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Abstract.
Background: Impact of Alzheimer’s disease (AD) progression on patient health-related quality of life (HRQoL), caregiver
time, and societal costs is not well characterized in early AD.
Objective: To assess the association of change in cognition with HRQoL, caregiver time, and societal costs over 36 months,
and estimate the impact of slowing disease progression on these outcomes.
Methods: This post-hoc analysis included patients with amyloid-positive mild cognitive impairment (MCI) and mild AD
dementia (MILD AD) from the 36-month GERAS-US study. Disease progression was assessed using the Mini-Mental State
Examination score. Change in outcomes associated with slowing AD progression was estimated using coefficients from
generalized linear models.
Results: At baseline, 300 patients had MCI and 317 had MILD AD. Observed natural progression over 36 months was
associated with: 5.1 point decline in the Bath Assessment of Subjective Quality of Life in Dementia (BASQID) score (for
HRQoL), increase in 1,050 hours of total caregiver time, and $8,504 total societal costs for MCI; 6.6 point decline in the
BASQID score, increase in 1,929 hours of total caregiver time, and $12,795 total societal costs for MILD AD per person.
Slowing AD progression by 30% could result in per person savings in HRQoL decline, total caregiver time, and total societal
costs: for MCI: 1.5 points, 315 hours, and $2,638; for MILD AD: 2.0 points, 579 hours, and $3,974.
Conclusions: Slowing AD progression over 36 months could slow decline in HRQoL and save caregiver time and societal
cost in patients with MCI and MILD AD.
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INTRODUCTION

In the United States (US), an estimated 6.7 mil-
lion older adults are living with Alzheimer’s disease
(AD) in the year 2023 [1]. In 2021, AD was the sev-
enth leading cause of death and among the top causes
of disability and debility among patients aged ≥ 65
years [1, 2]. AD and other dementias are associated
with significant healthcare costs, estimated to be $345
billion in 2023 [1]. With an increasing older popula-
tion, the number of patients with symptomatic AD in
the US is projected to double by 2060, and the total
annual healthcare costs are projected to increase to $1
trillion (2023 estimates) by 2050 [1]. In addition, AD
continues to impose a huge societal burden in the US,
with unpaid informal care (by caregivers) amounting
to approximately 18 billion hours, valued at $339.5
billion in 2022 [1].

In patients with AD, progression from early AD
(mild cognitive impairment [MCI] due to AD or
mild dementia due to AD [MILD AD]) to late-stage
disease over several years leads to greater loss in cog-
nition and function, resulting in increased care needs
for patients, increased costs, and greater caregiver
burden [3, 4]. The current standard of care treatments
for AD target the symptoms rather than the underly-
ing biomolecular factors, and the duration of benefit
is inconsistent [5–7].

In recent clinical studies, amyloid-targeting mon-
oclonal antibodies have demonstrated slowing of AD
progression rates [7–12], with two amyloid-targeting
therapies currently approved by the US FDA for
the treatment of patients with early AD [13, 14].
As AD is a progressive condition, slowing its pro-
gression might preserve the time in earlier stages of
disease when caregiver burden and costs are lower.
With these recent developments in the AD treatment
landscape [13, 14], it is important to understand the
potential impact of slowing disease progression on
quality of life (QoL), caregiver outcomes, and costs
[15].

GERAS-US (NCT02951598) was a 36-month,
US-based, prospective, longitudinal cohort study,
which investigated clinical and economic outcomes
in patients with early AD (amyloid-positive patients
with MCI or MILD AD) receiving usual care. The
study demonstrated higher total societal costs per
month and caregiver burden in MILD AD com-
pared to MCI over 36 months [16]. However, as
the study was conducted prior to the approval of
amyloid-targeting monoclonal antibodies [13, 14],
it did not evaluate the impact of slowing AD pro-

gression on patient and caregiver outcomes. Reported
studies of lecanemab and aducanumab have demon-
strated positive impact of slowing disease progression
on health-related QoL (HRQoL) and caregiver bur-
den [17–19]. The aim of this real-world study, in
patients with amyloid-positive MCI or MILD AD,
was to determine the impact of disease progression on
patients’ HRQoL, caregiver time, and societal costs,
and the potential impact of slowing AD progres-
sion by 20% to 30%. Slowing of AD progression by
20%–30% was based on treatment effects reported in
recent clinical trials with amyloid-targeting therapies
versus placebo [9, 10, 19, 20].

MATERIALS AND METHODS

Study design and data source

The current study was a post-hoc analysis con-
ducted using the data from the GERAS-US study,
conducted between 29 October 2016 and 30 January
2021. Patients with early AD and their study part-
ners were enrolled in GERAS-US study between 30
October 2016 and 9 October 2017 [16, 21].

