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Abstract

Introduction Previous research has found a negative effect of dementia on the health-related quality of life (HrQoL) of
persons with dementia (PWD) and their primary informal caregivers. However, the impact of dementia on HrQoL of other
individuals sharing a household with PWD has not been investigated to date. The current study therefore aimed to determine
differences in the HrQoL between those sharing a household with PWD and those not living with PWD. In addition, factors
related to the HrQoL of those sharing a household with PWD were evaluated.

Methods The analyses were based on data from the German Socio-Economic Panel, using the SF-12 to measure HrQoL.
Mixed-effects models were calculated to compare the HrQoL of those sharing a household with PWD and persons not living
with PWD, as well as to determine factors related to the HrQoL of those sharing a household with PWD. Bootstrapping was
used where residuals were not normally distributed.

Results Mixed-effect models showed a significantly lower HrQoL among those sharing a household with PWD, compared
to those not living with PWD. Number of diseases, number of persons in the household, marital status and educational level
were significantly related to HrQoL among those sharing a household with PWD.

Discussion The HrQoL of those sharing a household with PWD was reduced compared to persons not living with PWD.
Further, those living with PWD in small households, or those with multi-morbidities had a lower HrQoL. Further research
focusing on HrQoL in the social environment of PWD is needed.
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Plain English summary informal caregivers, and other persons in the household. Fur-

ther research focusing on HrQoL in the social environment

Little is known about health-related quality of life (HrQoL) of PWD is needed.
in the social environment of persons with dementia (PWD),

with the exception of caregivers. This article examined the

HrQoL of individuals sharing a household with PWD, and Introduction

compares it to those not living with PWD, using a repre-

sentative survey of German households. Results revealed
a reduced HrQoL among those sharing a household with
PWD. The health status of the individual, and the total
number of persons in the household, had a major impact
on HrQoL. No difference was found in the HrQoL of those
sharing a household with PWD, who were also the primary
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Dementia is the most common mental illness in old age, with
approximately 1.5 million people affected in Germany [1].
The prevalence is estimated to be 1.5% of persons aged 65
(n=64,300) and 40% of persons aged 90 (n=281,700) [1].
Due to demographic changes, the overall number of PWD
is expected to increase in the coming decades, so that the
number of PWD will double by the year 2050 to approxi-
mately 3.1 million [1].

In the early stages of the disease, dementia patients usu-
ally live at home, and care is often provided informally by
relatives and friends [2—4]. In particular, care is provided
by persons who are married or partnered (60%), who have
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a higher level of education (37%) and who have no children
(68%). The majority of informal caregivers (50%) are in full-
time employment, whilst 43% are unemployed [5]. In more
than 60% of these cases, informal care is provided by women
[6]. In the later stages of the disease, cognitive and physical
impairments worsen, so that half of patients require 35 h
of care, or more, per week [7]. At this stage, professional
care is needed [4, 8]. Furthermore, with increasing cogni-
tive and physical impairments, HrQoL of PWD deteriorates
[9]. In particular, HrQoL decreases when residential care is
unavoidable and patients have to leave their familiar living
environment [9].

Informal care demands are associated with physical strain
and mental distress for primary informal caregivers [10].
As a significant amount of time is spent providing informal
care, approximately 43% of the primary informal caregivers
are not employed, particularly if care is being provided to
individuals in later stages of dementia [11]. Due to negative
consequences on everyday life, primary informal caregiv-
ers often suffer from mental illnesses, such as depression,
anxiety or stress [12, 13], as well as a reduced HrQoL [10].
A recently published systematic review showed heteroge-
neous results among international studies on the HrQoL of
primary informal caregivers for PWD [10]. Overall, socio-
demographic characteristics, caregiver—patient relationship,
dementia characteristics (duration of dementia, age of onset,
functional impairment, comorbidities), demands of caring,
caregiver health, caregiver emotional well-being, support
received, caregiver independence, caregiver self-efficacy,
and worrying about the future were found in 41 studies to
be associated with HrQoL of persons primarily providing
informal care. Only one study analyzed the HrQoL of pri-
mary informal caregivers in Germany [14].

Caring for PWD not only affects the HrQoL of those liv-
ing with PWD, who are also the primary informal caregiver,
but also that of other household members [12, 13]. Espe-
cially in the case of dementia, household members are faced
with an additional burden with respect to care and support-
ing PWD in their everyday life. Furthermore, the person who
acts as the primary informal caregiver often have to balance
work, caregiving and their personal interests [15]. It seems
reasonable, that similar to the primary informal caregiver,
individuals who live with a PWD may also experience be
physically strain and/or mental stress, which in turn would
influence their HrQoL negatively. Although the severity
of dementia varies from person to person, the relationship
between PWD and family members and friends are likely
to change over time due to changed communication (e.g.
PWD forget names and words) and altered behavior (some
PWD become more impatient or aggressive) [16]. These dif-
ficulties can place an additional burden on family members
and friends. Even though existing household surveys [e.g.
the German Socio-Economic Panel (SOEP)] provide data
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to assess the impact of dementia on household members,
the HrQoL of those sharing a household with PWD, who
are not primary informal caregivers has not been addressed
in the literature. It is important to address this gap in order
to identify the possible health impacts for those sharing a
household with PWD.

