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Abstract.

Background: Alzheimer’s disease (AD) and mild cognitive impairment (MCI) have negative quality of life (QoL) and
economic impacts on patients and their caregivers and may increase along the disease continuum from MCI to mild, moderate,
and severe AD.

Objective: To assess how patient and caregiver QoL, indirect and intangible costs are associated with MCI and AD severity.
Methods: An on-line survey of physician-identified patient-caregiver dyads living in the United States was conducted from
June—October 2022 and included questions to both patients and their caregivers. Dementia Quality of Life Proxy, the Care-
related Quality of Life, Work Productivity and Activity Impairment, and Dependence scale were incorporated into the survey.
Regression analyses investigated the association between disease severity and QoL and cost outcomes with adjustment for
baseline characteristics.

Results: One-hundred patient-caregiver dyads were assessed with the survey (MCI, n=27; mild AD, n=27; moderate AD,
n=25; severe AD, n=21). Decreased QoL was found with worsening severity in patients (p <0.01) and in unpaid (informal)
caregivers (n=79; p=0.02). Dependence increased with disease severity (p <0.01). Advanced disease severity was associated
with higher costs to employers (p =0.04), but not with indirect costs to caregivers. Patient and unpaid caregiver intangible
costs increased with disease severity (p <0.01). A significant trend of higher summed costs (indirect costs to caregivers, costs
to employers, intangible costs to patients and caregivers) in more severe AD was observed (p <0.01).

Conclusions: Patient QoL and functional independence and unpaid caregiver QoL decrease as AD severity increases.
Intangible costs to patients and summed costs increase with disease severity and are highest in severe AD.
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INTRODUCTION

Over 55 million people worldwide live with
dementia, with a staggering proportion (~75% glob-
ally) remaining undiagnosed [1]. Alzheimer’s disease
(AD) is the leading cause of dementia and may con-
tribute to 60 to 70% of all cases [2]. In the United
States (US) alone, an estimated 6.7 million people
aged 65 years and older are living with AD in 2023,
and this estimate, driven by population aging, is pro-
jected to more than double to 13.9 million by 2060
[3, 4]. Similarly, the estimated number of people liv-
ing with mild cognitive impairment (MCI) due to any
cause is projected to rise sharply from 13.5 to 21.6
million over the same time frame [3].

Patients with AD experience a high burden of
disease including impaired cognitive function, wors-
ening psychological, physical, and social/relational
well-being, as well as declining function and inde-
pendence [5]. Declining mental and physical health
may negatively impact quality of life (QoL) in
patients with dementia [6]. Even individuals with
MCI who, by definition, do not have dementia and
associated functional impairment, may experience
diminished QoL compared to individuals without
cognitive impairment [7].

Beyond the clinical burden of disease, AD is asso-
ciated with considerable economic burden [4]. The
Alzheimer’s Association estimates that the total cost
of care (not including informal caregiving cost) for
AD and other dementias in the US to be $345 billion
dollars in 2023 [4]. Estimates of direct healthcare
costs (e.g., physician office visits, hospitalizations,
emergency services, skilled nursing care, and med-
ications) underestimate total cost burden as they do
not account for the indirect and intangible cost burden
from lost work productivity, negative QoL impacts,
informal/unpaid caregiving, or impact on caregivers
[8, 9]. In the US, approximately 70% to 75% of
people living with dementia receive support from
family or friend caregivers who fulfill their roles
in an “informal” or unpaid capacity [10, 11]. Care-
giving for dementia encompasses a broad spectrum
of tasks that span various aspects of care includ-
ing providing aid with basic activities of daily living
(ADL) such as bathing, dressing, grooming, feeding,
walking, and using the restroom [4]. Additionally,
caregiving may involve assisting with instrumental
ADL such as managing household tasks, meal prepa-
ration, transportation, shopping, addressing financial
and legal matters, and making necessary phone calls.
Caregivers also play a critical role in influencing

overall therapeutic management and improving med-
ication adherence, managing behavioral symptoms
such as wandering and anxiety, addressing other
coexisting health conditions, offering emotional sup-
port and a sense of security, as well as arranging for
paid care or supervised assistance when needed [4].
Notably, unpaid/informal caregiving (e.g., by fam-
ily and friends) in the US was estimated to total 18
billion hours in 2022—valued at $339.5 billion dol-
lars and approaching the 2023 estimate for direct cost
[4]. Preceding investigations have similarly found
that the magnitude of informal caregiving costs in
dementia approach the direct disease costs [12, 13].
Even among patients with MCI or mild demen-
tia due to AD, caregiving time has been found to
be the greatest overall cost driver [14]. The costs
of AD/dementia care are projected to surge in the
upcoming decades due to factors such as the aging
of the US population and increasing costs of care
[4,12,13, 15].