In the GERAS-US study, patient data were col-
lected during routine visits with their healthcare
provider through clinician interviews and study part-
ner surveys. Patients underwent amyloid testing to
increase the diagnostic certainty of AD. Patients were
grouped into two cohorts based on their Mini-Mental
State Examination (MMSE) and Functional Activi-
ties Questionnaire (FAQ) scores – MCI (MMSE 24
to 30 and FAQ < 6) and MILD AD (MMSE 20 to 30
and FAQ ≥ 6) [22]. Following enrollment, the par-
ticipants were observed at six-month intervals until
they reached 36 months of participation [21]. Sup-
plementary Figure 1 summarizes the study design
and numbers of patients completing assessments at
various time points.

The GERAS-US study was conducted in accor-
dance with the Declaration of Helsinki, Council
for International Organizations of Medical Sci-
ences International Ethical Guidelines, International
Council for Harmonization-Good Clinical Practice
guidelines, and applicable laws and regulations [16,
21]. As the protocol for the GERAS-US study
was approved by central or site-specific Institutional
Review Boards and allows for post-hoc analyses,
the current study did not require additional ethics
approval.
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Study population

Amyloid-positive patients with MCI or MILD
AD from the GERAS-US study were included in
this study (full analysis set, N = 617). At baseline,
patients were aged between 55 to 85 years (inclusive),
had an MMSE score of ≥ 20, had a study partner
residing or in close contact with them, and tested
amyloid-positive in prior amyloid tests or based
on a florbetapir positron emission tomography scan
received through the investigator. Further details of
the study population have been described previously
[21]. For the outcome analyses, we further required
that participants had both MMSE and outcomes mea-
sured at baseline and month 36 (outcome analysis
set, n = 222). Supplementary Figure 2 illustrates the
patient disposition in MCI and MILD AD groups
study population for these analyses.

Outcomes and assessments

Disease progression measurements
Disease progression was measured by the MMSE

score [23], assessed at baseline, 6, 12, 18, 24, 30, and
36 months. MMSE is a commonly used investigator-
rated measure of cognition in dementia. The range for
the total MMSE score is 0 to 30, with higher score
indicating better cognition. Participants with baseline
and at least one post-baseline MMSE measurement in
the full analysis set were utilized to estimate disease
progression.

Outcomes
The outcomes in this study included change in

HRQoL (BASQID), total caregiver time, and total
societal costs over 36 months. The impact of dis-
ease progression on these outcomes was assessed
in participants who had both MMSE and outcome
measurements at baseline and month 36 (outcomes
analysis set). HRQoL in patients was assessed at
baseline, 12, 24, and 36 months using the Bath
Assessment of Subjective Quality of Life in Demen-
tia (BASQID) scale, a 14-item, self-reported measure
of HRQoL for people with mild to moderate demen-
tia [24]. This measure was developed to capture the
experience, perception, and beliefs of people with
dementia and contributes an important dimension to
our understanding of the patients’ overall health when
considered in conjunction with clinical measures of
disease progression. The scores on the BASQID scale
range from 0 to 100, with higher scores indicating
better HRQoL [24].

Caregiver time and total societal costs in the
GERAS-US study were assessed using the Resource
Utilization in Dementia (RUD) questionnaire [25,
26]. The data were collected through structured inter-
views of the patients and their study partners at
baseline and at follow-up. The RUD questionnaire
was administered at baseline, 6, 12, 18, 24, 30, and
36 months. Caregiver time (hours/month) was esti-
mated by data provided by caregivers on time spent:
i) assisting patients with basic activities of daily liv-
ing (ADL) such as using the toilet, eating, dressing,
grooming, walking, and bathing; ii) assisting patients
with instrumental ADLs such as shopping, cooking,
housekeeping, laundry, transportation, taking med-
ication, and managing finances; and iii) providing
supervision in the 30 days prior to each assessment.
The total caregiver time (hours/month) was the sum
of time, in hours, spent assisting the participant with
basic ADLs, instrumental ADLs, and supervising
the subject, and was capped at 540 hours per month
accounting for 6 hours of sleep per day for all care-
givers. The total caregiver time in hours per day
(hours/day) was calculated by dividing the total care-
giver hours per month by 30. For months that the
RUD questionnaire was not administered, last obser-
vation carried forward [27] was used to impute the
missing total caregiver time at each month between
two visits [28] among participants with both baseline
and month 36 measurements. The total caregiver time
over 3 years (hours/3 years) was calculated by adding
monthly total caregiver time over 36 months.

Total societal costs ($/month) included four
components: direct medical costs for patients (medi-
cation, hospitalization, emergency department, and
outpatient visits) and study partners (medication,
hospitalization, emergency department, and outpa-
tient visits), direct non-medical costs for patients
(accommodation, community service, and consum-
able goods), and indirect non-medical resources for
study partners (caregiver time taken or work lost
in caregiving) in the 30 days prior to each RUD
assessment (Supplementary Figure 3) [16]. Costs
($/month) were computed by multiplying resources
(RUD items and additional data collected on financial
assistance, out-of-pocket expenses, and neuropsy-
chological assessments) by uniformly applied cost
units. Any unit costs not reported in 2017 values
were adjusted to $USD 2017 using consumer price
index (CPI) data from the US Bureau of Labor Statis-
tics (US Bureau of Labor Statistics 2017). The prices
were adjusted to year 2020 by multiplying a CPI infla-
tion factor of 1.06 [29]. As with the total caregiver
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time, the total societal costs over 36 months were
derived as the sum of monthly costs using the last
observation carried forward imputation.