Therefore, the aim of this study was to build on exist-
ing literature on the HrQoL of persons who are the primary
caregivers for PWD, by including all household members of
PWD. Based on the SOEP, the HrQoL of individuals shar-
ing a household with PWD was compared with the HrQoL
of persons not living with PWD (research question I). In
addition, determinants of HrQoL among those sharing a
household with PWD were assessed (research question 2).

Methods
Data

The analyses were based on SOEP data, provided by the
German Institute for Economic Research (DIW Berlin),
which has interviewed more than 20,000 household mem-
bers of a representative sample of all German households
annually since 1984. Data for 35 waves are available up until
2019. Data is collected using different questionnaires for
individuals, households or specific subgroups. Based on the
subgroups, and comprising frequently used variables, SOEP
core data sets are prepared by the DIW Berlin. The SOEP
core data sets related to household and personal question-
naires, including sociodemographic data of adult partici-
pants, as well as data on health, were used for the current
analyses.

Core datasets of household questionnaires were used to
capture the relationship between household members. In
comparison to other representative surveys, which usually
only interview one person in a household, the SOEP survey
seeks to interview all household members. According to the
methods report of the DIW Berlin, only household members
indicating important reasons for non-attendance were not
included in the study. Thus, questionnaires from all house-
hold members within a panel wave were available for 95%
of all households [17].

Core datasets related to personal questionnaires with
health-related data included information on chronic diseases
and HrQoL. HrQoL for adult participants was surveyed
every even year since 2002. In order to select individuals
sharing a household with PWD, PWD were determined by
self-disclosure, based on the question “Has a doctor ever
diagnosed you to have dementia?”” which was surveyed every
odd year since 2009. Data on individuals sharing a house-
hold with PWD were limited tdco four waves before the
dementia diagnosis was first reported, in order to reflect the
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undiagnosed, initial phase of dementia. Data of all waves
after a dementia diagnosis were considered. PWD living
alone were excluded. While the SOEP was designed as a
household survey, and persons from one household were fol-
lowed up even if they moved away from the primary house-
hold, our analysis only included data on individuals sharing
a household with PWD while they were still living with
the PWD. Data on persons not living with PWD were not
restricted by household characteristics. At the project start,
data for the year 2018 (wave 34) were not released by the
DIW Berlin and thus not included in the current analyses.
Thus, longitudinal data for the even waves between 2006 and
2016 (waves 22 to 32) were used. Within the SOEP, minors
were not interviewed on their HrQoL, thus the current analy-
ses were based on data from adults only.

Health-related quality of life

Since 2006, the SOEP questionnaire includes a modified ver-
sion of the Short Form-12 (SF-12) questionnaire to measure
HrQoL every second year [18-20]. The SF-12 comprises 12
questions from the Short Form-36, each being answered on a
3 to 5-step ordinal scale. Derived scores were Z-transformed
using means and standard deviations of a normative sample
of the German population [20, 21]. Subsequently, the Physi-
cal Component Summary (PCS) score was calculated by
summing up the Z-scores for questions addressing physical
health, impaired physical role function, physical pain and
general health. Similarly, the Z-scores for questions address-
ing mental health, limited emotional role function and social
functioning were combined to the Mental Component Sum-
mary (MCS) score. The PCS and MCS represent the physi-
cal and mental HrQoL on a scale between 0 (worst HrQoL)
and 100 (best HrQoL), respectively.

In addition to the MCS and PCS, SF-6D index scores
were derived from questions on physical health, limited
physical/emotional role function, physical pain, vitality,
mental health, and social functioning using preference-based
value sets for the British population [22]. Thus, for each of
the 7.500 possible health states, an index value between 0
(death) and 1 (full health) was calculated [22].

Sociodemographic and clinical characteristics

Information on age, gender (female and male), marital sta-
tus (married, single, widowed, divorced, and separated),
educational level, number of diseases, informal caregiving
(errands outside the home, running the household, prepar-
ing meals, minor and major care), and the total number of
persons in the household was considered. As the German
education system differs from international education sys-
tems, educational level was measured by the years until the
highest graduation was achieved. Total number of persons

in the household corresponded to the number of completed
personal questionnaires per household per wave.