The dynamic nature of care and support required
for individuals afflicted by AD evolves in lockstep
with the progression of the disease itself, a phe-
nomenon well-acknowledged in the literature [16].
This characteristic underscores the importance of
comprehensively studying the multifaceted impacts
of AD. Concurrently, the QoL impacts and the eco-
nomic and clinical consequences of indirect and
intangible costs represent a progressive outcomes tra-
jectory over the AD spectrum, as patients transition
from MClI to varying levels of dementia severity. Con-
sidering this context, there are compelling reasons to
use surveys in AD research. Surveys play a crucial
role in helping clarify the complex links between AD
severity, QoL, and costs.

The indirect costs of AD in the US have not been
addressed across the full spectrum of disease [14].
Intangible costs of AD in the US have not been
assessed as these costs are difficult to quantify [17,
18]. Herein we surveyed patient-caregiver dyads in
the US with the aim to assess QoL impacts and
to estimate indirect and intangible costs along the
spectrum of AD. The outcome of this investigation
holds the potential to provide insights with practical
implications beyond academic exploration. It could
lead to improved care management, support systems,
and strategies for handling the full range of experi-
ences from MCI to different levels of AD severity.
By combining scientific rigor with practical benefits,
our efforts aim to advance knowledge and make a real
difference in the lives of both patients and caregivers
in the complex management of dementia care.
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METHODS
Study design and data source

An online survey was conducted from June to
October 2022 among physician-identified patient-
caregiver dyads living in the US. The survey included
tailored inquiries designed to separately collect
demographic and contextual details of the patients
and their caregivers. Complementing the tailored
inquiries, four validated questionnaires were inte-
grated into the survey framework, and encompassed:
1) the Dementia Quality of Life Proxy Question-
naire (DEMQOL-Proxy) [19-21], 2) the Care-related
Quality of Life-7 dimensions instrument (CarerQoL-
7D) [22, 23], 3) the Dependence Scale (DS)
questionnaire [24, 25], and 4) the Work Productivity
and Activity Impairment (WPAI) questionnaire [26].

Supplementary Table 1 delineates which survey
questions/components were for patients versus care-
givers. If a patient was unable to respond to their
survey inquiries (e.g., owing to their medical condi-
tion), the caregiver was solicited to provide responses
on behalf of the patient.

Study population

Patients were identified/recruited by physicians
providing community- and/or hospital-based care to
patients with MCI or AD in the US. These physi-
cians (including general practitioners, geriatricians,
and neurologists) were identified using third-party
entities (M3 Global Research Fort Washington, Penn-
sylvania, US, in partnership with Food & Drug
Research, Stamford, Connecticut, US). The selec-
tion process entailed screening existing Health Care
Provider panels to locate non-retired physicians
boasting a minimum of three years of professional
practice. Specifically, physicians currently engaged
in treating more than four patients diagnosed with
MCI or AD in the preceding three months were
approached to participate in identifying and recruit-
ing patient and caregiver participants for the ongoing
survey. Importantly, the identities of physicians,
patients, and caregivers remained concealed from
both the study sponsors and investigators, ensuring
a blinded approach throughout the process.

Inclusion criteria

Patients were required to have either MCI or AD
that had been diagnosed by their treating physician

at least 3 months prior to their participation in the
survey.

Criteria for diagnosis of MCI were either a special-
ist physician’s diagnosis, a clinical dementia rating
(CDR) total score of 0.5 [27], or a Mini-Mental State
Examination (MMSE) of > 24 [28]. Criteria for diag-
noses of mild, moderate, or severe AD were MMSE
scores of 21-24, 11-20, or < 10 respectively [29] or
CDR total scores of 1, 2, or 3, respectively [27, 30].

