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Abstract.
Background: Alzheimer’s disease (AD) is a significant burden on patients and caregivers. How this burden increases as
disease progresses has not been well researched.
Objective: To assess the association of caregiver burden and quality of life with Alzheimer’s disease severity and disease
progression in community-dwelling patients in Germany, Spain, and the UK.
Methods: This was a prospective observational longitudinal study of mild-to-moderate AD patients (assessed by Mini-Mental
State Examination, MMSE), and their caregivers. The humanistic burden was assessed using these instruments: [Rapid
Assessment of Physical Activity (RAPA), EuroQoL-5-Dimension Level (EQ-5D-5L)] and caregiver-reported [Dependence
Scale (DS), EQ-5D-5L, Zarit Burden Interview (ZBI)]. Caregiver-reported healthcare resource use was assessed using the
Resource Use in Dementia (RUD) and ad-hoc questions.
Results: Of 616 patients recruited, 338 and 99 were followed-up at 12 and 18 months, respectively. The caregiver-reported
EQ-5D-5L scores of patients’ health-related quality of life (HRQoL) showed a negative trend over time (baseline: 0.76; 18
months: 0.67) while patient-reported HRQoL remained at 0.85. DS scores tended to worsen. Disease progression was an
independent predictor of HRQoL and increased dependence.

Mean ZBI score increased over time reflecting an increase in caregiver burden; MMSE being an independent predictor for
caregiver burden. Patient resource utilization and caregiver time for caregiving tended to increase over time.
Conclusion: We found significant association between disease progression and caregiver and patient burden. Independently,
both disease-specific outcomes and disease burden measures increased over time, but as disease progresses, we also found
incremental burden associated with it.
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INTRODUCTION

Dementia is characterized by memory loss and
cognitive impairment; it covers a wide range of spe-
cific neurologic conditions including Alzheimer’s
disease (AD), the most frequent type of dementia.
The etiology of AD is not yet well understood [1].

Approximately 60-70% of incident cases of
dementia are related to AD [2, 3]. It has been esti-
mated that 0.40% of the world population (approxi-
mately 26.6 million people) was suffering from AD
in 2006, and that the prevalence rate would triple and
the absolute number would quadruple by 2050 [4].
The worldwide prevalence of AD and other demen-
tias results in a high burden to society [5], which
increases in direct proportion to the number of older
people (aged 65 years or older) in the population
[6, 71.

The global cost of the AD was estimated in 2018 to
be about a trillion US dollars per year and the yearly
cost of AD, including the caregiver cost, is fore-
casted to double by 2030 [8]. An increasing number
of patients with AD require transition—from living at
home to long term care facilities, where the help of a
formal/professional caregiver is needed, would also
have an impact on the global cost. Gustavsson and
colleagues in 2011, in a multinational study including
over 1,000 AD patients, estimated the societal costs
to be about €14,500 per year per patient in patients
living at home and enjoying a high level of autonomy,
rising to €72,500 per year for patients who needed
nursing home care [9].

In Europe, many cohort studies have collected
valuable information on the progression of AD, care-
giver burden, and associated comorbidity but few
studies have provided longitudinal information on
costs, institutionalization, and health-related qual-
ity of life (HRQoL) associated with AD [10, 11].
The GERAS Study found significant differences in
societal costs per patient by AD severity, and also
among the countries explored [11]. Long-term infor-
mation on country-specific costs of care are needed
because care arrangements and resource use patterns
change over time and are dependent on the culture,
and the health and social care systems in each country
[10, 12].

This observational study, conducted in AD patients
from three European countries (Germany, Spain, and
the UK), aimed to assess the progression of patient
dependence on assistance over time, and changes
in resource utilization with caregiver time spent
for informal care. The study also sought to assess

changes in patient HRQoL, caregiver HRQoL, and
caregiver burden over time.

MATERIALS AND METHODS
Study design

A prospective cohort study of community-dwell-
ing patients (aged > 50 years) with an established
clinical diagnosis of mild to moderate AD, who
attended to specialized care, and conducted in Ger-
many (21 sites), Spain (25 sites), and the UK (23
sites). Institutional review boards (IRBs) approved
the research protocol and written informed con-
sent was collected from each patient/caregiver dyad.
Participants were enrolled along with their primary
caregivers (defined as spending at least 7 hours a
week caring for the patient) by neurologists, psy-
chiatrists, and other specialists who were regularly
managing AD patients. Incident and prevalent AD
patients were included in the study between Octo-
ber 2016 and December 2017. Patients included in
the study were treated as per their physician routine
clinical practice, the study did not interfere in their
clinical management. Study inclusion required that
a reliable informant/caregiver agreed to attend study
visits with the patient and complete some question-
naires. Additionally, to be eligible, patients had to be
fluent and literate in the main language of the country
of residence. Patients with mild cognitive impair-
ment (MCI), non-AD dementia, without a regular
caregiver, or who were institutionalized at the time
of study initiation were excluded from participation.
Patients were followed for a period of between 6 and
24 months after the enrolment of the first patient in
their country. The follow-up period in each country
was finalized once the first patient included in that
country had reached 24 months of follow-up. The
patient flow has been published elsewhere [13].

