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f Department of Neurology and Psychiatry, University of Rome “Sapienza” Rome, Italy
g Gerontopole, Toulouse University Hospital, UMR 1027 INSERM Univeriste Toulouse 3, France
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Abstract. To address socioeconomic challenges associated with its increasing prevalence, data are needed on country-level
resource use and costs associated with Alzheimer’s disease (AD). GERAS is an 18-month observational study being conducted
in France, Germany, and the UK (with an 18-month extension in France and Germany), aimed at determining resource use and
total costs associated with AD, stratified by AD severity at baseline. Resource use information and time spent on informal care
by non-professional caregivers was obtained using the Resource Utilization in Dementia instrument. Total baseline societal
costs were based on four cost components: patient health care costs, patient social care costs, caregiver health care costs, and
caregiver informal care costs. Overall, 1,497 community-dwelling patients with AD were analyzed at baseline. Estimated mean
monthly total societal costs per patient at baseline differed significantly between groups with mild, moderate, and moderately
severe/severe AD (p < 0.001 in each country): D 1,418, D 1,737, and D 2,453 in France; D 1,312, D 2,412, and D 3,722 in Germany;
and D 1,621, D 1,836, and D 2,784 in the UK, respectively. All cost components except caregiver health care costs increased with
AD severity. Informal caregiver costs were the largest cost component accounting for about half to just over 60% of total societal
costs, depending on country and AD severity group. In conclusion, GERAS study baseline results showed that country-specific
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costs increase with AD severity. Informal care costs formed the greatest proportion of total societal costs, increasing with AD
severity independent of costing method. Longitudinal data will provide information on cost trends with disease progression.
Keywords: Alzheimer’s disease, caregivers, cohort study, cost, dementia, Europe, informal care, Mini-Mental State examination,
observational study, resource use

INTRODUCTION
Dementia currently affects about 10 million people across Europe, with a reported prevalence rate of
6.2% for all those aged 60 years and over [1]. With
a growing aging population, the number of people in
Europe with dementia is expected to increase to about
14 million in 2030 [1]. Alzheimer’s disease (AD), a
progressive, neurodegenerative disorder, is the most
common cause of dementia, representing up to 75% of
all cases [2]. AD is associated with a social and economic burden, and the provision of care for people with
AD is a complex and costly issue [3–6].
Several studies have provided data on the costs of
care associated with AD in different European countries [4, 7–17], but a lack of standardized methodology
makes it difficult to compare the results of different
studies, and many studies do not have a longitudinal design. Up-to-date, long-term information on
country-specific costs of care is needed because care
arrangements and resource use patterns change over
time, and are dependent on culture and the health
and social care systems in each country [4]. Much of
the care given to AD patients in the early stages of
the disease is provided informally by non-professional
caregivers (mainly family members) [1]. The type and
amount of care needed by patients with AD vary as
the disease progresses, resulting in an increasing role
for caregivers. Recent studies have estimated caregiver
costs in various European countries [6, 11–13, 15–19].
However, the societal cost of informal care in different
countries remains unclear because of methodological
differences in cost calculations (e.g., the types of costs
included/excluded and the data used to estimate them)
or its frequent exclusion from economic evaluations
[7, 20]. In addition, insufficient information is available on the relationship between AD severity and cost
of care (including informal care).
GERAS is an 18-month observational study being
conducted in France, Germany, and the UK (with
an 18-month extension period in France and Germany) that aims to assess the country-specific costs
and resource use associated with AD for communitydwelling patients and their caregivers, stratified by