Patients were required to have a caregiver (i.e., a
family member, other informal caregiver, or formal
caregiver) who was primarily responsible for their
care for at least 3 months prior to the survey. Physi-
cians sent an online survey link to patients/caregivers
who fulfilled the study criteria. A similar distribution
of patients across the 4 disease categories (i.e., MCI,
mild AD, moderate AD, severe AD) was sought by
requesting a quota of n=25 per disease category as
an initial guide.

Ethical considerations

The study conformed with the Declaration of
Helsinki and was approved by the Western Insti-
tutional Review Board (WIRB)-Copernicus Group
Institutional Review Board (WCG IRB) in May 2022.
Participants (patients and caregivers) were asked to
consent online, prior to commencing the survey. Only
participants who provided informed consent were
prompted to answer survey questions. Figure 1 pro-
vides an overview of the survey methodology.

STUDY MEASURES
Baseline demographics

Baseline demographic data and pertinent con-
textual features, including the length of diagnosis,
presence of comorbidities, and the estimated Charl-
son Comorbidity Index (CCI) score were summarized
by disease severity (i.e., MCI and AD stages). A CCI
score was derived from a list of questions on comor-
bid conditions based on the approach outlined by
Habbous and colleagues (2013) [31].

Employment and productivity

Employment and productivity-related questions
included weekly earnings derived from sources
such as full- or part-time employment, gratu-
ities, bonuses, social security disbursements, rental
income, pension, annuities, and insurance remit-
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*  Physicians complete 5-min screener to confirm
study eligibility

*  Physicians complete 10-min patient selection
form to ensure patient and caregiver eligibility

*  Physicians email individual survey link to eligible
patients and their caregivers

Survey completion

* Informed consent is obtained prior to survey
initiation

* Patients and caregivers complete
online questionnaire?

Fig. 1. Survey methodology. *Patient questionnaire time ~30 min-
utes; caregiver questionnaire time ~45 minutes.

tances. Additionally, employment status, changes
in employment conditions for both patients and
caregivers, work replacement dynamics, and the
WPAI questionnaire, which specifically collected
data regarding missed workdays (applicable to care-
givers only), were included in the assessment.

Quality of life and dependence

Instruments measuring quality of life (QoL) and
patient dependence were completed by caregivers and
included the following:

Health-Related QoL for Dementia Patients:
This was evaluated through DEMQOL-Proxy scores,

ranging from 31 to 124. Higher scores indicated
enhanced QoL for patients [19-21].

Care-Related Quality of Life for Caregivers:
The CarerQoL-7D instrument consisted of seven
questions that gauged two positive dimensions (ful-
fillment and support) and five problem dimensions
(relational challenges, mental health, difficulties in
daily activities, financial concerns, and physical
health), with three response categories (‘no’, ‘some’,
‘a lot’). Additionally, a visual analogue scale (VAS)
was utilized to quantify the caregiver’s happiness,
with scores ranging from O to 10. Elevated scores
on the VAS corresponded to heightened levels of
happiness [22, 23].

Patient Caregiving Needs and Dependence Lev-
els: This dimension was evaluated via the DS,
spanning scores from O to 15. Here, higher scores sig-
nified greater levels of dependence for patients [24,
25].

The outcomes from both the QoL evaluations were
transformed into utilities [32, 33], representing the
poorest to the perfect health status, corresponding to
utilities of 0 to 1 respectively for the DEMQOL-Proxy
and 0 to 100 for the CarerQoL-7D.