Study participants

The diagnosis of AD was made according to phy-
sicians’ routine clinical practice and classification
of AD severity was made according to the National
Institute for Health and Clinical Excellence (NICE)
clinical guideline’s classification [14] based on the
Mini-Mental State Examination (MMSE) score (cat-
egorized as mild AD: 21-26 points; moderate AD:
10-20 points) [15, 16]. The Standardized MMSE
incorporated explicit guidelines and instructions for
administration and scoring of each item which
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Table 1
Main variables and associated domain along with the source of information

Mode of completion Investigator ~ Patient Caregiver Domain

Demographics Interview — Medical Chart X X X

MMSE Interview X X Cognitive status

ADAS-Cog Interview X X Cognitive status

DS Self-completed X Dependence

RAPA Self-completed X Physical activity

EQ-5D-5L Self-completed and Caregiver as a proxy X X Patient Quality of life

EQ-5D-5L Self-completed X Caregiver Quality of life

ZBI Self-completed X Caregiver subjective burden

RUD Self-completed X Caregiver time on assisting the patient

Hospitalizations Medical Chart

Resource utilization

MMSE, Mini-Mental State Examination; ADAS-Cog, Alzheimer’s Disease Assessment Scale—-Cognitive subscale; DS, Dependence Scale;
RAPA, Rapid Assessment of Physical Activity; EQ-5D-5L, EuroQoL-5 Dimension- Level; ZBI, Zarit Burden Interview, RUD, Resource

Utilization in Dementia.

improved reliability by reducing test-retest variance
and inter-observer variance [17, 18].

The primary informal caregiver in the study was
defined as a non-professional person (spouse, family
member, or other) mostly responsible for providing
care and support to the patient during seven hours or
more per week.

Data collection

Data was collected from three sources: reported
by the patient, reported by the primary caregiver, and
from patient medical chart (Table 1).

Baseline data collection encompassed socio-
demographic information (for both patients and
caregivers), including age at inclusion, gender, com-
position of the patient’s household and smoking
habits. AD severity and duration was also collected.
In addition to the MMSE score, the AD Assessment
Scale-Cognitive subscale (ADAS-Cog) was used to
measure cognitive impairment. The relationship of
the caregiver with the patient, whether the caregiver
lived with the patient and the caregiver’s employment
status were also recorded.

All the participant healthcare professionals
received standardized training in assessing clinical
measures such as MMSE and ADAS-COG prior to
participation in the study.

Healthcare resource use and patient reported
outcomes

Data on patient’s dependence, resource utiliza-
tion, patient and caregiver HRQoL, patient levels
of physical activity, and perceived caregiver burden
were collected at baseline and at approximately six-
monthly intervals up for a maximum of two years
after the first patient was enrolled in each country.

An assessment of patient dependence on assistance
was performed using the Dependence Scale (DS),
which was completed by the caregiver [14]. The total
DS score is the sum of all 13 items, rated from O
to 15, where higher scores indicate greater patient
dependence (i.e., loss of independence).

The Rapid Assessment of Physical Activity (RA
PA) questionnaire was self-completed by patients and
was used to assess their level of physical activity [15].
The RAPA consists of items that determine whether
the patient engages in light (e.g., leisurely walk-
ing, gardening, house cleaning, stretching), moderate
(e.g., brisk walking or swimming), or vigorous phys-
ical activities (sports), as well as the frequency and
time per week spent on each of these activities in a
typical week. On a scale of 1-7, a score of 5 or below
signifies sub-optimal physical activity and that of 6
or above signifies optimal physical activity.

The EuroQoL-5 Dimension-Level (EQ-5D-5L)
and visual analogue scale (VAS) were completed
by both patients and their caregivers to assess their
own HRQoL [16]. The EQ-5D-5L provides a simple
descriptive profile and the weighted index a single
value for patients’ health status (where higher val-
ues correspond to better HRQoL); each dimension
(mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression) has five levels of response.
The VAS records the respondent’s self-rated health
on a vertical VAS where the endpoints are labelled
‘Best imaginable health state’ and “Worst imagin-
able health state’. In addition to rating their own
HRQoL, caregivers also gave a proxy rating of pa-
tient’s HRQoL.

The Zarit Burden Interview (ZBI) was self-com-
pleted by the caregivers and was used to assess their
self-perceived burden [17]. It is a self-administered
22-item scale that examines the burden associated
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with functional/behavioral impairments and the home
care situation. This scale ranges from O (never) to
4 (nearly always), with the sum of scores ranging
between 0—-88; higher scores indicate greater burden.

Finally, patient healthcare resource utilization was
assessed at each study visit, collecting the number
of visits in terms of primary care physician vis-
its, medical specialist visits, other specialist visit;
emergency room visits and hospitalizations during
the full follow-up period in an ad-hoc set of ques-
tions. Additionally, the caregivers also completed
the Resource Utilization in Dementia (RUD) which
was administered through an interview and provided
information on formal and informal care require-
ments as well as the caregiver’s productivity loss
[19-21].

Statistical analysis

Continuous variables are reported as means and
standard deviations (SD) or as medians and 25th
and 75th percentiles, as appropriate. Categorical vari-
ables are reported as percentages. For each study
visit, bivariate analysis was performed to com-
pare characteristics of the two cohorts of patients
with mild AD (21-26 MMSE points) and moderate
AD (10-20 MMSE points). Bivariate comparisons
involved using the ¢ test for normally distributed vari-
ables, the Wilcoxon test for continuous parameters
that were not normally distributed, or the X2 test for
categorical variables.

Change from baseline across the AD severity
groups was assessed for the EQ-5D-5L weighted
index, the VAS score, DS, RAPA, and the ZBI total
score by using the Wilcoxon test. The healthcare
resource utilization variables were compared across
AD severity.