The potential impact of reduction in the natural
disease progression rate by 20%, 25%, and 30% [9,
10, 19, 20] on the patients’ HRQoL, total caregiver
time, and total societal costs was estimated over 36
months.

Statistical analysis

Demographics and baseline characteristics for the
patients (overall, MCI, and MILD AD groups) and
study partners were summarized descriptively based
on the non-missing observations. Continuous vari-
ables were summarized using mean and standard
deviation (SD). Categorical variables were summa-
rized using counts and percentages. Comparisons
between the patient groups were performed using t-
test for continuous data and Fisher’s exact test for
categorical data.

To describe the disease progression, the change
in MMSE score from baseline to 36 months was
analyzed using mixed model repeated measures
(MMRM), which provides robust inference even in
case of missing data. All participants with a baseline
and at least one post-baseline MMSE measurement
were included in the analysis. The model included
the fixed effects of patient group at baseline (MCI
and MILD AD), visit, and patient group at baseline-
by-visit interaction. As the unit of analysis focused on
the change in MMSE score from baseline (rather than
the absolute score at each visit), baseline AD sever-
ity level (MCI and MILD AD) was automatically
included as a covariate, thereby negating the need
for including baseline demographics in the model
[27, 28]. Least square mean change (LSMC) from
baseline to 36 months and 95% confidence intervals
(CI) were used for potential clinical outcome savings
(e.g., caregiver time savings and total societal costs)
resulting from slowing AD progression by 20% to
30%.

Participants who had both MMSE and outcome
measurements at baseline and 36 months post-
baseline were included in the outcome analyses. For
the BASQID score, a linear regression model was
used to estimate the relationship between change
in the MMSE (20%–30% reduction, independent
variable) and change in the BASQID (dependent vari-
able) over 36 months adjusting for baseline value,
age, number of comorbidities, and study partner rela-
tionship. The generalized linear model (GLM) with

normal distribution was used to estimate the rela-
tionship between change in the MMSE (20%–30%
reduction) for total caregiver time and with log link
and gamma distribution for total societal cost over
36 months. The models included baseline MMSE,
change in MMSE from baseline to 36 months, age,
number of comorbidities, and study partner relation-
ship. Separate models were developed for MCI and
MILD AD. The savings in all outcomes over 36
months were estimated based on LSMC in MMSE,
coefficients and 95% CI of MMSE change from base-
line to 36 months from above models. All estimates
were evaluated based on a 2-sided significance level
of 0.05 for all analyses. The 95% CIs were provided
for all estimates. No adjustments for multiplicity
were made. Analyses were performed using Statis-
tical Analysis Software Version 9.4 (SAS Institute
Inc., Cary, NC, USA).

To maximize the generalizability of our findings,
we used the larger sample of all participants with
baseline and at least one post-baseline MMSE mea-
surement in the full analysis set to estimate disease
progression. However, to assess the potential impact
of selection bias given the high rate of missing MMSE
data over the 36 months, we repeated the analyses
using disease progression estimates derived using
only those participants with MMSE measurements
at 36 months (outcomes analysis set) by way of a
sensitivity analysis.

RESULTS

Of the 617 with amyloid-positive early symp-
tomatic AD in the longitudinal cohort, 300 were MCI
and 317 were MILD AD participants (the full analysis
set). The study completion rates were 57.3% (n = 172)
for MCI and 54.0% (n = 171) for MILD AD groups,
respectively. Reasons for study discontinuation com-
monly included patient withdrawal, patient loss to
follow-up, and study partner withdrawal. In MCI and
MILD AD groups, 8 (6.3%) and 12 (8.3%) patients
discontinued the study due to death, respectively.
However, the outcome analysis set only comprised
of those who completed the study and had measure-
ment of MMSE and outcomes at baseline and month
36 (n = 108 MCI and n = 114 MILD AD). For some
participants who completed the study, their 36 month
follow-up visit was captured by phone (frequently
due to restrictions imposed by the COVID pandemic)
and MMSE could not be captured. Those participants
could not be included in the outcomes analysis.
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Table 1
Demographic characteristics – patients (full analysis set)

Characteristic Total (N = 617) MCI (n = 300) MILD AD (n = 317) p∗

Sex, n (%) 1.000
Female 325 (52.7) 158 (52.7) 167 (52.7)
Male 292 (47.3) 142 (47.3) 150 (47.3)

Age at index date (y), mean (SD) 71.0 (7.8) 70.3 (7.4) 71.7 (8.0) 0.030
Race, n (%) 0.969