patients’ disease severity at baseline. GERAS aims to
address some of the limitations of previous cost studies
by using a standardized method for assessing resource
use and caregiver time over a longer follow-up period.
The objective of this article is to describe the
study design and the baseline findings, especially the
country-specific resource use by patients and their
caregivers together with estimates of the countryspecific costs associated with AD at baseline.
SUBJECTS AND METHODS
Study design and participating centers
GERAS is an 18-month, multicenter, observational
study designed to assess the direct and indirect country
costs associated with AD for patients and their caregivers in France, Germany, and the UK. Patients in
France and Germany are being followed up for a further
18 months.
Physicians from the three countries enrolled patients
between October 1, 2010 and September 31, 2011.
Study centers were mostly specialist secondary care
clinics (‘memory clinics’).
Patients and caregivers were evaluated at baseline
and will undergo a maximum of four evaluations during the core study (baseline, 6-, 12-, and 18 months),
which will take place during their routine care visits
at 6-month intervals (±6 weeks). In the centers taking
part in the extended follow-up, additional evaluations
will take place at 24-, 30-, and 36 months.
Study cohort
Community-dwelling patients (aged ≥55 years)
were enrolled in the study if they had probable AD,
defined according to the National Institute of Neurological and Communicative Disorders, and Stroke and
Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) criteria [21], a Mini-Mental
State examination (MMSE) [22] score of ≤26, and
presented within the normal course of care (i.e., for
the diagnosis, treatment, or follow-up care of AD).
Patients with a history, clinical signs, or imaging of
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stroke or transient ischemic attack, patients with a history of Parkinson’s disease prior to, or at the start of AD
onset, and probable Lewy-body disease were excluded
from the study, as were those who, at baseline, were
participating in an interventional study.
Patients were required to have a caregiver who was
willing to participate in the study and to undertake
responsibility for the patient for at least six months of
the year. This person was defined as an informal carer
who, according to the family, was the person (other
than a health care professional) who would normally
take responsibility for most of the day-to-day decisions
and the provision of home care for the patient. Ethical review board approval of the study was obtained
in each country according to individual country regulations. The patient (or their legal representative)
and caregiver were both required to provide written
informed consent prior to enrollment.
Patients were stratified according to disease severity at baseline using MMSE criteria consistent with
UK clinical guidelines [23]: ‘Mild AD severity’
(MMSE 21−26 points); ‘Moderate AD severity’
(MMSE 15−20 points); ‘Moderately severe/severe
AD severity’ (MMSE <15 points). To achieve approximately equal numbers of patients in the three AD
severity groups within each country, the moderately
severe/severe AD group is an oversampled stratum
as, based on UK estimates, approximately 12.5% of
patients with AD are categorized as severe [24], and
nearly two-thirds of patients with dementia live in the
community [24]. There was no requirement for patients
to be treated with any specific AD medication at study
entry; treatment for AD could be prescribed in the usual
way throughout the study, and any treatment decisions
were solely at the discretion of the physician and the
patient. Information on AD medication, any psychiatric treatment prescribed, as well as medication for
co-morbidities was recorded.
Assessments
Data on cognitive, functional, and behavioral assessments of the patient, health-related quality of life
(HRQoL) of the patient and caregiver, and caregiver
burden, along with patient and caregiver resource
use were collected using an electronic device (CRF
Health). Patient and caregiver demographics and
baseline characteristics including co-morbidities and
medications were collected using an electronic clinical report form. The Resource Utilization in Dementia
(RUD) instrument, measuring health care resource
utilization for patients and caregivers (e.g., living
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accommodation, hospitalizations, community care services) and time spent on informal care by caregivers,
was administered by the physician, and answered by
the caregiver and the AD patient (as long as disease
severity permitted) [25].
Cognitive function was assessed using the MMSE
[22] and the cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADAS-Cog) [26].
Functional ability was assessed using the
Alzheimer’s Disease Co-operative Study Activities of Daily Living Inventory (ADCS-ADL) [27, 28].
The range for the total ADCS-ADL score is 0−78,
higher scores indicating lower functional impairment.
Separate scores for the basic ADLs (range 0−22) and
instrumental ADLs (range 0−56) were also computed.
Behavioral and psychological symptoms were
assessed using the Neuropsychiatric Inventory (NPI)12
[29, 30], a caregiver-interview based assessment
tool.
HRQoL was evaluated separately in the patient and
the caregiver using the EuroQoL-5D (EQ-5D) [31].
This is a standardized instrument used to measure overall health status and is applicable to a wide range of
health conditions and treatments. The EQ-5D consists
of two parts: (1) health status is classified according
to five dimensions of health (mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression),
from which scores on individual dimensions are
recorded, together with a total score that is a summation
of individual dimension scores. The standard practice
is to use the same tariff in multi-country studies and
the UK tariff was used for all three countries to obtain
a patient health utility figure—the weighted EQ-5D
total health status index score (EQ-5D index)—with
a range from 0 (dead) to 1 (perfect health) [32]; (2) a
visual analog scale (EQ-VAS) assesses perceived overall health status on a scale from 0 (worst imaginable
health state) to 100 (best imaginable health state) [33].
In the GERAS study, the caregiver completed the proxy
version of EQ-5D for the patient [34] and the caregiver
version for themselves.
Cost estimation
Baseline cost data were calculated from resource
use information obtained from the RUD and from
additional data collected from caregivers on treatments, financial assistance, out-of-pocket expenses,
and neuropsychological assessments. Monthly costs
(2010 values) were estimated by applying countryspecific unit costs of services and products to the
recorded health care resource use in the month
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before baseline (Supplementary Table 1; available
online: http://dx.doi.org/10.3233/JAD-122392). Costs
were calculated by country (no pooled analysis of
costs) and stratified by disease severity at baseline.
Costs were broken down into the following components (for full details, see Supplementary Table 1): 1)
patient health care costs: including costs of patients’
medications (AD medications, antipsychotic/hypnotic
medication, medications for co-morbidities), nights in
hospital, emergency room visits, and outpatient visits; 2) patient social care costs: including costs of
patient living accommodation, community care services, structural adaptations to the patient’s living
accommodation, consumables, and financial support
received; 3) caregiver health care costs: including
costs of medications for caregiver medical conditions,
caregiver nights in hospital, emergency room visits,
and outpatient visits; and 4) caregiver informal care
costs: including costs of caregiver time and of the
caregiver missing work. The costs for these four cost
components were combined to give the total societal
costs.
The primary analysis of costs (i.e., the base case)
was based on a lost productivity approach, with patient
and caregiver health care costs, and patient social care
costs calculated as described above. Informal care costs
were calculated using the higher cost of either the cost
of caregiver time spent on the patient or the total cost of
caregiver missing work to care for the patient (the same
unit cost was applied to both items, see Supplementary Table 1). The problems in costing informal care
and the approach of using different unit costs for caregivers based on the working status of the caregiver have
been discussed previously [35]. Caregiver time was
calculated as the number of hours for basic living activities plus the number of hours of instrumental activities
(number of hours for ‘supervision’ was excluded). For
working caregivers, the unit cost for caregiver time was
the value of lost production time, with the cost based on
the national average wage per country population (see
Supplementary Table 1). For non-working caregivers,
the unit cost for caregiver time was the value of lost
leisure time, and this was costed at 35% of the national
average wage per country population as in previous
studies [12, 36] (see Supplementary Table 1 for costs
used). Informal caregiver time, lost working days, and
reduction in caregiver working hours were converted
to “hours in the past month” to be consistent with all
of the other resource use measures included in the cost
calculations.
Two sensitivity analyses were carried out using alternative values for costing informal care, as these were