Multivariable regression including mixed models
were developed to explore the relationship between
changes in the outcomes including patients’ HRQoL
(patients’ EQ-5D index score assessed by caregivers),
patients’ dependence (DS) and burden of caregiver
(ZBI) during the first year of follow-up and sev-
eral independent variables. The difference between
baseline and 12-month outcomes was considered as
the dependent variable in multivariable regression.
This involved use of longitudinal data during the
first year of data collection. Data after 12-month of
follow-up were used for descriptive analysis but not
included in the models due to low number of patients.
The models adjusted for some time-invariant vari-
ables (e.g., age, gender, country, etc.) and clinical

variables to examine the relationship between clinical
variables and health outcomes. Even though first dif-
ferences would eliminate the effects of time-invariant
covariates, we kept some of the variables in the
regression to take into account interaction between
those covariates and time. The clinical variables
included changes between baseline and the 12-month
visit in MMSE score and ADAS-COG score, age (by
terciles), gender, country, education level, (former)
occupation, main (former) working status, height,
relationship with caregivers and AD severity (mild
versus moderate). A 12-month timeframe was used
to ensure that sufficient patients were included in
the follow-up analysis. Only those variables with
p-value <0.20 remained in the adjusted multivari-
ate regression models. Akaike information criterion
(AIC) was used to select the most appropriate
models.

All analyses implemented were conducted by
using SAS statistics software (SAS Institute Inc.,
Cary, NC), SAS enterprise guide, version 9.4. Sta-
tistical significance was set at p <0.05.

RESULTS

In total, 69 centers (21 from Germany, 25 from
Spain, and 23 from the UK) enrolled patients. Over-
all, 616 patient and caregiver dyads were enrolled at
baseline; 144 from Germany, 227 from Spain, and
245 from the UK. Study follow-up in each country
was stopped when the first patient in the correspond-
ing country completed the 24 months of follow-up
according to the study protocol.

Five hundred out of 616 patients (81.2%)
completed 6-month follow-up visit, 338 (54.9%)
completed the 12-month follow-up, 99 (16.1%) com-
pleted the 18-month follow-up, and 14 patients
completed the 24-month follow-up visit; the latest
were not considered for further analysis. Overall,
the discontinuation rate reported in the study was
21% which occurred at different time points. The
most common reasons for discontinuation were with-
drawal of patient/legal representative consent (25%),
loss to follow-up (18%), permanent institutionaliza-
tion (17%), and death (16%).

Baseline characteristics of patients and
caregivers

The demographic characteristics of included AD
patients and their caregivers are listed in Tables 2 and
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Table 2
Baseline characteristics of patients in the study
Moderate [10-20] ~ Mild [21-26]  Overall Population P
(N=362) (N=254) (N=616)
Age (y) Mean (SD) 77.43 (7.26) 77.47 (6.71) 77.45 (7.03) 0.8052
Gender Female 210 (58.01%) 119 (46.85%) 329 (53.41%) 0.0063
Disease duration: Time since first Median [Q1, Q3] 2.451[0.97,4.65] 1.89[0.89,3.56] 2.19[0.93,4.13] <0.0001*
cognitive symptoms (y)
MMSE Mean (SD) 16.65 (2.83) 23.33 (1.68) 19.40 (4.09) <0.0001*
ADAS-Cog Mean (SD) 33.82 (8.37) 24.65 (6.47) 30.04 (8.87) <0.0001*
Main Working status Full-time 33 (9.12%) 29 (11.42%) 62 (10.06%) 0.5664
Part-time 7 (0.93%) 8 (3.15%) 15 (2.44%)
Not employed/Retired 316 (87.29%) 214 (84.25%) 530 (86.04%)
Declined to answer 3(0.83%) 3(1.18%) 6(0.97%)
Other persons living with the patient  None, patient lives alone 44 (12.15%) 41 (16.14%) 85 (13.80%) 0.1578
(including caregiver if relevant)*
Spouse or partner 270 (74.59%) 194 (76.38%) 464 (75.32%) 0.6115
Other adults 53 (14.64%) 26 (10.24%) 79 (12.82%) 0.1075
Children < 18 years of age 7 (1.93%) 3(1.18%) 10 (1.62%) 0.4669
Smoking Status Current smoker 7 (1.93%) 10 (3.94%) 17 (2.76%) 0.2709
Ex-smoker 109 (30.11%) 79 (31.10%) 188 (30.52%)
Non-smoker 236 (65.19%) 155 (61.02%) 391 (63.47%)
*p <0.05 was considered significant. Values may not add up to the total study population considering values for missing data.
Table 3
Baseline characteristics of caregivers in the study
Moderate [10-20] Mild [21-26] Overall Population P
(n=362) (n=254) (n=616)
Age (y) Mean (SD) 67.32 (12.97) 68.18 (12.91) 67.68 (12.94) 0.3942
Gender Female 211 (58.29%) 163 (64.17%) 374 (60.71%) 0.1409
Current work status Working full-time 55 (15.19%) 30 (11.81%) 85 (13.80%) 0.3375
Working part-time 31 (8.56%) 26 (10.24%) 57 (9.25%)
Working part-time due to caregiver 8 (2.21%) 9 (3.54%) 17 (2.76%)
responsibilities
Retired 209 (57.73%) 163 (64.17%) 372 (60.39%)
Full-time student 1 (0.28%) 0 (0.00%) 1(0.16%)
Part-time student due to caregiver 0 (0.00%) 1 (0.39%) 1 (0.16%)
responsibilities
Not working for pay or attending 14 (3.87%) 5(1.97%) 19 (3.08%)
school due to caregiver
responsibilities
Not working for pay or attending 28 (7.73%) 14 (5.51%) 42 (6.82%)
school due to other reasons
Declined to answer 12 (3.31%) 6 (2.36%) 18 (2.92%)
Does the caregiver live with Yes 291 (80.39%) 203 (79.92%) 494 (80.19%) 0.9864
the patient? Part-time 3 (0.83%) 2 (0.79%) 5(0.81%)
Nature of relationship with Spouse/partner 247 (68.23%) 182 (71.65%) 429 (69.64%) 0.0489*
patient Adult child 94 (25.97%) 51 (20.08%) 145 (23.54%)
Adult grandchild 2 (0.55%) 2 (0.79%) 4 (0.65%)
Sibling 9 (2.49%) 6 (2.36%) 15 (2.44%)
Distant relative 0 (0.00%) 2 (0.79%) 2 (0.32%)
Close friend 0 (0.00%) 5(1.97%) 5(0.81%)
Other 10 (2.76%) 6 (2.36%) 16 (2.60%)

*p<0.05 was considered significant. Values may not add up to the total considering missing data.