White 538 (87.2) 259 (86.3) 279 (88.0)
Black or African American 63 (10.2) 33 (11.0) 30 (9.5)
Asian 10 (1.6) 5 (1.7) 5 (1.6)
American Indian or Alaska Native 4 (0.6) 2 (0.7) 2 (0.6)
Multiple 2 (0.3) 1 (0.3) 1 (0.3)

Education, n (%) <0.001
Less than high school 165 (26.8) 51 (17.1) 114 (36.1)
High school or above 442 (71.9) 246 (82.3) 196 (62.0)

Work status, n (%) 0.003
Yes 96 (15.6) 61 (20.4) 35 (11.1)
No 513 (83.4) 236 (78.9) 277 (87.7)

Living situation, n (%) 0.032
Non-institutionalized 154 (67.2) 73 (76.0) 81 (60.9)
Limited home care 55 (24.0) 16 (16.7) 39 (29.3)
Adult home care 13 (5.7) 6 (6.3) 7 (5.3)

Long term/permanent institutionalization 5 (2.2) 0 5 (3.8)
Number of comorbidities, median (min, max) 2 (0, 8) 2 (0, 6) 2 (0, 8) 0.779
Comorbidities, n (%)

Depression 204 (33.1) 94 (31.3) 110 (34.7) 0.393
Sleep disorder 131 (21.2) 59 (19.7) 72 (22.7) 0.376
Diabetes 148 (24.0) 75 (25.0) 73 (23.0) 0.573
Coronary artery disease 62 (10.0) 28 (9.3) 34 (10.7) 0.594
Hypertension 385 (62.4) 191 (63.7) 194 (61.2) 0.561

Receiving AD medication, n (%) 260 (42.1) 146 (48.7) 114 (36.0) 0.001
Time since AD diagnosis (y), mean (SD) 1.2 (1.8) 1.0 (1.3) 1.5 (2.2) <0.001
Time since first symptoms, mean (SD) 3.0 (2.8) 2.7 (2.4) 3.2 (3.0) 0.018
MMSE, mean (SD) 25.9(2.8) 27.4(1.8) 24.4(2.8) <0.001
CFI, mean (SD) 55.6 (16.0) 47.0 (14.0) 63.7 (13.4) <0.001
Total caregiver time (h/day), mean (SD) 4.3 (5.3) 2.3 (3.6) 6.2 (5.8) <0.001
Total cost/month, mean (SD) 3269.2 (6032) 2430.3 (3584) 4063.0 (7581) <0.001
ZBI, mean (SD) 16.7 (14.8) 12.4 (13.4) 20.8 (14.9) <0.001
BASQID, mean (SD) 57.1 (20.3) 64.7 (18.5) 49.8 (19.2) <0.001

AD, Alzheimer’s disease; BASQID, Bath Assessment of Subjective QoL in Dementia; CFI, Cognitive Function Instrument; Max, maximum;
MCI, mild cognitive impairment due to AD; MILD AD, mild dementia due to AD; Min, Minimum; MMSE, Mini-Mental State Examination;
N, number of patients in the analysis population; n, number of patients in the specified category; SD, standard deviation; ZBI, Zarit Burden
Interview. ∗p-value is from t-test for continuous variables and from Fisher’s exact test for categorical variables between MCI and MILD AD
groups based on non-missing observations.

Baseline demographics and
characteristics:patients and study partners

For the 617 patients included in the full analy-
sis set (300 MCI and 317 MILD AD), mean (SD)
age was 71.0 (7.8) years and 52.7% were females
(Table 1). Compared with the MCI group, the MILD
AD group had older patients (mean [SD] age 71.7
[8.0] versus 70.3 [7.4] years, respectively), fewer
patients with high school or above education (62.0%
versus 82.3%, respectively), and fewer patients who
were working (11.1% versus 20.4%, respectively)
(Table 1). Patients with MILD AD had longer mean

(SD) duration of AD diagnosis (1.5 [2.2] versus
1.0 [1.3] years, respectively), and longer time since
first symptom compared with the MCI group. How-
ever, fewer patients in the MILD AD group were
taking medication for AD compared with the MCI
group (36.0% versus 48.7%, respectively). In general,
baseline demographics and characteristics in the full
analysis set and outcome analysis set were similar
(Supplementary Table 1).