Costs

Cost-related measures were calculated per patient
per month. Indirect costs to caregivers were defined
as the costs for unpaid (informal) caregiving services
and calculated using the opportunity cost method: for
each caregiver, the time of providing unpaid caregiv-
ing services was considered as a missed opportunity
of working for pay [34]. Thus, for caregivers who
had jobs/employment, the costs for unpaid care-
giver services were calculated by multiplying the
average hourly income of the caregiver (using the
weekly income and assuming a standard 35-hours
work week) with the total number of monthly hours
that the caregiver provided unpaid help to the patient;
the assumed hourly average gross national wage was
33.88 US dollars (USD) for part-time employees as
well as in cases where income was not provided [35].
For caregivers who did not have jobs/employment,
the value of lost leisure was calculated by multiply-
ing 35% of the average hourly income of the caregiver
with the total number of monthly hours that the care-
giver provided unpaid help to the patient (average
gross national daily wage was used if income was not
provided). Costs to employers were defined as costs
incurred due to absenteeism and having to replace
workers. The absenteeism costs assumed a standard
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35-hour work week and were calculated by mul-
tiplying the reported number of workdays missed,
acquired from the caregiver’s responses to the WPAI
instrument [26], with the average daily income [36].
The methodology considered the caregiver’s num-
ber of workdays missed in the past week due to
health-related concerns. Calculation of patients’ or
caregivers’ replacement cost involved doubling the
total income earned in the preceding year, provided
areplacement at work had been made; this value was
divided by 24 to obtain monthly replacement costs
[37].

Intangible costs are not well characterized in the
literature. We attempted to attach a monetary value
to QoL impacts and thus defined intangible costs to
patients and caregivers as costs attributed to loss in
QoL. These intangible costs were calculated using
the utility values derived from the DEMQOL-Proxy
for patients [32] and the CarerQoL-7D for caregivers
[33]. The health utility value of the patient or care-
giver was subtracted from the age-standardized health
utility value from the general US population [38] to
derive the estimate of utility reduction arising from
the disease or the caregiving role, respectively. Intan-
gible costs were calculated using the upper limit of the
Institute for Clinical and Economic Review’s 2023
willingness to pay threshold of $150,000 for one
quality-adjusted life year gained [39, 40].

The sum of all costs assessed in this analysis (i.e.,
indirect costs to caregivers, costs to employers, intan-
gible costs to patients and to caregivers) are referred
to as “summed costs”.

Statistical analyses

Baseline characteristics of the patients and care-
givers were summarized using descriptive statistics,
using number of observations (n) and percentage (%)
for categorical variables and n, mean with standard
deviation (SD), and median with interquartile range
(IQR) for summarizing continuous variables.

The association of between patient disease severity
and QoL or costs was assessed using multivari-
able linear regression analysis. The influence of
other baseline patient or caregiver characteristics on
QoL/costs was first explored using univariable lin-
ear regression models, and select interactions were
investigated. Variables from these univariable anal-
yses were then included in a full model if p-values
were <(.1; additional variables with the highest p-
values were subsequently eliminated to derive the
final model. The association between disease sever-

ity and each of the various QoL/cost parameters in
the final multivariable linear regression model was
considered significant if the Wald’s Chi-squared test
p-value was < 0.05. As a supportive analysis, the asso-
ciation between patients’ direct answers to 8 bespoke
QoL-related survey questions and DEMQOL-Proxy
scores (i.e., caregiver-reported patient QoL) was
assessed using linear regression models. Patients’
answers to QoL questions and DEMQOL-Proxy
scores were designated as independent and dependent
variables, respectively. For the association analy-
sis, patients’ answers were treated as continuous
variables (1="totally agree”, 2="somewhat agree”,
3="neither agree or disagree”, 4="somewhat dis-
agree”, 5="“totally disagree”).

Additionally, an analysis of caregiver QoL and
cost impacts was conducted in the subgroup of
unpaid/informal caregivers. Unpaid/informal care-
givers were defined as caregivers who identified
themselves as a spouse, other relative, or friend, but
not as “paid caregivers”.

All statistical analyses were conducted using SAS
(version 9.4 TSIMS).

RESULTS
Recruiting physicians

Over 200 physicians (all specialties) were
approached, of which 21 agreed to participate in
recruitment for the survey. A total of 15 physi-
cians provided links to the online survey to at
least 1 patient-caregiver dyad (corresponding to a
response rate < 7.5%). These 15 physicians included
12 primary care physicians (80.0%), 2 neurologists
(13.3%), and 1 geriatrician (6.7%). Most of the
recruiting physicians were based in the Northeast (8)
US region, followed by the Southeast (3), Midwest
(2) and 1 each in the Southwest and West.