3 respectively. Overall, the mean patient age (SD) was
77.5 (7.0) years and around half (53.4%) of the popu-
lation was female. Of the 616 patients recruited, 362
(58.8%) had mild AD and 254 (41.2%) had mod-
erate AD. The majority of the population was not

employed or was retired (86.0%) and lived with their
spouse/partner (75.3%). 50.2% had completed sec-
ondary or technical education (7-13 years duration)
with the highest percentage (57.5%) among mild AD
patients (Table 2). There was a significantly different
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Table 4
Change versus baseline in DS scores during the follow-up period
Time Points Moderate AD Mild AD Overall p
[10-20] [21-26] population

DS scores and change over time

Baseline N 351 244 595 <0.0001*
Mean (SD) 6.68 (2.68) 5.23 (2.70) 6.09 (2.78)

6 months (& 3 months) N 272 194 466 0.1736
Mean change (SD) 0.76 (2.09) 0.95 (2.38) 0.84 (2.22)

12 months (&£ 3 months) N 179 133 312 0.7629
Mean change (SD) 1.03 (2.45) 0.85 (2.69) 0.95 (2.55)

18 months (& 3 months) N 40 48 88 0.4506
Mean change (SD) 1.27 (3.03) 1.61 (2.38) 1.45 (2.68)

SD, standard deviation; DS, dependence scale. *p < 0.05 was considered significant. DS, Higher values mean more dependence. Values may

not add up to the total considering values for missing data.

Multivariable regression model using changes in DS during the first year of follow-up

Parameter Class Estimate Standard Error P
Intercept 0.0727 0.2482 0.7699
Gender (Reference group: Male) Female 0.3609 0.2795 0.1976
Changes in ADAS-COG 0.0898 0.0181 <0.0001*

Number of observations used: 312. *p <0.05 was considered significant.

distribution by gender, when analyzed by disease
severity 58.0% of moderate AD patients were female,
while 46.9% of mild AD patients were female. As
expected, patients with moderate AD had a significa-
tively higher ADAS-Cog and lower MMSE scores
and also a longer disease duration compared to the
mild AD group (Table 2).

Across the three countries, patients did not differ in
age, had a similar employment status (74-88% were
not employed/retired) and living situation (70-80%
lived with their spouse/partner), the gender ratio was
similar in Spain and Germany, however in the UK
more males were recruited (56.3% versus 43.7%).
Similarly, the patients’ cognitive impairment did not
differ across countries, with MMSE mean scores
ranging from 3.80 to 4.20 points and mean ADAS-
Cog score from 28.0 to 32.6 points.

The mean age (SD) of caregivers enrolled in the
study was 67.7 (12.9) years. The proportion of female
caregivers was similar in the moderate AD group
(58.3%) and in the mild AD group (64.7%); the main
caregiver was the patients’ spouse or partner in the
majority (69.6%) of cases. Most caregivers lived with
the patient (80.2%) and were retired (60.4%), and 345
(56.0%) were diagnosed with at least one chronic dis-
ease themselves (Table 3). The caregivers form the
three countries had similar characteristics in terms
of age, gender distribution, and relationship with the
patient, mostly living with the patient and were retired
themselves.

Patient’s dependence upon assistance

Along the follow-up, the mean change in DS
scores increased at each 6-month follow-up and was
reported to be highest at month 18. No statistically
significant differences were found when compared
changes at each follow-up point versus baseline
between the mild and moderate AD groups (Table 4).
However, at baseline visit there were statistically sig-
nificant differences in DS scores between mild and
moderate AD patients. Baseline significant differ-
ences were maintained when the baseline DS scores
were analyzed by AD severity among the subset of
patients retained at 6, 12, and 18 months (p <0.0001
respectively; data not presented).

Scores of the DS across countries were similar at
baseline and during the study follow-up.

For the cohort of patients with 12 months follow-
up, the multivariable regression results predicted
change in DS as a function of change in ADAS-Cog
as a significant predictor, suggesting disease progres-
sion leading to higher levels of dependence. Neither
change in MMSE nor the other baseline variables
in the model appeared significant in the regression
model to predict DS (Table 5).

Assessment of physical activity

Overall, RAPA scores reduced over time for
both categories (aerobic and strength and flexibil-
ity; Table 6). The RAPA aerobic index score resulted
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Table 6
Change versus baseline in RAPA scores during the follow-up period
Time Points Moderate AD Mild AD Overall p
[10-20] [21-26] Population
RAPA scores and change
Baseline Total Score - RAPA Aerobic (N) 341 234 575 0.0094*
Mean (SD) 3.38 (1.56) 3.73 (1.57) 3.52 (1.57)
Total Score - RAPA Strength & Flexibility (N) 327 219 546 0.4040
Mean (SD) 0.31(0.77) 0.36 (0.80) 0.33 (0.78)
6 months (£ 3 months) Total Score - RAPA Aerobic (N) 252 188 440 0.0278*
Mean change (SD) -0.10 (1.45) -0.14 (1.60)  -0.12(1.52)
Total Score - RAPA Strength & Flexibility (N) 237 172 409 0.4333
Mean change (SD) —0.08 (0.78) 0.11 (0.99) 0.00 (0.88)
12 months (& 3 months) Total Score - RAPA Aerobic (N) 159 125 284 0.0931
Mean change (SD) -0.24 (1.49) -0.46 (1.56)  -0.33 (1.52)
Total Score - RAPA Strength & Flexibility (N) 134 105 239 0.9085
Mean change (SD) -0.04 (0.82) -0.09 (0.83)  -0.06 (0.83)
18 months (4 3 months) Total Score - RAPA Aerobic (N) 39 43 82 0.0969
Mean change (SD) -0.67 (1.94) -0.79 (1.86)  —0.73 (1.89)
Total Score - RAPA Strength & Flexibility (N) 33 36 69 0.9643
Mean change (SD) 0.03 (1.07) -0.06 (0.86)  —0.01 (0.96)