considered to have a higher level of uncertainty. Sensitivity analysis 1 used the same unit costs for caregiver
time as the base case above, but included supervision
time in the calculation of caregiver time. Sensitivity
analysis 2 was based on full replacement costs, where
the costs for caregiver time were assigned a value
equivalent to the costs for a professional carer (with
hourly costs based on the national minimum wage or
the wage for a basic carer as available in each country).
In this analysis of costs, caregiver time included supervision time and the same unit cost for caregiver time
was applied for all caregivers (i.e., working status was
not taken into account) in each country (2010 values):
France, D 8.95; Germany, D 9.61; UK, D 6.80 (£5.83)1 .
The sources of all unit costs are given in Supplementary
Table 1.
Sample size
To provide meaningful data for each participating
country, and because significant variation was expected
between countries, the sample size was determined
based on the number of patients required for each country and took into account potential drop-outs using
the rate from a previous observational study [37]. We
therefore assumed that 30% of patients would be lost
to follow-up during an 18-month follow-up period
and that 20% of patients would be lost to follow-up
each year over a three-year follow-up period. We also
assumed that costs would be exponentially distributed
and that equal numbers of patients would be enrolled
in each of the three severity groups (based on MMSE
scores). Based on these assumptions, we calculated that
a minimum of 600 patients per country (200 in each
severity group) was required to obtain a 95% confidence interval of ± 10% of the mean cost estimate.
Statistical analysis
The analysis reported is exploratory only; no confirmatory statistical tests were performed. Confidence
intervals (95% level, two-sided) and statistical tests
(two-sided level of 5%) are descriptive. The full analysis set (FAS) was used for the analyses; FAS included
all patients with AD and their caregivers who provided
consent to release information and who fulfilled the
study entry criteria. Analysis was performed overall
and by country and stratified by disease severity at
baseline (defined by MMSE scores as described previrate: £1 = D 1.1661 (calculated as the monthly
exchange rate average for 2010; http://www.x-rates.com/d/EUR/GB
P/hist2010.html, Accessed on June 22, 2012.
1 Conversion
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ously). The results presented are based on non-missing
data.
Demographics and baseline characteristics were
summarized using descriptive statistics and were based
on non-missing observations. Comparisons between
AD severity groups used Cochran–Mantel–Haenszel
(CMH) tests for categorical data, stratified by country, and ANOVA with independent factors for MMSE
severity and country for continuous data. For the
resource utilization variables there was a high number
of zero events (e.g., number of hospital visits), therefore p-values for AD severity groups were taken from
an inflated Poisson regression model with AD severity
group and country as factors.
Cost data are usually not normally distributed and
parametric tests may therefore not be valid. However,
when the sample size is large, the distribution of the
mean is normal regardless of the distribution of the
individual level data; therefore, the parametric t-test is
sufficient and nonparametric methods for cost analysis
[38] are not necessary. This was the case in the current
analyses; bootstrapping of total costs are not presented
because the sample size was large enough to have had
minimal impact on the results. Thus, it was deemed
appropriate to perform and present testing using parametric t-tests, and p-values are presented accordingly.
As an alternative for the test of significance for total
societal cost, we performed a General Linear Model
using the gamma distribution to account for skewness
in the total cost data. Based on this model, the cost
estimates are identical and p values for the primary
analyses are still all highly significant between severity
groups (p < 0.0001).
For this baseline analysis, the number of missing
patients for the cost analysis was minimal (<1%). We
have assumed these patient data are missing at random
and would have a negligible impact on the total cost
estimates; therefore, no imputation of missing data has
been performed.
ANOVA p-values with AD severity group as the
factor were reported for all costs (assuming central
limit theory due to sample size). For the UK cost
data, statistical testing was performed on the data in
pounds sterling, but the results are presented in euros
for ease of comparison between countries. The conversion rate used was £1 = D 1.1661 (calculated as the
monthly exchange rate average for 2010)2 .
All data were analyzed using SAS software, version
9.2 (SAS Institute, Cary, North Carolina, USA).
2 http://www.x-rates.com/d/EUR/GBP/hist2010.html, Accessed
on June 22, 2012.
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RESULTS
Investigators and patients
Of the 94 investigators involved in the study, most
were specialists, predominantly psychiatrists (34.8%),
neurologists (32.6%), and geriatricians (30.3%). The
specialty of the participating investigators varied by
country: in France, 63.6% were geriatricians; in Germany, 48.6% were neurologists and 40.5% were
psychiatrists; and in the UK, 78.9% were psychiatrists
specializing in the care of elderly people and 15.8%
were geriatricians. Most investigators (68.5%) worked
in public practice, and 64.0% of practices were in an
urban location (with at least 2,000 inhabitants).
The investigators enrolled 1,532 patients overall, but
35 (2%) patients were excluded from the analysis for
the following reasons (more than one reason applied
in some cases): age not given (n = 13), MMSE missing or >26 (n = 22), and stroke reported at baseline
visit (n = 9). Thus, a total of 1,497 patients were suitable for analysis. Of these 1,497 patients, 567 (37.9%)
had mild AD, 472 (31.5%) had moderate AD, and 458
(30.6%) had moderately severe/severe AD; the number
of patients in each severity group by country is given
in Table 1.
For this baseline analysis, only 9 of the 1,497
patients (<1%) had missing data and were excluded
from the estimates of total societal costs: 2 from
France, 2 from Germany, and 5 from the UK.
Baseline characteristics
Table 1 summarizes the baseline characteristics of
the patients involved in this study. Overall, the proportion of women in each group was higher as AD
severity increased. Across all three countries, the main
caregiver was the patient’s spouse, with the highest
percentage of this being in the mild AD severity group
(Table 2).
The majority of patients (77.5% overall) were taking
an acetylcholinesterase (AChE) inhibitor at the baseline assessment. Overall, the proportion of patients
taking memantine increased with the severity of AD,
but memantine use clearly differed between countries
with around a third of patients (over all AD severity
groups) in Germany and France and 4.2% of patients
in the UK taking memantine (Table 1).
The majority of patients (73.5% overall) had at least
one comorbidity with hypertension, depression, and
hypercholesterolemia the most commonly reported
comorbid conditions (data not shown).
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Table 1
Patient characteristics at baseline: overall and country-specific data

Characteristic
Number of patients

Age, years (mean [SD])

Gender (% female)

Time since diagnosis,
years (mean [SD])

Marital status,
married/cohabiting (%)

Living alone, own home (%)

Patients taking an
acetylcholinesterase
inhibitor (%)1
Patients taking memantine (%)1

Country
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK

Mild

Moderate

567
138
228
201
77.3 (6.97)
79.3 (5.93)
74.7 (6.89)
78.8 (6.85)
47.8
54.3
42.1
49.8
1.7 (2.00)
2.1 (2.30)
1.3 (1.58)
1.8 (2.12)
74.8
68.1
79.4
74.1
18.6
21.5
19.3
15.7
78.8
81.9
73.7
82.6
11.6
13.8
19.7
1.0

472
136
157
179
77.8 (7.95)
78.7 (7.35)
75.9 (8.10)
78.9 (7.97)
57.2
67.6
53.5
52.5
2.1 (2.04)
2.2 (2.29)
2.0 (1.99)
2.0 (1.88)
68.2
63.2
75.8
65.2
22.8
26.4
19.5
23.0
79.9
83.8
73.2
82.7
18.6
26.5
28.7
3.9