The duration of dementia was estimated based on the
years since first diagnosis. Furthermore, the number of addi-
tional diseases was calculated. For this purpose, participants
were asked within the SOEP whether a doctor has ever diag-
nosed one or more diseases, such as sleep disorder, diabetes,
asthma, cardiac disease, cancer, stroke, migraine, high blood
pressure, depression, joint diseases, and chronic back pain.

The persons in need of care within a household was iden-
tified using the core datasets of household questionnaires
and through the use of the personal identification number. A
need for informal care for dementia was assumed where the
person in need of care was also the person identified to be
diagnosed with dementia. The person who was the primary
informal caregiver in the household was identified based on
a corresponding question in the household questionnaire.

Statistical analyses

In order to minimize the number of missing values in soci-
odemographic characteristics and HrQoL, missing values
on age, gender and marital status were replaced by values
from other waves. Missing values of the HrQoL scales (PCS,
MCS and SF-6D index) varied between 24% for households
with PWD and 31% for households without PWD. It is rec-
ommended that missing values are imputed in studies with
missing rates above 5% [23]. Multivariate imputation by
chained equations (MICE) was therefore performed in this
study, with m =20 imputations to replace missing values
[24].

Descriptive statistics of sociodemographic characteristics
of individuals sharing a household with PWD and persons
not living with PWD were calculated.

Mixed-effects models were calculated to compare the
HrQoL of individuals sharing a household with PWD, with
the HrQoL of persons not living with PWD, longitudinally
(research question 1). HrQoL was used as dependent vari-
able, whilst each respective group was included using a
dummy-coded independent variable. Adjustments were
made for age, gender, marital status, educational level, num-
ber of diseases, total number of persons in the household,
being or not being the primary informal caregiver and sur-
vey year to consider group differences in sociodemographic
and clinical characteristics. Subgroup analyses compared
the HrQoL of those sharing a household with PWD, who
were also the primary informal caregiver, with the HrQoL
of persons not living with PWD. Furthermore, differences
in HrQoL among those sharing a household with PWD, who
were not primary informal caregivers, and persons not liv-
ing with PWD were calculated. As residuals were normally
distributed, no bootstrapping approach was applied.
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Likewise, mixed-effects models were used to determine
factors related to the HrQoL of those sharing a household
with PWD (research question 2). Again, HrQoL was chosen
as dependent variable. Age, gender, marital status, educa-
tional level, total number of persons in the household, being
or not being the primary informal caregiver, and number
of diseases were integrated into the model as independent
variables. As residuals were not normally distributed, a boot-
strapping approach with 1000 resamples was chosen.

All analyses were performed using R 3.5.1. The package
“mice” was used for multiple imputation, which was sup-
plemented by the package “miceadds” to calculate Spearman
correlations. All applied statistics were two-sided. As Spear-
man correlations were used in the explorative analysis, no
corrections for multiple testing were applied by calculating
correlation coefficients. The level of significance in regres-
sion analyses was set at a=0.017 (0.05/3) to correct for
multiple significance tests and to avoid a type I error [25].

Results

The current study included n =213 individuals who share a
household with PWD, of whom n=60 (28%) were primary
informal caregivers and n=87 (n=41%) were female. The
mean age of individuals sharing a household with PWD
was 57 years, whereas the mean age of persons not liv-
ing with PWD (n=66,218) was 47 years. Approximately
60% of those sharing a household with PWD were married,
whereas 58% of persons not living with PWD were married
and 28% were single. Thus, those sharing a household with
PWD were older, more likely to be male, more likely to be
widowed, had a higher number of diseases and lived with
a lower number of persons within the household, compared
with persons not living with PWD. Neither groups, however,
differed with regard to their educational level. Among those
sharing a household with PWD, the mean PCS score was
43.4, the mean MCS score was 46.4, and the mean SF-6D
index scores was 0.66 in the year dementia was diagnosed.
The mean PCS, MCS and SF-6D index scores of persons not
living with PWD were 51.0, 49.8 and 0.74, respectively. The
sociodemographic characteristics of the sample are shown
in Tables 1 and 2.

In the mixed-effects models, those sharing a household
with PWD had a significantly lower HrQoL compared with
persons not living with PWD (Table 3). Among those shar-
ing a household with PWD, a higher number of diseases
was significantly associated with a difference in mean PCS,
MCS, and SF-6D index scores of —0.90 (»p=0.003), — 0.86
(»p=0.013), and - 0.01 (p <0.001), respectively (Table 4).
In addition, those sharing a household with PWD, who
were also separated (n=35) had lower MCS scores (— 11.46;
p <0.001) and lower SF-6D index scores (—0.09; p=0.005)
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compared to their married counterparts (n=114). Individu-
als sharing a household with PWD, who graduated after
11 years in school (n=35) had a significantly higher PCS
score than those who’d not graduated (+6.92; p =0.005;
n=25). PCS scores of those sharing a household with PWD,
who lived in smaller households were significantly lower
(—5.99; p=0.009), compared with those in larger house-
holds. Marital status, gender, age, and informal caregiving
was not found to have a significant influence on the HrQoL
of those sharing a household with PWD.