SD, standard deviation; RAPA, Rapid Assessment of Physical Activity. *p <0.05 was considered significant. RAPA, Higher values more
optimal physical activity intensity levels. Values may not add up to the total considering values for missing data.

significantly higher in mild AD patients at base-
line than in moderate patients (p <0.01). The change
in mean RAPA score across the mild and moder-
ate groups also showed a decline at the subsequent
6 months follow-up visit, resulting statistically sig-
nificant at the 6-month follow-up for the aerobic
index. The decline in aerobic index continued to be
observed at visits after the 6 months visit, with the
lowest score at 18-month, but there were no statis-
tically significant differences in RAPA changes by
severity after 6 months. Similarly, no significant dif-
ferences were found in the other domains across all
time points (Table 6). Baseline RAPA scores, overall
and both categories, were analyzed among the subset
of patients retained at 6, 12, and 18 months, without
differences on the data presented herein.

Health-related quality of life

Patients’ self-reported HRQoL versus
Caregiver-reported patient’s HRQoL through
EQ-5D-5L

The patient self-reported EQ-5D-5L index score
at baseline was a mean (SD) of 0.85 (0.18) and was
maintained in subsequent follow-up visits without
significant change (Table 7).

The patient self-reported index score of EQ-
5D-5L was compared with the proxy index score,
reported by their caregivers, over the follow-up vis-
its. No significant differences were found for any
of the measurements although the caregiver reported

was consistently lower than the patient self-reported
HRQoL at each follow-up time point. Moreover, the
negative trend over time reported by the caregivers
regarding the HRQoL of their corresponding patients
is noteworthy.

Patient self-reported EQ-5D-5L index scores and
the caregiver-reported scores were analyzed by AD
severity over time. No significant differences were
found in the comparisons of patients self-reported
EQ-5D-5L by AD severity. On the contrary, signifi-
cant differences were found on the caregiver-reported
EQ-5D-5L index between mild and moderate AD at
baseline and 18 months of follow-up. The negative
trend over the follow-up period reported by the care-
givers was seen for both, mild and moderate patients.

Overall, for the self-reported EQ-5D-5L dimen-
sions, a large proportion of patients reported not
perceiving as problematic performing several activ-
ities: namely walking (374 [60.7%]), washing or
dressing themselves (478 [77.6%]), or performing
their usual activities (367 [59.6%]). Furthermore,
most patients did not feel anxious or depressed (341
[55.4%]) at baseline. Just under half of the patients
also reported no pain or discomfort (296 [48.1%]),
and under a third of patients reported slight pain or
discomfort (165 [26.8%]). A small decrease was seen
in several subjective measures at month 6, 12, and 18
months in the EQ-5D-5L dimensions compared to
baseline. Caregivers perceived higher levels of prob-
lematic performance of some routine activities (384
[70.62%]) and with mobility (296 [56.01%]).
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Table 7
Change in patients’ EQ-5D-5L index and VAS scores reported by patients and caregivers during the follow-up period
Time Points Moderate AD Mild AD Overall )4
[10-20] [21-26] Population

Self-reported EQ-5D-5L index scores of patients and change over time

Baseline N 337 235 572 0.7724
Mean (SD) 0.85 (0.18) 0.85(0.17) 0.85 (0.18)

6 months (&£ 3 months) N 248 188 436 0.9550
Mean change (SD) 0.00 (0.13) 0.00 (0.13) 0.00 (0.13)

12 months (£ 3 months) N 159 125 284 0.5120
Mean change (SD) 0.01 (0.14) -0.01 (0.17) 0.00 (0.16)

18 months (& 3 months) N 37 44 81 0.7935
Mean change (SD) —-0.00 (0.22) 0.01 (0.13) 0.00 (0.18)

Self-reported EQ-5D-5L VAS scores of patients and change over time

Baseline N 346 239 585 0.7352
Mean (SD) 72.45 (18.73) 73.05 (17.85) 72.69 (18.36)

6 months (& 3 months) N 263 196 459 0.0990
Mean change (SD) 0.36 (20.01) -3.01 (19.62) —1.08 (19.89)

12 months (£ 3 months) N 161 131 292 0.3597
Mean change (SD) 0.65 (21.47) -1.72 (19.73) -0.41 (20.70)

18 months (&£ 3 months) N 35 44 79 0.5195
Mean change (SD) —6.66 (22.83) -2.39 (17.36) —4.28 (19.95)

Patients’ EQ-5D-5L index scores reported by caregivers and change over time

Baseline N 316 228 544 0.0112
Mean (SD) 0.74 (0.22) 0.78 (0.20) 0.76 (0.21)

6 months (4 3 months) N 228 174 402 0.1953
Mean change (SD) —-0.04 (0.19) -0.02 (0.16) —-0.03 (0.18)

12 months (&£ 3 months) N 145 117 262 0.7060
Mean change (SD) —0.06 (0.20) —0.05 (0.19) —-0.06 (0.19)