For the corresponding 617 study partners in the
study, the mean (SD) age was 59.5 (15.4) years,
66.9% were females, and most were spouses (45.1%)
(Table 2). For the 222 study partners of patients in
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Table 2
Demographic characteristics – study partners

Characteristic Total (N = 617) MCI (n = 300) MILD AD (n = 317) p∗

Sex, n (%) 0.021
Female 413 (66.9) 187 (62.3) 226 (71.3)
Male 204 (33.1) 113 (37.7) 91 (28.7)

Age at index date (y), mean (SD) 59.5 (15.4) 59.7 (15.9) 59.3 (14.9) 0.791
Education, n (%) <0.001

Less than high school 115 (18.7) 33 (11.0) 82 (25.9)
High school graduate 117 (19.0) 49 (16.4) 68 (21.5)
Some college 156 (25.4) 78 (26.1) 78 (24.7)
College or above 225 (36.6) 138 (46.2) 87 (27.5)

Study partner relationship, n (%) 0.117
Spouse 278 (45.1) 144 (48.0) 134 (42.3)
Sibling 37 (6.0) 14 (4.7) 23 (7.3)
Child 161 (26.1) 70 (23.3) 91 (28.7)
Friend 81 (13.1) 46 (15.3) 35 (11.0)
Other 60 (9.7) 26 (8.7) 34 (10.7)

Study partner resides with patient, n (%) 423 (68.6) 196 (65.3) 227 (71.6) 0.100
Number of caregivers in addition to study partner, n (%) 0.001

Zero 391 (63.4) 212 (70.7) 179 (56.5)
One 166 (26.9) 67 (22.3) 99 (31.2)
More than one 60 (9.7) 21 (7.0) 39 (12.3)

AD, Alzheimer’s disease; MCI, mild cognitive impairment due to AD; MILD AD, mild dementia due to AD; N, number of study partner in
the analysis population; n, number of study partner in the specified category; SD, standard deviation. ∗p-value is from t-test for continuous
variables and from Fisher’s exact test for categorical variables between MCI and MILD AD groups based on non-missing observations.

the outcome analysis set, baseline demographics and
characteristics are presented in the Supplementary
Table 2.

Disease progression over 36 months

As measured by MMSE, disease progressed over
time in both the MCI and MILD AD groups. At base-
line, the mean (SD) MMSE score was 27.4 (1.8) in
the MCI and 24.4 (2.8) in MILD AD groups (Table 1).
Decline in the MMSE score from baseline to 36
months was significant in both groups (p < 0.001)
(Fig. 1). At 36 months, the MILD AD group had
a significantly greater decline in MMSE compared
with the MCI group (LSMC [95% CI] –4.1 [–4.9,
–3.4] versus –2.1 [–2.9, –1.3]; LSMC difference: 2.0
[–3.2, –0.9], p < 0.001).

Outcomes over 36 months

HRQoL: BASQID
From baseline to 36 months, the mean (SD)

BASQID score decreased in both groups (MCI: 64.7
[18.5] to 56.2 [21.3]); MILD AD: 49.8 [19.2] to
37.4 [24.5]) (Fig. 2A). When change from baseline
to 36 months was analyzed using MMRM, the MCI
group had a statistically similar decrease in QoL com-
pared with the MILD AD group (LSMC [95% CI]

Fig. 1. Disease progression measured by MMSE: LSMC baseline
to 36 months. AD, Alzheimer’s disease; CI, confidence interval;
MCI, mild cognitive impairment; MILD AD, mild dementia due
to AD; LSMC, least squares mean change (from MMRM model);
MMRM, mixed model repeated measures; MMSE, Mini-Mental
State Examination. p ≤ 0.001 at month 36, calculated from t-test
for comparing MCI and MILD AD.

BASQID score: –4.8 [–7.6, –2.0] versus –7.3 [–10.0,
–4.5], LSMC difference at 36 months: –2.4 [–6.4,
1.5], p = 0.22) (Supplementary Figure 4).

Caregiver time: RUD
From baseline to 36 months, the mean (SD)

total caregiver time in hours per day increased in
both groups (MCI: 2.3 [3.6] hours/day to 3.8 [4.8]
hours/day; MILD AD: 6.2 [5.8] hours/day to 8.8
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Fig. 2. HRQoL (BASQID), caregiver time, and societal costs at baseline and 36 months. AD, Alzheimer’s disease; BASQID, Bath Assessment
of Subjective Quality of Life in Dementia; HRQoL, health-related quality of life; MCI, mild cognitive impairment; MILD AD, mild dementia
due to AD; RUD, Resource Utilization in Dementia questionnaire; SD, standard deviation; USS, United States dollar. ∗Scored from 0 to
100: higher scores indicate better QoL. Caregiver time capped at 540 hours/month.

[6.6]) (Fig. 2B). When the change from baseline to 36
months was analyzed using MMRM, the MCI group
and MILD AD group had a similar increase in care-
giver time (LSMC [95% CI] RUD, hours/day: 1.2
[0.5, 2.0] versus 1.0 [0.3, 1.8], LSMC difference at
36 months: 0.2 [–0.9, 1.3], p = 0.743).

Total societal costs: total, direct and indirect
costs

At baseline, the total societal cost per month
(mean [SD]) for the MCI and MILD AD groups was
$2,430.3 (3,583.7) and $4,063.0 (7,580.9), respec-

tively. At month 6, the total societal cost declined to
$1,975.1 (2,332.6) for MCI and $3,066.9 (2,510.7)
for MILD AD. Total societal costs became more sta-
ble from 6 to 18 months. From 6 months to 36 months,
total societal costs in both groups increased modestly:
to $2,048.9 (2,536.3) in MCI and $3,396.2 (2,367.1)
in mild AD (Fig. 2 C).