Subgroup analyses revealed significantly lower MCS and
SF-6D index scores among those sharing a household with
PWD, who were also primary informal caregivers, compared
with persons not living with PWD, whilst the PCS scores did
not significantly differ (Table 5). Furthermore, individuals
sharing a household of PWD, who did not act as the pri-
mary informal caregiver, had significantly lower PCS, MCS
and SF-6D index scores than persons not living with PWD
(Table 6).

Discussion

Based on data from a representative household survey, to our
knowledge, this study was the first to show that all individu-
als who share a household with PWD had a reduced HrQoL,
compared to persons not living with PWD. As comparable
international studies on HrQoL in the home environment
are not available, literature on HrQoL of primary informal
caregivers will be discussed. The HrQoL of persons primar-
ily providing informal care to PWD is known to be reduced
compared with other persons in the household [10, 26]. In
particular, primary informal caregivers of PWD had a higher
burden of care and a lower HrQoL than primary informal
caregivers of individuals not suffering from dementia [27].
A higher burden of care was associated with a lower HrQoL
[28]. Behavioral problems and psychological symptoms in
particular have been found to constitute a significant aspect
of the burden of primary informal caregiving [29]. At the
same time, taking on such a task is never without conse-
quences for the social environment. In the current study,
differences in HrQoL between those sharing a household
with PWD, who act as the primary caregiver, and other per-
sons in the household, were not observed. However, it is
conceivable that, similar to persons who are the primary
informal caregiver, behavioral problems and psychological
symptoms of PWD may also act as a burden for other house-
hold members. In this context, living with PWD can be a
challenge, irrespective of whether the individual is acting
as the primary informal caregiver, as individual needs are
often put on hold, which in turn, could have negative health
consequences.
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Table 1 Sociodemographic and clinical characteristics of those sharing a household with persons with dementia and persons not living with a

person with dementia

Sociodemographic and clinical characteristics Individuals sharing a household with  Persons not living with persons  p-value
persons with dementia (n=213) with dementia (n=66,218)

Measurement points: n

4 years before diagnosis 146

2 years before diagnosis 173

Year when dementia was diagnosed 193

2 years after diagnosis 98

4 years after diagnosis 50

6 years after diagnosis 28
Age: mean (SD) 57 (24) 47 (17) Hk
Female gender: n (%) 87 (41) 33,816 (51) Hok
Marital status: n (%) Hk

Married (ref.) 114 (59) 38,392 (58)

Single 54 (28) 18,148 (28)

Widowed 14 (7) 2905 (4)

Divorced 6(3) 4869 (7)

Separated 503) 1904 (3)
Educational level: n (%)

No school-leaving qualification 25 (13) 5801 (9)

Certificate after grade 9 (ref.) 85 (44) 16,897 (26)

Certificate after grade 10 41 (21) 16,883 (25)

Higher education entrance qualification (grade 11) 503) 3343 (5)

Higher education entrance qualification (grade 12/13) 26 (13) 11,955 (18)

Other 11 (6) 11,339 (17)
Number of diseases: mean (SD) 1.9 (1.9) 0.1 (0.6) Hk
Number of persons in the household: mean (SD) 2.3(1.2) 3.9 (2.6) wk
Health-related quality of life: mean (SD)

PCS 43.4 (10.6) 51.0 (9.8) ok

MCS 46.4 (11.9) 49.8 (11.0) ok

SF-6D index 0.66 (0.14) 0.74 (0.14) ok

Sociodemographic and clinical characteristics are presented for the year when dementia was diagnosed; p-value: comparison of categorical char-
acteristics of those sharing a household with persons with dementia and persons not living with persons with dementia were analyzed using
Pearson's y° test; comparison of mean age, number of diseases, number of persons in the household and health-related quality of life was ana-

lyzed using Student's #-test

PCS Physical Component Summary, MCS Mental Component Summary, SF-6D: Short-Form 6-Dimensions, ref. reference group

