly, given that younger stroke survi-
vors have longer survival time, further enhanced by the
secular trend of decreasing risk of mortality [42],
spouses must provide support to their partner over a
longer period of time compared to older stroke

survivors. Moreover, the spouses prospectively reported
the quantity of their provided informal support in a
study-specific time-diary, a method that minimises the
recall bias [31]. However, the study has also some limita-
tions. The sample that reported the time spent on infor-
mal support was small, with a relatively wide
distribution, especially in the category “being available”.
This might be one of the reasons why the stroke survi-
vors’ QALY-weights were not significantly associated
with the spousal time spent on informal support. In-
stead, the support that were provided by the spouses,
was the driving factor for the post-estimates from the
two-part model. Due to the small sample the
generalizability of the result might be limited due to pos-
sible type II errors. In the two-part model we used the
percentile bootstrap as a resampling method for obtain-
ing the 95% confidence intervals of a larger bootstrapped
sample to handle the skew and small data. However, fur-
ther research with a larger sample size is needed to con-
firm and elucidate our results. A further limitation was
that we did not collect information regarding the med-
ical history of the spouses, and could hence not adjust
the analyses for the spouses’ own possible sickness or
diseases. Moreover, we did not have longitudinal data for
the spouses, but solely for the stroke survivors. Since
many stroke survivors with poorer global disability at 3
months after stroke onset were lost to follow-up, the
spouses’ reported consequences might underestimate the
consequences at least with regard to those in a shorter
time perspective. Further longitudinal data regarding
spouses’ consequences need to be examined to achieve a
more complete economic evaluation of health care
interventions.

Conclusion
The results in this study show that the QALY-weights
for stroke survivors relate to their spouses’ consequences
in terms of spousal time spent on informal support and
spousal QALY-weights. Hence, economic evaluations of
interventions that improve the HRQoL of the stroke sur-
vivors, but ignores to include the consequences for their

Table 4 Annual cost of spouses’ practical support and being available per stroke survivors’ QALY-weight. Costs are presented in €
(2015)

Stroke survivors QALY-weight Practical support P-value Being available P-value

0.40 9009 (1339–16,680) <0.021 6697 (-1581–14,976) 0.113

0.50 5787 (2233–9341) <0.001 5398 (574–10,221) 0.028

0.60 3134 (1673–4594) <0.001 3697 (1091–6305) 0.005

0.70 1460 (602–2318) <0.001 2225 (293–4156) 0.024

0.80 609 (12–1205) 0.046 1230 (-340–2859) 0.139

0.90 233 (-112–578) 0.185 648 (-578–1874) 0.300

1.00 85 (-85–254) 0.328 334 (-498–1165) 0.432

Costs are adjusted for formal support and spouses’ occupational status, with 95% confidence intervals estimated by percentile bootstrap with 1000 replications
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spouses may underestimate the value of the intervention.
Thus, the inclusion of spouses’ consequences in eco-
nomic evaluations could have an impact on the cost-per-
QALY estimates.
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