18 months (£ 3 months) N 34 45 79 0.0199
Mean change (SD) -0.13 (0.21) -0.05 (0.17) -0.09 (0.19)

Patients’ EQ-5D-5L VAS scores reported by caregivers and change over time

Baseline N 331 234 565 0.1076
Mean (SD) 62.46 (20.56) 65.65 (19.21) 63.78 (20.06)

6 months (& 3 months) N 246 185 431 0.5930
Mean change (SD) -1.43 (21.79) —2.84 (17.90) —2.04 (20.20)

12 months (&£ 3 months) N 159 124 283 0.4088
Mean change (SD) -2.18 (19.82) -5.60 (21.08) -3.68 (20.41)

18 months (& 3 months) N 35 45 80 0.6790
Mean change (SD) -6.09 (21.44) —7.09 (18.59) —6.65 (19.76)

SD, standard deviation; EQ-5D-5L, EuroQoL-5 Dimension- Level; VAS, visual analogue scale. EQ-5D-5L, Higher values more optimal
quality of life. Values may not add up to the total considering values for missing data.

For the cohort of patients with 12 months follow-
up, the multivariable regression results predicted
change in caregiver-reported patient HRQoL as a
function of change in ADAS-Cog as a significant
predictor, suggesting disease progression leading to
worse HRQoL (Table 8). Interestingly, the multivari-
able regression model also revealed the degree of
relation with the caregiver as an independent pre-
dictor for EQ-5D-5L index score (patient HRQoL
according to caregiver), distant relative caregivers
reported a higher deterioration of HRQoL over the
12 months period (Table 8).

Finally, the patient self-reported EQ-5D-5L VAS
score was also compared with the caregiver-
reported patient EQ-5D-5L VAS score. No significant

differences were found in this analysis. It is noted
that the EQ-5D-5L VAS score decreased over the
follow-up period for both self and caregiver-reported
patient’s EQ-5D-5L VAS. Similarly, across the mild
and moderate groups, the mean VAS score was high-
est at baseline, and the change in the mean VAS score
demonstrated a statistically insignificant decrease
over time.

The self-reported index scores and VAS scores
across countries were similar and the scores were
maintained over the follow-up. The caregiver-repor-
ted index scores and VAS at baseline were also simi-
lar in the three countries and showed a similar decline
pattern over time.
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Table 8
Multivariable regression model analysis of patients’ EQ-5D-5L index score reported by caregivers over time by AD severity
Parameter Class Estimate Standard Error P
Intercept -0.0334 0.0314 0.2895
Age (Reference group: Age > 82 73-82 0.0488 0.0285 0.0887
<73 0.0022 0.0351 0.9496
Relation with caregiver (Reference group: Adult child) Adult grandchild 0.1687 0.1852 0.3631
Close friend —-0.0324 0.0946 0.7324
Distant relative —0.4434 0.1845 0.0170*
Other -0.1268 0.0859 0.1412
Sibling -0.0167 0.0739 0.8211
Spouse/partner -0.0102 0.0290 0.7259
Hypertension (Reference group: No) Yes 0.0418 0.0237 0.0796
Changes in ADAS-Cog —0.0068 0.0015 <0.0001*
Number of observations used: 262. *p <0.05 was considered significant.
Table 9
Change versus baseline in caregivers’ EQ-5D-5L index and VAS scores during the follow-up period
Self-reported EQ-5D-5L index scores reported by caregivers and change over time
Baseline N 314 209 523 0.5427
Mean (SD) 0.88 (0.16) 0.88 (0.14) 0.88 (0.15)
6 months (£ 3 months) N 227 162 389 0.9274
Mean change (SD) —0.00 (0.15) —0.00 (0.12) —0.00 (0.14)
12 months (& 3 months) N 146 111 257 0.3203
Mean change (SD) 0.00 (0.19) 0.00 (0.13) 0.00 (0.16)
18 months (£ 3 months) N 33 40 73 0.7253
Mean change (SD) -0.07 (0.21) —-0.03 (0.14) —-0.05 (0.17)
Self-reported EQ-5D-5L VAS scores reported by caregivers and change over time
Baseline N 334 221 555 0.6072
Mean (SD) 76.12 (17.57) 76.99 (17.00) 76.46 (17.33)
6 months (4 3 months) N 253 173 426 0.4233
Mean change (SD) —2.24 (19.55) -3.62 (16.56) —2.80 (18.39)
12 months (£ 3 months) N 163 122 285 0.8450
Mean change (SD) -1.90 (17.85) -2.96 (16.71) -2.36 (17.35)
18 months (&£ 3 months) N 37 41 78 0.4837
Mean change (SD) —6.84 (19.61) —6.34 (19.10) -6.58 (19.22)

SD, standard deviation; EQ-5D-5L, EuroQoL-5 Dimension- Level; VAS, visual analogue scale. EQ-5D-5L, Higher values more optimal

quality of life. Values may not add up to the total considering values for missing data.

Caregivers’ self-reported HRQoL

Overall, at baseline, a large proportion of the
616 caregivers reported that they did not experience
problems walking (394 [64.0%]), washing or dress-
ing (514 [83.4%]), doing their usual activities (446
[72.4%]), furthermore most caregivers reported that
they were not anxious or depressed (348 [55.4%]).
Just under a half of the caregivers reported that they
did not have pain (267 [43.3%]). The self-reported
HRQoL based on the five dimensions of EQ-5D-5L,
analyzed by AD severity of the patients was highest
at baseline and decreased over time from baseline to
the follow-up at month 18.