#p <0.007, **p<0.001

Factors that were negatively related to the HrQoL of
those sharing a household with PWD in the current study
were the number of diseases and the total number of per-
sons in the household. This was expected, since multi-
morbidity compromises health and thereby HrQoL [10].
Furthermore, HrQoL was significantly lower in smaller
households than in larger households. Most households
consisted of one or two other adults in addition to PWD.
There was a significant difference in the PCS score
between households with 1-3 persons (mean PCS score
of 38-39) and households with 4 or 5 persons (mean
PCS score of 44-45). As the total number of persons in
a household increased, the mean age of those persons

decreased. In households with an individual in addition
to the PWD, persons had a mean age of 78, whereas in
households with 5 or more members, the mean age was
36. At the same time, in households with a member in
addition to the PWD, 18% of the household members
reported being single, whilst this was true for 48% of the
persons in households with 5 or more members. There-
fore, smaller households seemed more likely to consist of
married or partnered persons, whereas larger households
seemed more likely to be joint or multi-generation house-
holds. However, the differences in HrQoL that are associ-
ated with the number of persons in the households cannot
be attributed to age and marital status alone. Drawing on
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Table 2 Sociodemographic and clinical characteristics of individuals sharing a household with persons with dementia being the primarily infor-

mal caregiver and other person in the household

Sociodemographic and clinical characteristics Individuals sharing a household with persons with Other household members p-value
dementia being the primarily informal caregiver  of persons with dementia
(n=60) (n=153)

Measurement points: n

4 years before diagnosis 47 99

2 years before diagnosis 57 116

Year when dementia was diagnosed 60 133

2 years after diagnosis 28 70

4 years after diagnosis 8 42

6 years after diagnosis 3 25
Age: mean (SD) 69 (14) 52 (26) o
Female gender: n (%) 35 (58) 52 (39)
Marital status: n (%)

Married (ref.) 37 (62) 77 (58)

Single 9 (15) 45 (34)

Widowed 8 (13) 6 (5)

Divorced 5(8) 1(0)

Separated 12) 4(3)
Educational level: n (%)

No school-leaving qualification 2(3) 23 (17)

Certificate after grade 9 (ref.) 26 (44) 59 (44)

Certificate after grade 10 13 (22) 28 (21)

Higher education entrance qualification (grade 2(3) 3(2)

11)
Higher education entrance qualification (grade 12 (20) 14 (11)
12/13)

Other 5(8) 6(5)
Number of diseases: mean (SD) 2.4 (1.8) 1.7 (2.0)
Number of persons in the household: mean (SD) 2.3 (0.8) 2.4 (1.2)
Health-related quality of life: mean (SD)

PCS 42.6 (9.5) 43.8 (11.0)

MCS 47.4 (10.4) 46.0 (12.5)

SF-6D index 0.65 (0.12) 0.66 (0.15)

Sociodemographic and clinical characteristics are presented for the year when dementia was diagnosed; p-value: comparison of categorical char-
acteristics of individuals sharing a household with persons with dementia being the primarily informal caregiver and other persons in the house-
hold were analyzed using Pearson's y test; comparison of mean age, number of diseases, number of persons in the household and health-related

quality of life was analyzed using Student's r-test

PCS Physical Component Summary, MCS Mental Component Summary, SF-6D Short-Form 6-Dimensions, ref. reference group

#p <0.007, **p<0.001

findings from the literature, HrQoL of primary informal
caregivers was found to be related to demographic fac-
tors, caregiver—patient relationship, dementia charac-
teristics (duration of dementia, age of onset, functional
impairment, comorbidities), caregiver demands, caregiver
health, caregiver emotional well-being, support received,
caregiver independence, caregiver self-efficacy, and con-
cerns about the future [10]. Similar to persons who act as
the primary informal caregiver to the PWD, the results of
the current study determined that the health of those shar-
ing a household with PWD was related to their HrQoL.

@ Springer

However, other factors described in the literature, that
may also be relevant to the HrQOL of other household
members, were not surveyed in the SOEP. As relationships
between household members are very different and the
social structures in individual households vary, the way in
which factors influence the HrQoL those living with PWD
is not currently well understood. The association between
these factors and HrQoL appears to be multifactorial, in
that several factors may influence each other.
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Table 3 Comparison of health-related quality of life of those sharing a household with persons with dementia compared with persons not living