AD severity
Moderately severe/severe
458
145
167
146
77.6 (8.17)
80.2 (7.03)
75.4 (8.00)
77.6 (8.69)
61.1
64.8
56.9
62.3
3.1 (2.40)
3.2 (2.46)
3.0 (2.51)
3.1 (2.20)
72.5
66.9
73.1
77.4
11.2
16.1
9.7
8.1
73.4
75.2
61.1
85.6
33.6
55.9
35.9
8.9

Overall population
p value

NS
NS
NS
NS
**
NS
*
NS
**
**
**
NS
NS
NS
NS
NS
**
NS
**
*
NS
NS
NS
NS
**
**
**
*

1497
419
552
526
77.6 (7.66)
79.4 (6.81)
75.2 (7.59)
78.5 (7.79)
54.8
62.3
49.8
54.2
2.2 (2.22)
2.5 (2.41)
2.0 (2.14)
2.2 (2.13)
72.0
66.1
76.4
72.0
17.7
21.2
16.6
16.1
77.5
80.2
69.7
83.5
20.6
32.5
27.2
4.2

1 % values calculated based on total population of severity group. *p < 0.05, ** p < 0.001 for comparison between AD severity groups (ANOVA for

continuous variables and Cochran–Mantel–Haenszel test for categorical variables). ‘Mild’ AD (Alzheimer’s disease) severity = MMSE (MiniMental State examination) 21–26 points; ‘Moderate’ AD severity = MMSE 15–20 points; ‘Moderately severe/severe’ AD severity = MMSE <15
points. (NS, not significant [p ≥ 0.05]).

Table 3 presents the cognitive, functional, and
behavioral scores at baseline for the overall patient
population, and shows increased impairment and
poorer functioning and HRQoL as AD severity
increases (see Supplementary Table 2 for countryspecific data).
Resource utilization
Resource use in the month before the baseline visit
by patients and caregivers is shown in Tables 4 and 5,
respectively. Patient use of health care resources (e.g.,
number of nights in hospital, outpatient visits, requirement for home aid/orderly, and need for day care) were
all significantly higher as AD severity increased across
the groups (p < 0.001 overall) (Table 4). There was
very little patient use of the emergency room (97.1%
of patients in the overall cohort had no emergency

room visits, and there was a maximum of two emergency room visits in any of the AD severity groups;
data not shown) and most caregivers (97.7%) had
no nights in hospital. Caregiver resource use for the
overall cohort did not differ across the AD severity
groups (Table 5). Overall, 355 (23.8% of) caregivers
were working for pay. The majority of non-working
caregivers had reached retirement age (74.1%) or had
taken early retirement (7.8%; not AD-related) (data
not shown). Caregivers who were employed worked an
average of 31.4 hours/week, although nearly a quarter
had reduced their work hours to care for the patient
(Table 5). A small proportion of caregivers were being
paid to care for their AD patient in France and Germany (none in the UK). French caregivers were being
paid for more hours than German caregivers.
Figure 1 shows a clear relationship between increasing severity of AD and increased informal caregiver
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Table 2
Caregiver characteristics at baseline: overall and country-specific data
Characteristic
Number of caregivers

Age, years (mean [SD])

Gender (% female)

Caregiver relationship (%)
Spouse
Child
Other
Spouse
Child
Other
Spouse
Child
Other
Spouse
Child
Other

Country
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK

AD severity
Moderately severe/severe

Mild

Moderate

567
138
228
201
68.1 (11.60)
68.6 (11.94)
66.6 (11.19)
69.4 (11.70)
68.6
70.1
71.1
64.7

472
136
157
179
66.7 (11.70)
66.3 (12.37)
66.8 (11.05)
66.9 (11.79)
64.4
58.8
66.9
66.5

458
145
167
146
67.0 (12.85)
68.8 (12.77)
64.0 (13.00)
68.7 (12.21)
58.3
58.6
63.6
52.1

70.7
23.5
5.8
65.0
30.7
4.4
72.8
19.7
7.5
72.1
22.9
5.0

63.1
28.8
8.1
56.6
36.0
7.4
69.4
20.4
10.2
62.6
30.7
6.7

62.9
29.8
7.2
63.4
31.7
4.8
58.8
33.3
7.9
67.1
24.0
8.9

Overall

France

Germany

UK

Overall population
p value

NS
NS
NS
NS
*
NS
NS
*
*

NS

*

*

1497
419
552
526
67.3 (12.03)
67.9 (12.39)
65.9 (11.76)
68.3 (11.90)
64.1
62.4
67.6
61.8
65.9
27.1
7.0
61.7
32.8
5.5
67.6
24.0
8.4
67.5
25.9
6.6

*p < 0.05 for comparison between AD severity groups (ANOVA for continuous variables and Cochran–Mantel–Haenszel test for categorical
variables). ‘Mild’ AD (Alzheimer’s disease) severity = MMSE (Mini-Mental State examination) 21–26 points; ‘Moderate’ AD severity = MMSE
15–20 points; ‘Moderately severe/severe’ AD severity = MMSE <15 points. (NS, not significant [p ≥ 0.05]).
Table 3
Patient-reported outcomes at baseline presented as overall data for all three countries combined (see Supplementary Table 2 for countryspecific data)

Number of patients
MMSE
ADL - basic
ADL - instrumental
ADL - total
ADAS-cog11
NPI 12 total
EQ-5D index (proxy)2
EQ-VAS (proxy)

AD severity
Moderately severe/severe

Mild

Moderate

567
23.3 (23.2; 23.5)
19.8 (19.6; 20.1)
38.6 (37.6; 39.5)
58.5 (57.3; 59.6)
19.0 (18.5; 19.5)
10.2 (9.3; 11.1)
0.71 (0.69; 0.73)
66.0 (64.5; 67.5)

472
17.9 (17.8; 18.1)
18.3 (17.9; 18.6)
29.9 (28.8; 31.1)
48.3 (46.9; 49.7)
27.1 (26.4; 27.8)
14.3 (13.1; 15.4)
0.64 (0.62; 0.67)
64.6 (62.8; 66.3)

458
9.5 (9.1; 9.9)
13.2 (12.7; 13.8)
16.6 (15.5; 17.8)
30.0 (28.4; 31.6)
Not applied
22.0 (20.2; 23.8)
0.51 (0.48; 0.54)
58.7 (56.6; 60.8)