Impact of change in MMSE on outcomes
The LSMC (95% CI) in MMSE from baseline to

36 months was –2.1 (–2.9, –1.3) for MCI and –4.1
(–4.9, –3.4) for MILD AD, which was described as
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observed progression. Potential savings in HRQoL,
total caregiver time, and total societal costs after slow-
ing AD progression by up to 30% are presented in the
following sections.

BASQID score
The mean (SD) baseline BASQID was 64.7 (18.5)

for the MCI and 49.8 (19.2) for MILD AD groups
(Table 1).

For the MCI group, the observed 2.1-point wors-
ening in MMSE was associated with a decrease of
5.1 (95% CI, 3.6, 6.6) points in the BASQID score
per patient at 36 months (equivalent to 7.9% [95%
CI 5.5%, 10.3%] worsening in HRQoL). Slowing
AD progression by 30% could lessen the impact on
HRQoL, with a 5.5% worsening on BASQID instead
of 7.9% (Table 3, Fig. 3A).

For the MILD AD group, the observed 4.1-point
worsening in MMSE was associated with a decrease
of 6.6 (95% CI, 4.0, 9.1) points in the BASQID score
per patient at 36 months (equivalent to a 13.2% (95%
CI, 8.0%, 18.3%) worsening in HRQoL). Slowing
AD progression by 30% could lessen the impact on
HRQoL, with a 9.2% worsening on BASQID instead
of 13.2% (Table 3, Fig. 3A).

We also present the results for slowing AD
progression by 20% and 25% in Table 3 and
Fig. 3A.

Total caregiver time
The mean (SD) total caregiver time over 36 months

was 3,877 (3,703) hours for the MCI and 8,398
(5,554) hours for MILD AD groups.

For the MCI group, the observed 2.1-point wors-
ening in MMSE was associated with an increase of
1,050 hours (95% CI, 740, 1,360) in total caregiver
time per patient over 36 months, when compared
with no disease progression (MMSE change from
baseline to 36 months equal to 0). This was equiv-
alent to a 27.1% (95% CI, 19.1%, 35.1%) increase
in total caregiver time. Slowing AD progression
by 30% could result in a savings of 315 hours
of caregiver time per patient: 735 hours [95% CI,
518, 952] for 30% slowing compared with 1,050
hours [95% CI, 740, 1,360] for observed disease
progression.

For the MILD AD group, the observed 4.1-point
worsening in MMSE was associated with an increase
of 1,929 hours (95% CI, 1,271, 2,587) in total care-
giver time per patient over 36 months. This was
equivalent to a 23.0% (95% CI, 15.1%, 30.8%)
increase in total caregiver time. Slowing AD progres-

sion by 30% could result in a savings of 579 hours of
caregiver time per patient: 1,350 hours [95% CI, 890,
1,811] for 30% slowing compared with 1,929 hours
(95% CI, 1, 271, 2,587] observed disease progression
(Table 4, Fig. 3B).

We also present the results for slowing AD
progression by 20% and 25% in Table 4 and
Fig. 3B.

Total societal costs
The mean (SD) total societal cost over 36 months

was $83,514 ($70,208) for the MCI group and
$121,234 ($63,742) for the MILD AD group (Fig. 4),
which was largely driven by indirect non-medical
costs incurred by study partners (MCI: $35,693,
MILD AD: $76,791), followed by direct medical
resources for patients (MCI: $31,990, MILD AD:
$30,739) (Fig. 4).

For the MCI group, the observed 2.1 points wors-
ening in MMSE was associated with an increase of
$8,504 (95% CI, $1,479, $16,108) in total societal
costs per patient over 36 months. This was equiva-
lent to a 10.2% (95% CI, 1.8%, 19.3%) increase in
total societal cost. Slowing AD progression by 30%
could result in a savings of $2,638 in total societal
cost per patient: $5,865 [95% CI, $1,033, $10,974]
for 30% slowing compared with $8,504 [95% CI,
$1,479, $16,108] for observed disease progression,
or $2,796 per patient with the prices adjusted to year
2020.

For the MILD AD group, the observed 4.1 points
worsening in MMSE was associated with an increase
of $12,795 (95% CI, $4,881, $21,206) in total societal
cost per patient over 36 months. This was equivalent
to a 10.6% (95% CI, 4.0%, 17.5%) increase in total
societal cost. Slowing AD progression by 30% could
result in a savings of $3,974 in total societal cost per
patient: $8,821 [95% CI, $3,396, $14,481] for 30%
slowing compared with $12,795 [95% CI, $4,881,
$21,206] for observed disease progression, or $4,212
per patient with prices adjusted to year 2020 (Table 4,
Fig. 3C).