Based on self-reported HRQoL of caregivers, no
significant mean change from baseline was observed
in EQ-5D-5L index score over time by AD sever-
ity (Table 9). The self-reported mean VAS score
for caregivers was highest at baseline compared to

subsequent follow-up periods, none of the changes
was statistically significant (Table 9). Across coun-
tries, similar results were obtained for caregiver
self-reported index scores at baseline and over time.

The baseline scores of self-reported HRQOL for
patients and for caregivers. were compared according
to the patients retained at 6, 12, and 18 months without
showing statistically significant differences from the
data presented above.

Caregiver burden

The ZBI indicates the subjective burden among
caregivers of adults with dementia. Both mild and
moderate groups showed a decline in their caregiver’s
mean ZBI score over time (Table 10). However,
no significant differences were found over these
bivariate comparisons. These results did not vary sig-
nificantly when analyzed for caregivers responding
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Table 10
Change versus baseline in caregiver burden scores during the follow-up period
Time points Moderate AD Mild AD Overall p
[10-20] [21-26] population
Self-reported Zarit scores of caregivers and change over time
Baseline N 209 520 0.0029*
Mean (SD) 27.42 (14.34) 23.85 (14.35) 25.98 (14.44)
6 months (4 3 months) N 144 353 04117
Mean change (SD) 2.21(10.61) 1.25 (10.49) 1.82 (10.56)
12 months (&£ 3 months) N 105 237 0.2930
Mean change (SD) 4.57 (10.74) 2.66 (11.56) 3.72 (11.13)
18 months (£ 3 months) N 35 67 0.9000
Mean change (SD) 741 (11.11) 7.31 (13.78) 7.36 (12.48)

SD, standard deviation. *p <0.05 was considered significant. Zarit, Lower values better emotional feelings taking care of patient. Values

may not add up to the total considering values for missing data.

Table 11
Multivariable regression models of changes in ZARIT score over time

Parameter Class Estimate Standard Error P
Intercept 4.4146 1.4719 0.0030*
Gender (Reference group: Male) Female -2.5250 1.4346 0.0797
Country (Reference group: UK) Spain 1.8133 1.6764 0.2806

Germany 3.9643 1.9573 0.0440*
AD Severity (Reference group: Mild) Moderate -2.0968 1.4540 0.1506
Hypertension (Reference group: No) Yes -2.7167 1.4607 0.0642
Changes in MMSE —-0.5560 0.1782 0.0020*

Number of observations used: 235. *p <0.05 was considered significant.

at the 6-, 12-, and 18-month time points. The multi-
variable regression model showed that changes in the
patient’s MMSE predict changes in their caregiver’s
7Bl score over time, for those with 12 months follow-
up (Table 11). Other predictors were not identified in
the model.

Patient resource utilization

Figure 1 presents the results of the time that the
primary caregiver contributed to personal activities
of daily life, instrumental activities of daily life, and
supervision. The time dedicated to care for these three
categories was significantly higher for moderate AD
patients than the time dedicated to mild AD patients at
baseline. These differences have a tendency to narrow
over time.

The patient resource utilization was compared by
bivariate comparisons among mild and moderate AD
patients over the follow-up period, but the utiliza-
tion rates were very low providing comparisons with
limited relevance (data not shown). No significant dif-
ferences among both patient groups were found either
for physician visits (including primary care physician
visits; medical specialist visits and other specialist
visits) or hospital visits (including emergency room
visits and general hospitalizations). However, these

analyses showed a trend to increasing resource uti-
lization over the follow-up period of this study.

The patient resource utilization across countries
was heterogeneous, with a higher number of primary
care physician and medical specialist visits in Ger-
many and Spain than in the UK. However, the number
of hospital visits (including emergency room visits
and general hospitalizations) were similar in the three
study countries.

DISCUSSION

This study aimed to assess HRQoL, caregiver bur-
den, and use of healthcare resources associated with
mild to moderate AD in community-dwelling patients
who attend to specialized health care across three
European countries.

Both the mild and moderate AD groups had more
female than male patients. This is reflective of the
fact that a substantially larger number of women than
men suffer from AD worldwide, with ratios as high as
two female patients for every male patients in some
studies [18]. Overall, the demographic characteristics
of the patients included in this study cohort are similar
to previous studies; however, the cohort may not be
fully representative of the AD population due to the
eligibility criteria used in this study [22].
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The study results showed discrepancies between
patient-reported and proxy-reported HRQoL for AD
patients when compared with results from previous
studies [23, 24]. Caregiver perceptions of HRQoL
decreased over time, while patient self-reported
HRQoL did not change. Additionally, for all time
points, the index scores of caregiver reported HRQoL
were lower than those self-reported by the patients.
Orgeta et al. have previously reported lower scores for
patient HRQoL when reported by the caregiver were
compared with those patient self-reported, being the
impairment on the activities of daily life and depres-
sion the main contributors to the lower scores [24].
Similarly, our study showed increasing dependence
for the patients over time, meaning that they were
less able to perform the activities of their daily life.
The lower scores reported by the caregivers suggest
that caregivers are more aware of the impaired patient
HRQoL than the patients themselves. Both caregiver
factors and cognitive impairment were predictors of
HRQoL. The multivariable model demonstrates the
dependence of HRQoL on disease progression (as
measured by change in ADAS-Cog) and provides a
numeric magnitude of unit changes in ADAS-Cog
as a predictor of EQ-5D (caregiver as proxy). A
“distant relative” (acting as a caregiver) was iden-
tified as a negative independent predictor of HRQoL
scores suggesting that emotionally more involved rel-
atives, when acting as caregivers, may rate changes
in patient HRQoL more positively, due to a deeper
emotional attachment, while a distant relative act-
ing as a caregiver may rate HRQoL more objectively
[24].