Overview of survey respondents

Survey links were shared to 119 patients and 115
caregivers, ultimately resulting in participation of 100
patient-caregiver dyads who completed the survey
(with a response rate of 100/119 (84.0%) for patients
and 100/115 (86.9%) for caregivers). There were 27
patient-caregiver dyads for MCI and 27, 25, and 21
dyads for mild, moderate, and severe AD, respec-
tively. Whether responses to the patient survey were
provided by patients or their proxies/caregivers is
summarized in Supplementary Table 2, showing an
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increased proportion of proxy response with increas-
ing disease severity. The geographic distribution of
patient-caregiver dyads is summarized in Supple-
mentary Table 3.

Patient and caregiver characteristics

Socio-demographic characteristics and other clin-
ical/caregiving background data collected from
patients and their caregivers are summarized in
Table 1 and Supplementary Table 4, respectively.
More patients in the AD group were aged > 75 years
(46.5%) than in the MCI group (29.6%). Across all
surveyed patient groups, most patients were female,
White, had at least a high school education, and
were married. Approximately one-third (33.3%) of
patients with MCI and half (53.4%) with AD reported
a fall within the preceding 3 months. More patients
with mild to moderate AD reporting fall-related hos-
pitalization (40.0-50.0%) than those with severe AD
(7.1%).

Across all surveyed caregiver groups, over half
were younger than 65 years, female, White, had at
least a college education, and were either married
or in a civil partnership. As AD severity increased
from mild to severe, the proportion of caregivers
who were spouses or other relatives decreased from
92.6% to 52.3%, while the proportion of paid care-
givers rose from 3.7% to 47.6%. As AD severity
increased from mild to severe, the proportion of care-
givers living with patients declined from 85.2% to
38.1%. Caregivers reported dedicating an average of
approximately 50 hours per week (MCI, mild AD,
moderate AD) to almost 65 hours per week (severe
AD). Notably, more than 70% of caregivers remained
unpaid across the AD continuum.

Employment and productivity

Employment-related data for patients and care-
givers are summarized in Table 2. Weekly income
was generally between $500-$1999 for caregivers
of patients with MCI or mild AD and $500-$1499
for caregivers of patients with moderate and severe
AD. No patients reported full-time employment. Part-
time employment was reported by less than 10% of
patients with MCI, mild or moderate AD, and none
with severe AD. Most patients (>60%) across all cat-
egories self-reported as retired. Caregivers reported
varying degrees of employment across all patient
categories, with no consistent pattern. A change in
employment status was reported by 25% of patients

since receiving their diagnosis and by 34% of care-
givers due to caregiver duties, with early retirement
emerging as the most commonly reported change.

Quality of life

Patient QoL

Among all patients, their health-related QoL,
as reported by caregivers using DEMQOL-Proxy,
exhibited its lowest level with severe AD at
65.2 £ 19.2 and ranged from 85.3-93.3 with MCI,
mild and moderate AD (Table 3). Overall, patient
QoL adjusted for baseline characteristics was lower
from MCI to more advanced disease stages, with a
more pronounced decrease after mild AD (p<0.01;
Supplementary Table 5 and Fig. 2A). Compared to
unmarried patients, patient QoL for married patients
was worse over MCI and mild AD, but better
over moderate and severe AD stages (p =0.03; Sup-
plementary Table 5 and Fig. 2A). A directionally
consistent association was found between all § patient
QoL questions and DEMQOL-Proxy scores with sig-
nificant (p <0.02) associations for 6 of the questions
(Supplementary Table 6).

Caregiver QoL

Among all caregivers, care-related QoL, mea-
sured using the CarerQoL-7D utility scores, ranged
from 74.2-80.8, on average, with no significant
association with disease severity (Table 3; Supple-
mentary Table 5). In the subgroup of unpaid/informal
caregivers (n=79), care-related QoL ranged from
73.9-79.8 on average and decreased with disease
severity (p=0.02; Supplementary Tables 7 and 8).
Additionally, in this unpaid subgroup, older caregiver
age and more advanced patient severity were associ-
ated with poorer caregiver QoL (p=0.03; Fig. 2B,
Supplementary Table 8). An outlying observation
was that younger caregiver age and severe AD were
also associated with lower QoL.