We also present the results for slowing AD pro-
gression by 20% and 25% in Table 4 and Fig. 3C.

In the sensitivity analysis among participants with
both MMSE and outcomes measured at baseline and
month 36 (Supplementary Tables 3 and 4), the find-
ings are largely consistent with those from the larger
primary analysis sample. The estimated disease pro-
gression and the potential impact of slowing disease
progression were slightly smaller compared to the
primary analysis results.
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Fig. 3. Potential slowing of HRQoL decline and savings in total caregiver time and total societal costs with slowing of disease progression
over 36 months (by MMSE). AD, Alzheimer’s disease; BASQID, Bath Assessment of Subjective Quality of Life in Dementia; HRQoL,
health-related quality of life; MCI, mild cognitive impairment; MILD AD, mild dementia due to AD; MMSE, Mini-Mental State Examination;
RUD, Resource Utilization in Dementia questionnaire; vs, versus. All comparisons presented over 36 months are with natural progression.
Caregiver time capped at 540 hours/month.

DISCUSSION

This analysis of patients from the GERAS-US
study population with amyloid-positive early symp-
tomatic AD described the relationship between
cognitive decline and measures of patients’ HRQoL,
caregiver time, and societal costs. The findings of this
study are important as they add to the available evi-
dence from the GERAS-US study that reported an
increase in the total societal costs and caregiver bur-
den as the disease progresses over 36 months in an
early symptomatic AD population [16]. The current
study explored the estimated change in the HRQoL,
total caregiver time, and total societal costs if dis-
ease progression were to be slowed down by 20%
to 30%. This slowing in AD progression is similar
to the degree of slowing reported in clinical stud-
ies for anti-amyloid therapies currently approved or
in development for AD [7–12, 19, 20]. The consis-
tent findings between the sensitivity analysis and the
primary analysis, which was conducted on a larger
sample, highlight the robustness of the results. The
slower disease progression observed in participants
in the outcome analysis set may explain the slightly
smaller potential impact on health outcomes in the
sensitivity analysis. Describing the impact of slow-
ing disease progression in early symptomatic AD in
terms of outcomes that are meaningful for patients,
their caregivers and society in general, may help us to
understand more holistically the benefits of a poten-
tial disease-modifying treatment.

Patients with symptomatic AD progress from early
stages (MCI or MILD AD) to the later stages grad-
ually over a period of years and develop greater
symptom severity and dependence on others for care
with each stage [4, 30]. At present, the focus of AD

treatments is shifting from managing symptoms to
targeted therapy aimed at slowing the progression of
the disease [6]. Similar to what is reported in the liter-
ature regarding AD severity and decline in cognition
[31], this cohort of patients with early symptomatic
AD had a significant decline in cognition over 36
months as measured by the MMSE score. The cogni-
tive decline at 36 months in the MILD AD group
was significantly greater compared with the MCI
group, indicating that the rate of cognitive decline
accelerates as the disease advances. In the ICTUS,
a multicenter cohort study, 52%, 36% and 12% of
patients had slow (≤1-point decrease in MMSE per
year), intermediate (2 to 5 point decrease in MMSE
per year) and rapid (≥6 point decrease in MMSE per
year) cognitive decline, with higher cognitive dys-
function at baseline (ADAS-cog) strongly associated
with intermediate and rapid cognitive decline [32].

This study describes that HRQoL declines and the
need for caregiver hours increases over 36 months
in patients with biomarker-confirmed early symp-
tomatic AD. These findings are consistent with prior
literature showing that HRQoL continues to deterio-
rate and caregiver burden increases with increasing
disease severity in the later stages of disease [30,
33–35]. Of note, Mank et al. included patients with
PET and/or biomarker-confirmed early symptomatic
AD [30], similar to the current study [21]. We showed
that slowing AD progression by 30% has the poten-
tial to slow decline in HRQoL, reduce the need for
additional care partner hours, and allow the patient to
maintain some independence in carrying out every-
day activities longer, which are important treatment
goals for patients with early AD [36].

AD progression also leads to increased societal
costs, including direct (e.g., medical) and indirect
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Fig. 4. Mean total, direct, and indirect costs over 36 months. AD, Alzheimer’s disease; MCI, mild cognitive impairment; MILD AD,
mild dementia due to AD; n, number of patients in the specified category. All costs are presented as “per patient cost over 36 months”.
∗p-value < 0.001 (t-test).