In this study, both the self-reported and proxy-
rated EQ-5D values (Table 9) were higher than the
utility expected for the MMSE levels based on previ-
ous studies [34]. Our results in a prospective cohort
differ from prior cross-sectional studies that did not
identify patient cognitive impairment as predictors of
caregivers” HRQoL [25, 26]. As expected, caregiver
burden increased from mild to moderate AD. These
findings highlight the importance of evaluating not
only the patient-reported HRQoL, but also the care-
giver self-reported HRQoL in AD in order to make
a more comprehensive assessment of the complex
dynamics between HRQoL in patients and caregivers
and the associated caregiver burden in AD.

No major differences were observed between mild
and moderate AD patients, over the follow-up period,
in terms of patient dependence on assistance. On
the contrary, the DADE study found significant
associations between DS and AD severity, includ-
ing measures of cognitive decline such as MMSE
[28]. The differences in the study design between
this prospective study and the DADE cross-sectional
study could explain the different results. While the
statistical models developed in our study did not find
a relationship between DS and cognitive impairment
as assessed by the MMSE, the DS score showed a
significant and positive association with the cogni-
tive function changes as per the ADAS-Cog score.
This would reflect the fact that the ADAS-Cog score
may constitute a more sensitive performance-based
measure for cognition and disease progression in AD
patients compared to MMSE as previously reported
[26].
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This study examined changes in clinical variables
such as MMSE and ADAS-Cog reflecting disease
severity and disease progression and their contribu-
tion to explaining the changes in health outcomes and
disease burden, such as changes in DS, ZBI, and EQ-
5D. By using a change model, the study corroborated
the hypothesis that disease progression and associ-
ated changes in severity indeed increases patient and
caregiver burden and HRQoL in a significant way.

Physical activity declined from mild to moderate
AD, potentially due to decline in physical fitness
and/or increase in apathy as the disease progresses
[27]. The patient’s activity level is an important out-
come parameter for measuring disease progression,
and an effective intervention together with cognitive
stimulation for the protection and rescue of cognitive
decline in AD [28]. Thus, physicians need to monitor
and encourage physical activity more actively over
the course of AD.

Caregiver burden showed a gradual increase over
disease progression. These findings are very consis-
tent with previous studies [29, 30]. Similar to physical
activity, caregiver burden is an important outcome
and provision of support to caregivers is effective for
preventing or delaying nursing home placement. This
shows the practical importance monitoring caregiver
emotional distress and caregiver burden.

The results from the RUD questionnaire also
showed differences in the time the caregivers spend
caring for AD patients between both severity groups.
These differences tend to decrease over time, indicat-
ing that as the disease progresses the caregivers invest
more time in caring for AD patients.

Additionally, most of the caregivers did not receive
any income or other compensation for the time spent
caring for the AD patient which is consistent with the
caregiver profile who mostly are retired and related
to the AD patient. This is in line with the results
presented by Ydstebg et al. [31] in an observational
study of AD patients about to be admitted in a nurs-
ing home. That study showed that the main caregiver
provides unpaid informal care and is usually a family
member. Both studies indicate that the main burden
for AD patients care is borne by close family members
who are not paid for this burdensome task.

The analysis of patient resource utilization showed
a tendency to increase over the follow-up of this
study. However, no significant differences were found
for patient resource utilization, emergency room vis-
its and hospitalizations between mild and moderate
AD patients. This could be explained by the short
follow-up period for most of the patients in this study

compared to other studies and/or by selective drop-
outs [11]. It is noteworthy to mention that those
patients who were institutionalized where dropped
off the study and that the institutionalization costs
were not considered among the healthcare resources
use estimations for the study.

The country-specific differences in the resource
utilization for treating AD patients observed are anal-
ogous of those reported in other studies [11]. The
analysis of resource utilization showed a trend to
increasing usage over the follow-up period in this
study. However, no significant differences were found
for some resource utilization, such as emergency
room visits and hospitalizations between mild and
moderate AD patients. This could be explained by a
shorter follow-up period for most of the patients in
this study compared to other studies [11].

The present study has some limitations. The patient
and caregiver relationship could be considered as a
dyad. To the extent that the characteristics of that dyad
was time invariant, the first difference approach used
in the multivariate analysis eliminated any source
of bias resulting from the omission of the dyad.
However, for some patients, caregivers changed, and
sometimes patient characteristics that we did not
observe in the data could also change. In these
situations, the estimates generated from the model
could be imprecise. The low number of patients with
follow-up visit at 18-month is linked to the study
design (termination when the first patient in each
country reached the follow-up of 24 months) and
did not alter sociodemographic or clinical character-
istics of patients reaching longer follow-up periods;
therefore, it is not expected to bias the study results.
Baseline scores obtained by mild and moderate AD
groups in all questionnaires used in the study to assess
disease progression and outcomes were maintained
among the subset of patients retained at 6, 12, and 18
months, reflecting non-selective drop-outs along the
study. A high attrition rate is typical for longitudi-
nal observational AD studies [32]. Different factors
attributed to aging and disease progression are the
main reasons of attrition at long-term AD studies
and reflect that AD is a progressive condition that
mainly affects geriatric patients [33]. Real world clin-
ical studies follow patients in routine clinical practice
which may result in higher attrition rates.

In conclusion, the study shows that negative impact
on patients’ and caregivers’ quality of life and care-
giver burden increase over time. The discrepancy
of patient-reported HRQoL and caregiver-reported
HRQoL needs to be considered in the management
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of AD patients. Further research is needed to fully
understand the interaction of AD symptomatology
with patients’ and caregivers’ quality of life, espe-
cially over the course of disease. A longer follow-up
period would allow many of the questions raised in
this piece of research to be answered.
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