with persons with dementia using mixed-effects models

Sociodemographic characteristics PCS MCS SF-6D index
Coefficient ~ Lower CI Upper CI Coefficient  Lower CI Upper CI Coefficient Lower CI Upper CI
Intercept —313.27%**% —-341.42 -285.12 —-274.67*%** —312.81 -236.54 -—8.12%** —8.60 —7.64
Individuals sharing a household —1.24% -2.21 -0.28 —2.56%%* —-4.79 -233 —-0.06%¥*¥* —0.07 —0.05
with PWD (ref. persons not
living with PWD)
Years since diagnosis 0.19%** 0.17 0.20 0.16%** 0.14 0.18  0.00%*** 0.00 0.00
Age —0.23%** -0.24 -0.23 0.097%%* 0.08 0.09  0.00%** 0.00 0.00
Female gender (ref. male gender) —0.93%** —1.05 -0.82 — 1.91%%* —2.06 —-1.76 —0.03**% —0.03 —0.03
Marital status (ref. married)
Single —0.33%** -0.49 -0.17 -0.28 -0.51 —-0.05 -0.01¥*% —0.01 —0.01
Widowed —0.35% -0.64 -0.07 — 1.66%** —1.98 —134 —-0.03*%* —0.03 -0.02
Divorced —0.27%* -0.46 —-0.09 — 1.77%%* -2.04 —149 —0.02%*%* —0.02 —0.01
Separated 0.77%#%* 0.47 1.06 —3.61%** —4.00 —-323 —-0.03*¥** —-0.04 -0.02
Educational level (ref. no gradu-
ation)
Certificate after grade 9 0.11 -0.13 0.35 0.42%%* 0.12 0.72  0.01%** 0.01 0.01
Certificate after grade 10 1.86%%** 1.64 2.07 0.927#:#:* 0.63 1.20  0.03*** 0.02 0.03
Higher education entrance 3.00%** 2.70 3.30 0.93%#%* 0.51 1.35 0.04#%%* 0.03 0.04
qualification (grade 11)
Higher education entrance 3.88%**Ta 3.63 4.12 1.19%%* 0.89 1.49  0.05%** 0.04 0.05
qualification (grade 12/13)
Other 0.497%%* 0.26 0.73 0.46** 0.13 0.78  0.01%** 0.01 0.02
Number of persons in the house- —0.04%** —-0.06 —-0.02 —0.07%** —-0.09 —-0.04 0.00%*%* 0.00 0.00
hold
Number of diseases — 1.34%%% -1.37 -1.29 —0.60%** —0.65 —-0.55 —-0.02%*%%  —0.02 -0.02

CI 95% confidence interval, PCS Physical Component Summary, MCS Mental Component Summary, SF-6D Short-Form 6-Dimensions, PWD

person with dementia
*p<0.017, *#p <0.010, ***p <0.001

Future research

The extent to which factors related to the HrQoL of persons
acting as primary informal caregivers to PWD are linked
factors related to the HrQoL of other household members
should be investigated in future research. Such a relationship
is certainly conceivable due to cohabitation. The results of
the current study, for example, were unable to identify any
difference in the HrQoL of those sharing a household with
PWD, who also act as the primary informal caregiver, and
other household members. Unfortunately, the participants of
the SOEP were not asked about the activities they undertake
as part of informal care, so the relationship between informal
care and HrQoL could not investigated in further detail in
the current study. Therefore, further research is needed to
determine whether similar reasons as described in litera-
ture for primary informal caregivers would also be respon-
sible for the lower HrQoL among those sharing a household
with PWD. Secondary activities in informal care, structural
changes within the social network, different roles within

the household, childcare or financial changes may also be
associated with differences in the HrQoL among those who
share a household with PWD. Future research should there-
fore examine the reasons and mechanisms behind reduced
HrQoL, so that interventions to reduce the burden of care
for those living with PWD can be defined.

Strength and limitations

The SOEP included data on the social environment of PWD.
As other studies have only considered the HrQoL of the pri-
mary informal caregiver, the current study extends existing
knowledge by assessing HrQoL in the living environment,
without restricting household members to a specific sub-
group. This has been made possible by the representative
data of the SOEP for German households. PCS and MCS
scores of those not living PWD (51.0 and 49.8) in the current
study were similar to PCS and MCS scores (51.4. and 49.4)
of a representative German population sample [30]. The
assessment of HrQoL within the SOEP is therefore likely
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Table 4 Determinants of health-related quality of life of those sharing a household with persons with dementia

Sociodemographic characteristics PCS

MCS

SF-6D index

Coefficient Lower CI Upper CI Coefficient

Lower CI Upper CI Coefficient Lower CI Upper CI

Intercept 40.92%%*  30.90 50.93
Years since diagnosis 0.31 —0.06 0.68
Age —0.06 -0.17 0.05
Female gender (ref. male gender) 1.43 —-1.05 3.91
Marital status (ref. married)

Single 2.55 —1.81 6.89

Widowed -0.47 -3.68 2.74

Divorced 1.52 —4.45 7.50

Separated 1.10 —4.05 6.25
Educational level (ref. no gradua-

tion)

Certificate after grade 9 2.56 —4.65 9.78

Certificate after grade 10 3.08 —-1.85 8.02

Higher education entrance qualifi- 6.92%* 2.14 11.70

cation (grade 11)
Higher education entrance qualifi- 2.08 —7.43 11.60
cation (grade 12/13)