Overall population
p value
1

**
**
**
**
**
**
**

1497
17.4 (17.1; 17.7)
17.3 (17.1; 17.6)
29.2 (28.4; 29.9)
46.6 (45.6; 47.6)
22.7 (22.2; 23.2)
15.1 (14.3; 15.9)
0.63 (0.61; 0.64)
63.3 (62.3; 64.3)

Data are presented as means (95% CI) unless otherwise indicated. 1 No statistical analysis performed. 2 Presented to two decimal places to
more clearly distinguish utility scores between severity groups. **p < 0.001 for comparison between AD severity groups (ANOVA). ‘Mild’ AD
severity = MMSE 21−26 points; ‘Moderate’ AD severity = MMSE 15−20 points; ‘Moderately severe/severe’ AD severity = MMSE <15 points.
Reduced functioning is indicated by lower scores for MMSE and ADL, and higher scores for ADAS-cog11; increased impairment is indicated
by higher scores for NPI 12 total; reduced quality of life is indicated by lower scores for EQ-5D. (AD, Alzheimer’s disease; ADAS-Cog11,
Alzheimer’s disease assessment scale – cognitive subscale; ADL, activities of daily living; EQ-5D, EuroQoL-5D; EQ-VAS, EQ-5D visual analog
scale; MMSE, Mini-Mental State examination; NPI, neuropsychiatric inventory).

time spent on basic activities of daily living, instrumental activities of daily living and supervision (data
from RUD questionnaire); each time component and
the overall monthly caregiver time were significantly
different across AD severity groups in each country
(p < 0.001 for overall monthly caregiver time) (Fig. 1).

Costs
Estimated mean monthly total societal costs per
patient at baseline differed significantly between
groups with mild, moderate, and moderately
severe/severe AD (p < 0.001 in each country): D 1,418
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Table 4
Resource use by patients in the month prior to baseline: country-specific data and overall for all three countries combined

Resource use by patients

Country

AD severity
Mild

Total number of nights in hospital

Outpatient visits

District nurse1

Home aid/orderly1

Food delivery1

Day care1

Transportation
(public paid)1

Moderate

Moderately
severe/severe

p value

Overall
population

Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK
Overall
France
Germany
UK

0.2 (0.1; 0.3)
0.1 (−0.0; 0.3)
0.4 (0.1; 0.7)
0.0 (−0.0; 0.1)
3.4 (2.6; 4.1)
3.9 (2.4; 5.3)
4.3 (3.0; 5.7)
2.0 (1.0; 3.0)
2.8 (11.73)
6.4 (15.70)
2.7 (11.77)
0.6 (7.07)
3.4 (15.09)
6.9 (21.91)
0.5 (2.53)
4.3 (17.08)
2.8 (38.43)
7.9 (76.96)
1.0 (4.96)
1.5 (9.72)
0.6 (2.60)
0.9 (2.57)
0.1 (1.08)
1.0 (3.59)

0.5 (0.2; 0.7)
0.5 (−0.1; 1.0)
0.9 (0.3; 1.6)
0.1 (−0.0; 0.1)
3.2 (2.5; 3.9)
3.2 (2.6; 3.9)
4.4 (2.9; 6.0)
2.1 (1.0; 3.3)
3.7 (18.01)
7.3 (16.77)
4.4 (26.57)
0.3 (2.12)
3.1 (9.94)
4.6 (10.02)
0.8 (2.78)
3.9 (13.10)
3.3 (46.23)
8.3 (85.70)
1.4 (5.77)
1.1 (5.31)
0.8 (2.58)
0.8 (2.20)
0.5 (1.96)
1.1 (3.23)

0.6 (0.3; 1.0)
0.4 (0.1; 0.8)
1.3 (0.4; 2.2)
0.1 (−0.7; 0.2)
4.0 (3.0; 5.0)
5.7 (3.4; 8.0)
4.1 (2.8; 5.4)
2.3 (0.8; 3.8)
5.1 (14.21)
9.1 (17.02)
6.0 (16.39)
0.2 (0.81)
6.6 (16.54)
8.5 (13.35)
1.6 (5.42)
10.4 (24.52)
1.6 (12.73)
2.8 (20.39)
1.7 (8.94)
0.2 (1.28)
1.9 (4.18)
1.7 (3.54)
1.6 (4.82)
2.2 (3.99)

**
**
**
**
**
**
**
**
NS
NS
NS
NS
**
NS
*
*
NS
NS
NS
NS
**
*
**
*

0.4 (0.3; 0.6)
0.3 (0.1; 0.6)
0.8 (0.5; 1.2)
0.0 (0.0; 0.1)
3.5 (3.1; 4.0)
4.3 (3.4; 5.2)
4.3 (3.5; 5.1)
2.1 (1.4; 2.8)
3.8 (14.73)
7.6 (16.52)
4.2 (18.44)
0.4 (4.56)
4.3 (14.25)
6.7 (15.91)
1.0 (3.72)
5.9 (18.53)
2.6 (35.82)
6.2 (66.78)
1.3 (6.60)
1.0 (6.80)
1.1 (3.21)
1.2 (2.87)
0.7 (2.99)
1.4 (3.62)

Overall
France
Germany
UK

0.6 (4.08)
1.7 (7.50)
0.2 (1.89)
0.4 (1.89)

0.6 (2.23)
1.1 (3.19)
0.2 (1.35)
0.5 (1.88)

1.0 (3.74)
1.1 (3.46)
0.8 (3.29)
1.2 (4.43)

NS
NS
*
*

0.7 (3.49)
1.3 (5.09)
0.4 (2.30)
0.6 (2.85)

Data are presented as means (95% CI) unless otherwise indicated. *p < 0.05, ** p < 0.001 for comparison between AD severity groups (zero
inflated Poisson regression model) 1 Mean (SD) number of times within last month prior to baseline visit; 95% CI not available. ‘Mild’ AD
severity = MMSE 21−26 points; ‘Moderate’ AD severity = MMSE 15−20 points; ‘Moderately severe/severe’ AD severity = MMSE <15 points.
(AD, Alzheimer’s disease; MMSE, Mini-Mental State examination; NS, not significant [p ≥ 0.05]).