Patient dependence

Dependence of patients, as reported by caregivers
and measured by DS scores, was generally higher
in patients with more severe AD: overall scores
were 6.7+2.9 for MCI, and 64 +2.6, 74+3.5
and 11.8 £2.7 for mild, moderate, and severe AD,
respectively (Table 3). A significant positive asso-
ciation of DS with disease severity was observed
(p<0.01; Fig. 3A, Supplementary Table 5). Regard-
less of severity, among males with AD, dependence
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Table 1
Background characteristics of patients
MCI Mild AD Moderate AD Severe AD Total AD
N=27 N=27 N=25 N=21 N=T73
Age (y)
60-64 5 (18.5%) 1 (3.7%) 3 (12.0%) 4 (19.0%) 8 (11.0%)
65-69 7 (25.9%) 8 (29.6%) 6 (24.0%) 5(23.8%) 19 (26.0%)
70-74 7 (25.9%) 1 (3.7%) 7 (28.0%) 4 (19.0%) 12 (16.4%)
75-79 4 (14.8%) 15 (55.6%) 5 (20.0%) 3 (14.3%) 23 (31.5%)
80-84 4 (14.8%) 2 (7.4%) 4 (16.0%) 3 (14.3%) 9 (12.3%)
85+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (9.5%) 2 (2.7%)
Gender
Female 16 (59.3%) 12 (44.4%) 10 (40.0%) 13 (61.9%) 35 (47.9%)
Race/ethnicity:
White 20 (74.1%) 12 (44.4%) 15 (60.0%) 18 (85.7%) 45 (61.6%)
Black 4 (14.8%) 7 (25.9%) 5(20.0%) 2 (9.5%) 14 (19.2%)
Asian 2 (7.4%) 2 (7.4%) 1 (4.0%) 0 (0.0%) 3 (4.1%)
Hispanic 1 (3.7%) 6 (22.2%) 4 (16.0%) 1(4.8%) 11 (15.1%)
Highest educational level
Less than high school 1 (3.7%) 1 (3.7%) 1 (4.0%) 1 (4.8%) 3 (4.1%)
High school 11 (40.7%) 10 (37.0%) 7 (28.0%) 7 (33.3%) 24 (32.9%)
Some college 6 (22.2%) 7 (25.9%) 9 (36.0%) 11 (52.4%) 27 (37.0%)
College graduate 8 (29.6%) 9 (33.3%) 8 (32.0%) 2 (9.5%) 19 (26.0%)
Post college 1 (3.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Marital status
Married/Civil partnership 16 (59.3%) 18 (66.7%) 18 (72.0%) 15 (71.4%) 51 (69.9%)
Never married 0 (0.0%) 1 (3.7%) 0 (0.0%) 0 (0.0%) 1 (1.4%)
Widowed 10 (37.0%) 7 (25.9%) 5 (20.0%) 5(23.8%) 17 (23.3%)
Separated/Divorced 1 (3.7%) 0 (0.0%) 2 (8.0%) 1 (4.8%) 3 (4.1%)
Prefer not to say/unknown 0 (0.0%) 1 (3.7%) 0 (0.0%) 0 (0.0%) 1(1.4%)
Living situation
With family members or friends in 20 (74.1%) 25 (92.6%) 20 (80.0%) 18 (85.7%) 63 (86.3%)
own home
Alone in own home 3(11.1%) 1(3.7%) 1 (4.0%) 0 (0.0%) 2 (2.7%)
Residential care setting (assisted 4 (14.8%) 0 (0.0%) 2 (8.0%) 2(9.5%) 4 (5.5%)
living facility)
Nursing home 0 (0.0%) 1 (3.7%) 2 (8.0%) 1 (4.8%) 4 (5.5%)
Ever admitted to a nursing home
Yes 1 (3.7%) 3(11.1%) 3 (12.0%) 3 (14.3%) 9 (12.3%)
No 26 (96.3%) 24 (88.9%) 22 (88.0%) 18 (85.7%) 64 (87.7%)
Time since receiving diagnosis of 23+£23 22+15 28+1.7 28+19 26£1.7
MCI or AD (y), mean £+ SD
In the last 3 months, have you had
a fall?
Yes 9 (33.3%) 10 (37.0%) 15 (60.0%) 14 (66.7%) 39 (53.4%)
No 18 (66.7%) 17 (63.0%) 10 (40.0%) 7 (33.3%) 34 (46.6%)