Other 0.68 -0.72 2.07
Number of diseases —-0.90*%*  —1.49 -0.30
Other household members (ref. per- 1.14 —-1.27 3.54

sons primarily providing informal

care)

Number of persons in the household 5.99%%* 1.51 10.46

56.00%%% 4526  66.93 0.71%+% 058 0.83
0.36 —-004 076 0.01% 0.0 0.01
~0.05 ~0.16 0.6 0.00 0.00 0.00
-2.12 484 059  -00l ~0.04 0.02
~3.65 -8.16 086  —00l ~0.06 0.04
—251 —625 123 —004 ~0.08 0.00
~0.62 684 561 0.00 ~0.07 0.07
—1146%+% —1730 —562  —0.09%* —0.15  —0.03
121 —411 654 0.02 -0.03 0.08
1.86 -389 7.6l 0.06 0.00 0.11
5.01 —440 1442 0.04 ~0.07 0.15
331 ~-186 849 0.07 0.01 0.12
1.12 ~575  8.00 0.02 ~0.06 0.10
—0.86*  —1.53 =019  —00I#* —002 0.00
~1.76 —443 091  -0.02 ~0.05 0.01
~1.19 271 033  -001 -0.03 0.00

Mixed-effects model with covariates of individuals sharing a household with persons with dementia

CI 95% confidence interval, PCS Physical Component Summary, MCS Mental Component Summary, SF-6D Short-Form 6-Dimensions

#p <0.017, **p <0.010, *%p <0.00

to be valid. Furthermore, the current study was based on
advanced statistical methods. Missing values were handled
by MICE to avoid a loss of statistical power. Additionally,
the skewness of HrQoL data was taken into account using a
bootstrapping approach with 1000 replicates.

Even though the SOEP was designed as household sur-
vey, the panel design may have led to some limitations.
First, dementia characteristics were not measured with a
clinical score. Rather, the severity of dementia was estimated
according to the duration of dementia. Therefore, regression
analysis was not adjusted for specific symptoms of demen-
tia, which may have influenced the results. Furthermore,
diagnosis of dementia was self-reported by the participants
of the SOEP, which may have led to incorrect identifica-
tion of PWD. Second, in the analyses comparing HrQoL
between those sharing a household with PWD and those
not living with PWD were taken into account by adjusting

@ Springer

for differences in socio-demographic characteristics in the
mixed-effect models. Other socio-demographic factors such
as persons’ role within the household, support or income
were not considered, although these factors may also be
related to HrQoL. Third, the sample sizes of those living
with PWD and in particular persons who act as primary
informal caregivers were small. Furthermore, data was not
representative for households with PWD, because PWD may
be less able to participate in such a survey, compared with
healthy individuals. In addition, minors were not included.
Thus, generalizability of the results may be limited. Lastly,
some of the results of this study can only be regarded as
preliminary and further research is needed. As the group
sizes of those sharing a household with PWD and also being
separated (n=5) or having graduated after 11 years at school
(n=15) were small, the statistical significance of these influ-
encing factors of HrQoL may not be generalizable.
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Table 5 Comparison of health-related quality of life individuals sharing a household with persons with dementia being the primarily informal
caregiver compared with persons not living with a person with dementia using mixed-effects models

Sociodemographic characteristics PCS MCS SF-6D index
Coefficient ~ Lower CI Upper CI Coefficient  Lower CI Upper CI Coefficient Lower CI Upper CI
Intercept —313.17*** —-340.26 —286.08 —275.08*** —313.06 —237.09 —6.33*** —6.82 -5.84
Individuals sharing a household 0.16 —-1.36 —1.69 —3.86%%* —-5.72 —-2.04 —-0.03*** —0.06 —0.01
with PWD being the primarily
informal caregiver (ref. persons
not living with a PWD)
Years since diagnosis 0.19%%* 0.17 0.20 0.16%%* 0.14 0.18 0.00%%%* 0.00 0.00
Age —(0.23%%* -0.24 -0.23 0.09%** 0.08 0.09  0.00%** 0.00 0.00
Female gender (ref. male gender) —0.94 %% —1.06 -0.82 —1.91%#%* —2.06 —-1.76 —-0.03*** —0.03 -0.03
Marital status (ref. married)
Single —0.33%** -0.48 -0.19 -0.28 -0.52 -0.05 -0.01*%** —0.01 —-0.01
Widowed —-0.36* -0.63 —-0.08 — 1.66%** -1.97 —1.34 —0.02%%* —0.02 -0.02
Divorced —0.27%* -0.45 —-0.08 — 1.76%** -2.03 —-1.50 —0.02%** —0.02 —-0.01
Separated 0.77%%* 0.49 1.05 —3.60%** -3.99 —-3.22 —0.03%** —0.04 -0.03
Educational level (ref. no gradu-
ation)
Certificate after grade 9 0.11 -0.13 0.35 0.42%* 0.12 0.71 0.01%* 0.00 0.01
Certificate after grade 10 1.86%%* 1.65 2.06 0.927%3%%* 0.63 1.20  0.02%** 0.02 0.03
Higher education entrance 3.00%%%* 271 3.29 0.937%3%* 0.51 1.35  0.03%%* 0.03 0.04
qualification (grade 11)
Higher education entrance 3.88#%* 3.64 4.11 1.19%%* 0.89 1.49  0.04%** 0.04 0.05
qualification (grade 12/13)
Other 0.49%#* 0.26 0.73 0.46%* 0.14 0.78  0.01%** 0.01 0.01
Number of persons in the house- —0.04%%%* —0.06 —-0.02 —0.07%** —-0.09 —0.04  0.00%** 0.00 0.00
hold
Number of diseases — 1.33%%* -1.37 -1.29 —0.60%** —0.65 -0.55 —0.02%** —0.02 -0.02