(SD 1,336), D 1,737 (SD 1,733), and D 2,453 (SD
2,250) in France; D 1,312 (SD 1,628), D 2,412 (SD
2,890), and D 3,722 (SD 4,178) in Germany; and
D 1,621 (SD 1,731), D 1,836 (SD 1,506), and D 2,784
(SD 1,760) in the UK, respectively. Figure 2 shows
the mean costs per month at baseline for each of the
four cost components (patient and caregiver health
care costs, patient social care costs, and caregiver
informal care costs) by AD severity group in France,
Germany, and the UK. In each country, the monthly
cost for caregiver informal care was the largest cost
component and increased with increasing disease
severity across the AD severity groups (p < 0.001). In
Germany and the UK (but not France), patient social
care costs also increased with increasing AD severity
(p < 0.001). Direct medical costs for patients and for
caregivers did not differ across the AD severity groups
in any of the countries. Total monthly societal costs of
AD for the overall sample were calculated as D 1,881

(SD 1,869), D 2,349 (SD 3,114), and D 2,016 (SD
1,731) for France, Germany, and the UK, respectively;
in each country, these costs differed significantly
between AD severity groups (p < 0.001; see Fig. 2).
The total monthly societal costs are not the sum of the
four individual cost components because the estimate
for each cost component was based on non-missing
data whereas the total cost was calculated for those
with data for all four cost components, so the number
of patients included in each cost calculation differs
slightly. However, the number of patients with missing
data only ranged between 0 and 2 for each cost
calculation for each level of disease severity in each
country.
Sensitivity analysis
When the cost analysis included caregiver supervision time (sensitivity analysis 1), informal caregiver
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Table 5
Resource use by caregivers and variables related to caregiver time in the month prior to baseline: country-specific data and overall for all three
countries combined
Variable

Country
Mild

Number of caregivers

Overall
France
Germany
UK
Caregivers working for pay (%)
Overall
France
Germany
UK
Time in paid work, for caregivers Overall
who are working, hours/week
France
Germany
UK
Caregivers who reduced usual
Overall
work hours, if applicable (%)
France
Germany
UK
Work loss, if caregiver is working, Overall
hours/week1,2
France
Germany
UK
Number of missed working days Overall
in last month (for working
France
caregivers)2
Germany
UK
Caregivers paid to care for
Overall
patient, if applicable (%)
France
Germany
UK
Amount of time caregiver paid
Overall
to care for patient, if applicable France
(hours/week)3
Germany
UK
Number of outpatient visits
Overall
France
Germany
UK

567
138
228
201
23.7
21.2
27.6
20.9
32.5 (29.9; 35.1)
39.1 (35.1; 43.2)
32.4 (28.5; 36.0)
28.1 (22.5; 33.8)
20.9
13.8
27.0
16.7
10.9 (5.7; 16.2)
6.0 (−1.0; 13.0)
8.8 (3.8; 13.7)
19.0 (−0.9; 38.9)
0.9 (0.5; 1.2)
0.7 (0.4; 1.1)
1.0 (0.4; 1.6)
0.7 (0.2; 1.2)
3.7
10.3
3.2
0
17.0 (15.23)
20.7 (18.48)
11.5 (12.02)
0
2.3 (1.3; 3.4)
2.2 (1.2; 3.2)
1.9 (1.5; 2.2)
2.9 (0.1; 5.7)

AD severity
Overall population
Moderate
Moderately severe/severe p value
472
136
157
179
25.2
26.5
28.0
21.8
30.2 (27.6; 32.8)
35.1 (31.0; 39.2)
29.4 (25.4; 33.4)
26.5 (21.3; 31.7)
24.4
22.2
27.3
23.1
13.3 (8.2; 18.5)
15.1 (3.3; 27.0)
9.2 (3.5; 14.8)
17.3 (3.7; 31.0)
1.0 (0.5; 1.6)
0.5 (0.2; 0.8)
1.0 (0.5; 1.5)
1.6 (0.0; 3.2)
3.4
5.6
4.5
0
18.8 (8.54)
17.5 (3.54)
20.0 (14.14)
0
1.4 (1.1; 1.6)
1.4 (1.0; 1.7)
2.0 (1.4; 2.6)
0.8 (0.6; 1.0)

458
145
167
146
22.4
17.2
30.3
18.5
31.4 (28.5; 34.4)
37.4 (33.6; 41.3)
31.2 (26.9; 35.5)
26.4 (19.8; 33.1)
25.5
8.0
34.0
25.9
11.3 (6.6; 16.0)
2.5 (−16.6; 21.6)
10.0 (4.4; 15.6)
16.9 (4.7; 29.0)
1.1 (0.5; 1.8)
0.8 (0.2; 1.3)
1.0 (0.3; 1.7)
1.7 (−0.4; 3.8)
9.8
8.0
16.0
0
15.5 (15.07)
36.0 (19.80)
10.4 (9.27)
0
2.2 (1.5; 2.9)
2.3 (0.8; 3.8)
2.8 (1.5; 4.1)
1.4 (0.7; 2.1)

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
*
NS
NS
NS
NS
NS
NS
NS
NS
NS

1497
419
552
526
23.8
21.5
28.5
20.5
31.4 (29.9; 33.0)
37.1 (34.8; 39.3)
31.2 (28.9; 33.4)
27.1 (23.9; 30.3)
23.4
15.6
29.3
21.3
11.9 (9.1; 14.7)
10.7 (3.8; 17.6)
9.3 (6.4; 12.2)
17.7 (10.3; 25.1)
1.0 (0.7; 1.3)
0.6 (0.4; 0.9)
1.0 (0.7; 1.4)
1.3 (0.5; 2.0)
5.4
7.8
7.6
0
16.6 (13.38)
24.1 (15.77)
12.2 (9.98)
0
2.0 (1.5; 2.4)
2.0 (1.4; 2.6)
2.2 (1.8; 2.6)
1.8 (0.7; 2.9)

Data are presented as means (95% CI) unless otherwise indicated. 1 Based on reported number of hours lost per week in last month prior to baseline
visit by caregivers who were working. 2 For the cost calculations, these were converted to “hours in the past month” to be consistent with the other
resource use measures. 3 Mean (SD) number of times within last month prior to baseline visit; 95% CI not available. *p = 0.026 for comparison
between AD severity groups (zero-inflated Poisson regression model), ‘Mild’ AD severity = MMSE (Mini-Mental State examination) 21−26
points; ‘moderate’ AD (Alzheimer’s disease) severity = MMSE 15−20 points; ‘moderately severe/severe’ AD severity = MMSE <15 points.
(NS, not significant [p ≥ 0.05]).