(e.g., caregiver) costs [35, 37–44]. Factors associated
with increasing costs include: symptom progression
including neuropsychiatric symptoms, medical man-
agement of comorbidities, and increasing need for
resources to perform everyday activities, including
both formal services and informal care [16, 45, 46].
Direct caregiver medical costs (as mentioned in Sup-
plementary Figure 3) can also contribute to total
societal costs due to increase in caregiving time
and associated stress for caregivers [47], which may
potentially increase caregiver health costs. Caregiver
time and stress may increase with progression of
AD, leading to higher caregiver health costs espe-
cially in those who progress beyond the early stages
[47]. A previous study in Ireland demonstrated that
total costs related to AD and MCI are directly asso-
ciated with patient dependence and function, where
a 1-point improvement in patient functioning (on
Disability Assessment for Dementia scale) reduced
the total costs by D 417 and a 1-point increase in
dependence (on Dependence Scale) led to an increase
in cost by D 796 [46]. In the current study, there
was an initial decline in total societal costs from
baseline to 6 months, after which the mean total
societal costs remained relatively stable through 36
months in both groups. The initial decline in costs
was likely due to more efficient medical manage-
ment following definitive diagnosis at baseline, as
described in our previous study [26]. Overall, the

costs in the MILD AD group remained higher than
those in the MCI group. For the MCI and MILD
AD groups, the observed disease progression led to
increased total societal cost of $8,504 and $12,795,
respectively, compared to those with no progres-
sion. Indirect non-medical resource costs for study
partners (e.g., costs related to caregiver hours) con-
tributed greatly to the total societal costs, especially
in the MILD AD group. Compared with observed
progression, slowing AD progression by 30% over
36 months could result in total societal cost savings
in both MCI and MILD AD groups. This suggests
that slowing disease progression could lower overall
costs by reducing the need for additional caregiver
time or loss for caregivers due to loss of work. Fur-
thermore, this suggests that slowing AD progression
in earlier stages where costs and caregiver burden
are lower, could have greater impact in patients’
lives.

The early and accurate diagnosis of AD is
important for appropriate care planning, including
therapeutic intervention [36, 48]. Treatments that
slow disease progression, especially in the early
stages of AD, have the potential to provide more clin-
ical benefit [9, 10, 19, 20, 49, 50] by preserving the
patient’s cognitive and functional capabilities longer.
This, in turn, could slow decline in patient HRQoL
and result in potential savings in caregiver time and
total societal costs.
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Strengths and limitations

This study offers new insight into the potential
impact of slowing disease progression on patient
HRQoL, total caregiver time, and total societal costs
in individuals with biomarker-confirmed early symp-
tomatic AD under routine clinical care. Many prior
cohort studies in the literature did not perform
biomarker confirmation for amyloid status, and as
a result, may include a mixed sample of patients
with AD and non-AD dementias. Understanding the
progression from the earliest stages of symptomatic,
biomarker-confirmed AD will help characterize the
potential impact of disease-modifying therapies
when started in the earliest stages. Lastly, estimating
potential savings in cost and caregiver hours based
on slowing cognitive decline for both MCI and MILD
AD groups provides important insights on the benefits
of slowing AD progression.

Among the potential limitations of the study, rel-
atively modest decline in cognition and ability to
perform everyday activities in this cohort over 36
months could partly be due to the attrition of the
sicker patient/caregiver dyads. Thus, the results may
underestimate the actual decline in cognition that was
experienced by the original baseline cohort. In addi-
tion, as the population consisted of patients with early
AD enrolled in the GERAS-US study, the findings
may not be generalizable to all patients with AD.
We also observed larger-than-expected attrition dur-
ing the COVID-19 pandemic during the last year of
data collection, when many participants were home-
bound and unable to attend clinic visits. For those who
remained in the study, data were collected remotely
via a study partner, which led to missing data in the
MMSE score and other in-person assessments. Early
discontinuation, e.g., due to death in 3.2% of patients
overall, may limit the generalizability of our findings,
and result in failure to capture the cost of end-of-
life care. For patients to be included in the analysis,
we required that participants had both MMSE and
outcomes measured at baseline and month 36 for
the outcome analysis. This led to the exclusion of
patients who discontinued the study, resulting in a
smaller sample size and potentially underestimating
the total caregiver time and cost, and overestimat-
ing HRQoL. Furthermore, the outcome analyses were
carried out separately for MCI and MILD AD groups.
This stratification reduced the sample size, which
might lead to less stable estimates. In this study,
15.6% patients were working at baseline (20.4% in
MCI and 11.1% in MILD AD), which may sug-

gest that patient productivity loss costs are important;
however, they were not captured as part of this study.
Finally, our estimates of the impact of slowing disease
progression are based on counterfactual predictions
using observational data and should be confirmed
in randomized studies for disease-modifying treat-
ments.

Summary

The findings of this study showed decline in
patient HRQoL and increase in total caregiver time
and total societal costs in patients with biomarker-
confirmed early symptomatic AD over 36 months.
Based on modeled outcomes, slowing AD progres-
sion would be expected to result in less decline in
HRQoL and savings in caregiver time as well as
in total societal costs over 36 months. The use of
therapies to slow AD progression in the early symp-
tomatic stages offers patients the potential to preserve
HRQoL and maintain independence in performing
daily activities for longer periods of time, outcomes
that are meaningful to patients, their caregivers, and
society.
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