CI 95% confidence interval, PCS Physical Component Summary, MCS Mental Component Summary, SF-6D Short-Form 6-Dimensions, PWD

person with dementia
*p<0.017, ##p <0.010, ***p <0.001

Conclusions

The HrQoL of those sharing a household with PWD was
reduced compared with persons not living with PWD. In
particular, those living with PWD in small households, and
multi-morbid individuals sharing a household with PWD,
had a lower HrQoL. No difference in HrQoL was observed

between those sharing a household with PWD, who act as
the primary caregiver, and other persons in the household.
Further research focusing on the HrQoL in the social envi-
ronment of PWD is needed. In particular, the association
between the HrQoL of persons who act as the primary car-
egiver and other persons sharing a household with PWD
should be investigated.
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Table 6 Comparison of health-related quality of life of individuals sharing a household with persons with dementia not being the primarily
informal caregiver compared with persons not living with a person with dementia using mixed-effects models

Sociodemographic characteristics PCS MCS SF-6D index
Coefficient ~ Lower CI Upper CI Coefficient = Lower CI Upper CI Coefficient Lower CI Upper CI
Intercept —314.06%**% —-34297 —285.16 —274.69*** —312.88 —236.50 —8.13*** —8.60 -17.67
Individuals sharing a household —1.85% —-2.94 —-0.76 —2.81%%* —4.23 —-1.38 —-0.06*** —0.07 -0.05
with PWD not being the pri-
marily informal caregiver (ref.
persons not living with a PWD)
Years since diagnosis 0.19%#%* 0.17 0.20 0.16%*%* 0.14 0.18 0.00%** 0.00 0.00
Age —0.23%%** -0.24 -0.23 0.09%#* 0.08 0.09  0.00%** 0.00 0.00
Female gender (ref. male gender) —0.93%%* —-1.04 —-0.82 —1.92%%* -2.07 —-1.77 -0.03*** —-0.03 -0.03
Marital status (ref. married)
Single —0.32%#** -0.46 -0.18 -0.28 -0.52 -0.05 -0.01*%** —0.01 —-0.01
Widowed —0.36* —-0.64 —-0.08 — 1.65%%** -1.97 —1.33 -0.03*** —0.03 -0.02
Divorced —0.27%* —0.45 0.09 — 1.76%** -2.04 —1.49 -0.02%** —0.02 —-0.01
Separated 0.77%%* 0.48 1.06 —3.60%** -3.98 —-322 -0.03%** —0.04 -0.02
Educational level (ref. no gradu-
ation)
Certificate after grade 9 0.12 —0.11 0.36 0.42%%* 0.13 072 0.01%** 0.01 0.01
Certificate after grade 10 1.86%** 1.65 2.07 0.927%3%* 0.63 1.20  0.03%** 0.02 0.03
Higher education entrance 3.00%** 2.71 3.27 0.937%3%* 0.51 1.35  0.04%** 0.03 0.04
qualification (grade 11)
Higher education entrance 3.88%#** 3.65 4.10 1.19%** 0.89 1.49  0.05%%* 0.04 0.05
qualification (grade 12/13)
Other 0.50%* 0.28 0.73 0.46%* 0.13 0.78  0.01%#* 0.01 0.02
Number of persons in the house- —0.04%** —0.06 -0.02 —0.07%** —0.09 —0.04  0.00%** 0.00 0.00
hold
Number of diseases —1.33%%* -1.37 -1.29 —0.60%** —0.65 -0.55 —0.02%** —0.02 -0.02

CI 95% confidence interval, PCS Physical Component Summary, MCS Mental Component Summary, SF-6D Short-Form 6-Dimensions, PWD

person with dementia
*p<0.017, #*p <0.010, ***p <0.001
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