costs were higher in each country relative to the primary analysis, which was reflected in higher mean
total monthly societal costs of AD. In France, mean
total monthly societal costs were D 2,012 (SD 2,118),
D 2,490 (SD 2,353), and D 3,963 (SD 2,920) for
the groups with mild, moderate, and moderately
severe/severe AD, respectively (p < 0.001 between AD
severity groups). In Germany, mean total monthly societal costs were D 1,819 (SD 2,707), D 3,189 (3,553), and
D 5,592 (SD 4,983) for mild, moderate, and moderately
severe/severe AD, respectively (p < 0.001 between AD
severity groups). In the UK, mean total monthly

societal costs were D 2,048 (SD 2,172), D 2,519 (SD
2,261), and D 3,999 (SD 2,787) for mild, moderate, and
moderately severe/severe AD, respectively (p < 0.001
between AD severity groups).
For the sensitivity analysis with full replacement
costs (including country-specific costs for supervision
time and professional care based on the minimum
wage; sensitivity analysis 2), the caregiver informal
care costs were increased relative to the primary analysis but were lower than in the first sensitivity analysis;
the pattern of change was the same for all three countries. For France, the total monthly societal costs of
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societal costs of AD were D 1,616, D 3,033, and D 5,073
for mild, moderate, and moderately severe/severe AD,
respectively (p < 0.001 between AD severity groups).
For the UK, the total monthly societal costs of AD were
D 1,769, D 2,216, and D 3,470 for mild, moderate, and
moderately severe/severe AD, respectively (p < 0.001
between AD severity groups).

DISCUSSION

Fig. 1. Informal caregiver time (including supervision) spent on
patients (hours/month) at baseline for a) France b) Germany, and
c) UK. *p value for comparison between severity groups (ANOVA)
of mean overall monthly caregiver time (value in italics above each
column). Note: this value is based on data provided for the last month
prior to the baseline visit and is not the sum of the individual components; it is calculated for those who have data for all three time
components. Each of the time components is calculated for those
with non-missing data, so the patient numbers may differ. ADL,
activities of daily living.

AD in this sensitivity analysis were D 1,817, D 2,303,
and D 3,730 for mild, moderate, and moderately
severe/severe AD, respectively (p < 0.001 between AD
severity groups). For Germany, the total monthly

The GERAS study provides unique information on
societal costs of AD in community-dwelling patients
both across different severity levels and between countries. The baseline cost data described show that
increasing severity of AD among community-dwelling
patients was associated with rising costs in all three
countries (France, Germany, UK). The mean monthly
total societal cost per patient almost doubled between
the mild and moderately severe/severe groups in
France and the UK, and increased almost three-fold
in Germany. These costs were higher in Germany than
in France or the UK for both moderate AD and moderately severe/severe AD. The increase in the cost of
AD with increasing severity is consistent with previous reports [9, 10, 14, 16] and, with increasing AD
prevalence, the rising costs will impact on payers and
providers of health care. The high costs of providing
long-term care in nursing homes [17, 39] provides the
impetus to find treatments that delay disease progression and enable patients to live at home for as long as
possible.
Currently, new treatments need to demonstrate
cost-effectiveness over standard care (e.g. the UK),
innovation (e.g., France and Germany), or a favorable impact on budget (e.g., Spain) in order to achieve
reimbursement. Availability of country-specific data
on characteristics, resource use and cost in ‘reallife’ patients is sporadic across Europe, highlighting
GERAS as a source of important data in these three
large European countries. In particular, with the inclusion of moderately severe/severe AD patients, the
longitudinal data will enable a description of cost
trends throughout the progression of the disease.
In this study of community-dwelling patients with
AD, the cost of caregiver informal care was the largest
cost component at baseline (see Fig. 2), accounting for
about half to just over 60% of the total monthly societal
costs, depending on country and AD severity group,
and increasing with AD severity. If the longitudinal
data support this finding, it will be important to understand what drives these informal care costs in each
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Fig. 2. Monthly mean costs (euros, D ) at baseline for each of the four cost components associated with Alzheimer’s disease (AD) by AD severity
(mild, moderate, moderately severe/severe) for France, Germany, and UK. *p value for comparison between severity groups (ANOVA) of total
monthly societal costs (value in italics above each column). † UK costs were converted from pounds sterling to euros using the conversion rate
£1 = euros 1.1661. Note: supervision time is excluded from caregiver time in the caregiver informal care cost calculation. The value above each
column is the mean total monthly societal costs. This value is not the sum of the individual components; it is calculated for those who have data
for all four cost components. Each of the individual cost components is calculated for those with non-missing data (the number with missing
data ranged between 0 and 2 for each cost component and for each level of disease severity). The n value given under each column is the total
number of patients in each cohort. Mod Sev/Sev, moderately severe/severe.

country so that appropriate resources can be allocated
to provide support and interventions for caregivers; this
may improve the health and well-being of both caregivers and patients, and could buffer the cost of care for
the health system by delaying institutionalization [3].
Resource utilization by patients at baseline was low
(see Table 4) due to the one-month data collection
period and this was reflected in the relatively low
patient health care and social care costs, which together
accounted for less than half of the total costs in each
AD severity group in each country. The one-month data
collection period impacted less frequent events, such
as hospitalizations and secondary care appointments,
with a bias toward under-reporting likely leading to
an underestimation of direct health care costs. However, if outpatient visits usually take place shortly after
a hospitalization, data capture in the 1-month period
may over-represent outpatient visits and lead to an
overestimation of direct costs. Follow-up data will provide more accurate assessment of resource use over
longer time periods and enable a better understanding
of how dementia care patterns differ between countries.
Figure 2 shows that patient health care costs in the UK

were lower at all levels of AD severity, compared with
the other two countries. These between-country differences may be due to differences in resource use and
in the unit costs applied for health care resources used
(see Supplementary Table 1). Additionally, medication
costs were generally lower in the UK than in France
or Germany. Our findings are in line with the different patterns of health and social care costs reported for
these three countries by Luengo-Fernandez et al. [15].
We used the RUD to measure resource utilization
and caregiver time in all three countries, and this
standardized instrument has been shown to accurately
assess time spent by caregivers giving informal care
to AD patients [40]. Prospectively collected data on
resource use from longitudinal studies, such as the
GERAS study, are needed to see whether changes
in patients’ activities of daily living, identified as the
most important predictor of societal costs of care for
community-dwelling patients across different countries [12], are associated with changes in costs with
disease progression.
The RUD also collects caregiver resource use data
which are included in the societal viewpoint. Although

396

A. Wimo et al. / GERAS Study Design, Baseline Costs and Resource Use

caregiver resource use cannot always be classified as
a consequence of AD, it was a very small component
of total costs in each AD severity group at baseline in
the GERAS study. Changes in caregiver resource use
over time will be monitored to understand the impact
of increasing AD severity on caregiver resource use.
Our results indicate that the main driver for differences in country total societal costs is likely to be
informal care and how it is measured and given a
value. Since unpaid care has no market value, there
is a considerable variability in the costing of informal
caregiver time [7, 41]. Methods such as a lost productivity approach or a replacement cost approach are
commonly used. Caregiver time costs were based on
each country’s national average hourly wage, which
was lower in the UK than in France and Germany
(see Table 1). Despite this, the informal care costs
for patients with mild AD severity were highest in
the UK (see Fig. 2), reflecting the higher number of
hours per month spent caring for this patient group
in the UK, compared with France and Germany (see
Fig. 1). For patients with moderate AD or moderately
severe/severe AD, informal care costs were highest in
Germany and lowest in France. Since the unit costs
applied for informal care were similar in France and
Germany, the differences in informal care costs are
likely due to country differences in caregiver estimates
of time spent caring.
Quantifying caregiver time is problematic and the
assessment of aspects of caregiver time, such as instrumental activities of daily living, varies across cultures
[4]. In the primary cost analysis, we excluded supervision time because caregivers find it difficult to quantify
exactly how many hours they spend on supervision,
since it can be combined with activities of daily living, such as watching television [19], and estimates
vary substantially between countries [42]. Nevertheless, we found that supervision time is a significant
part of caregivers’ activities and was the largest component of overall caregiver time in both France and
Germany, but accounted for slightly less caregiver time
than ADL-instrumental in the UK (see Fig. 1).
Giving a value to informal care time is also problematic because not all caregivers make economic
sacrifices to provide informal care for people with
dementia living at home [43]. For this reason, we
applied different costs to informal care time for working and non-working caregivers in the primary analysis
and these hourly costs are, thus, weighted to represent
the proportions of those contributing to care. Variables
related to caregiver time among working caregivers
(23.8% of the overall population), as seen in Table 5,

suggested a loss of earnings from employment because
of their role as a caregiver. As most of the non-working
caregivers had reached retirement age or taken early
retirement, we assumed that only their leisure time was
restricted due to care provision. Valuation of leisure
time is more problematic, but one frequently used
approach is to use travel time estimates from which
the figure of 35% of the country-specific average wage
was derived [12, 36].
Since a wide range of methods have been used to
estimate costs in AD [44] and there is no consensus on
the best method to use for costing informal care time
[4], we performed two sensitivity analyses that both
included supervision time in the calculation of informal care time. As expected, informal care costs were
higher in all three countries when supervision time
was included in the lost productivity cost calculation
(sensitivity analysis 1). Consequently, the total societal costs were higher than in the base-case analysis.
Likewise, the cost of caregiver informal care increased
when it was calculated using full replacement costs
(sensitivity analysis 2), but was lower than in sensitivity analysis 1. Thus, despite using different methods to
estimate its value, informal caregiver time was the main
cost driver in community-dwelling patients with AD.
However, the methods used to measure caregiver time
and calculate costs together with the specific unit costs
applied in each country can considerably influence the
differences in costs between countries.
There were some differences between countries in
the characteristics of the GERAS population at baseline. Overall, patients in France and the UK were older
than those in Germany; this enrollment of different
ages may reflect the between-country differences in
investigator specialty. However, within each country,
there was no difference in patient age across AD severity groups. There were fewer women recruited into the
study (55% overall) than might be expected because
the incidence of AD among persons aged 60–80 years
is higher in women than in men [45]. Previous observational studies of patients with AD living in the
community found about two-thirds were women [42,
46, 47, 48].
The study has several limitations that potentially
introduce selection bias and influence the external
validity of the study. The participating patients were
a clinic-based cohort (not a population-based sample) who use formal care (e.g., sought and received
a diagnosis, attend memory clinics) but were still living in the community, with an informal caregiver and
felt able to participate in the study. This will limit
the external validity of the results as the sample from
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this prospective observational study will not be fully
representative of all AD patients living in the community. Also, because the study centers were mostly
specialist centers (memory clinics), the frequency of
users of AD medications (AChE inhibitors and/or
memantine) may be an overestimate.
Another limitation of the study is that the stratification of costs by disease severity was based on MMSE,
and different cut-offs for mild, moderate, and moderately severe/severe disease have been used in other
studies [9], making comparisons difficult. We used a
MMSE <15 to define moderately severe/severe AD,
which was a pragmatic approach to enable us to enroll
sufficient patients with more severe disease living in
the community. Although 185 patients (40% of the
moderately severe/severe group) had a MMSE score
of <10, the cut-offs used in the GERAS study may
bias the moderately severe/severe AD group toward
less affected people, so it may not be representative
of patients with more severe AD living in the community, and the costs for this group are likely to have been
underestimated.
The differences in patient characteristics between
AD severity groups in each country may have confounding effects on resource utilization and associated
costs, but these have not been taken into account in the
current analysis. Finally, cultural differences between
countries regarding the care of patients with AD, as
well as differences in health care systems, means that
the resource utilization and cost data from the three
countries in the GERAS study may be problematic to
extrapolate to other countries.
In conclusion, the baseline findings from the
GERAS study clearly showed that the country-specific
total societal costs increase as AD severity worsens.
Total societal costs were higher in Germany than in
France or the UK for both moderate AD and moderately severe/severe AD, but in all countries caregiver
informal care costs were the major cost component
at all levels of AD severity. The longitudinal nature
of this study will provide important information on
disease progression, resource use estimates and costs
for modeling the cost-effectiveness of AD treatments,
including interventions to slow disease progression and
contribute to the discussion on the international transferability of cost and utilization figures.
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