If yes, indicate whether you were
hospitalized due to the fall(s)
Yes 2 (22.2%) 5 (50.0%) 6 (40.0%) 1(7.1%) 12 (30.8%)
No 7 (77.8%) 5 (50.0%) 9 (60.0%) 13 (92.9%) 27 (69.2%)
Derived Charlson comorbidity 1.8+1.7 25+1.6 25+1.8 1.8+1.0 23415
index?, mean + SD
ComorbiditiesP
Mental health disorder 15 (55.6%) 13 (48.1%) 11 (44.0%) 7 (33.3%) 31 (42.5%)
(depression, anxiety)
Heart attack (myocardial 4 (14.8%) 7 (25.9%) 5 (20.0%) 5(23.8%) 17 (23.3%)
infarction)
A stroke/mini-stroke 3(11.1%) 1 (3.7%) 2 (8.0%) 2 (9.5%) 5 (6.8%)
Urinary tract infection 14 (51.9%) 12 (44.4%) 8 (32.0%) 5(23.8%) 25 (34.2%)
Diabetes 10 (37.0%) 9 (33.3%) 7 (28.0%) 3 (14.3%) 19 (26.0%)
High blood pressure 10 (37.0%) 15 (55.6%) 16 (64.0%) 9 (42.9%) 40 (54.8%)
Cancer 5 (18.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Values are expressed as n (%) unless otherwise noted. AD, Alzheimer’s disease; MCI, mild cognitive impairment. *The Charlson comorbidity
index was derived from a list of questions on comorbidities as in Habbous et al. 2013 [31] bComorbidities tested in the model.
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Table 2
Patient and caregiver employment- and productivity-related data
MCI Mild AD Moderate AD Severe AD Total AD
N=27 N=27 N=25 N=21 N=73
Patients
Weekly income?®
under $500 3 (11.1%) 1 (3.7%) 7 (28.0%) 1 (4.8%) 9 (12.3%)
$500 — $999 7 (25.9%) 11 (40.7%) 14 (56.0%) 9 (42.9%) 34 (46.6%)
$1000 — $1499 8 (29.6%) 6(22.2%) 2 (8.0%) 5(23.8%) 13 (17.8%)
$1500 — $1999 5 (18.5%) 3 (11.1%) 1 (4.0%) 2 (9.5%) 6 (8.2%)
$2000 or over 0 (0.0%) 3(11.1%) 0 (0.0%) 0(0.0%) 3 (4.1%)
Prefer not to say 4 (14.8%) 3 (11.1%) 1 (4.0%) 4 (19.0%) 8 (11.0%)
Current employment status
Full-time employed/self-employed 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
(35 h/week or more)
Part-time employed (less than 35 h/week) 2 (7.4%) 2 (7.4%) 1 (4.0%) 0 (0.0%) 3 (4.1%)
Unemployed 1 (3.7%) 1 (3.7%) 5 (20.0%) 0(0.0%) 6 (8.2%)
Retired 17 (63.0%) 24 (88.9%) 18 (72.0%) 16 (76.2%) 58 (79.5%)
Homemaker 7 (25.9%) 0 (0.0%) 1 (4.0%) 5 (23.8%) 6 (8.2%)
Change of employment status since diagnosis with MCI or AD
No change 21 (77.8%) 21 (77.8%) 14 (56.0%) 19 (90.5%) 54 (74.0%)
Changed jobs 1 (3.7%) 0 (0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Family/medical leave 0 (0.0%) 0 (0.0%) 1 (4.0%) 0 (0.0%) 1(1.4%)
Leave of absence 0 (0.0%) 1 (3.7%) 0 (0.0%) 0(0.0%) 1 (1.4%)
Early retirement 3(11.1%) 5 (18.5%) 8 (32.0%) 2 (9.5%) 15 (20.5%)
Quit job 1 (3.7%) 0 (0.0%) 2 (8.0%) 0 (0.0%) 2 (2.7%)
Other 1 (3.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Caregivers
Weekly income?
under $500 2 (7.4%) 0 (0.0%) 2 (8.0%) 0(0.0%) 2(2.7%)
$500 — $999 5 (18.5%) 10 (37.0%) 13 (52.0%) 9 (42.9%) 32 (43.8%)
$1000 — $1499 10 (37.0%) 5 (18.5%) 6 (24.0%) 8(38.1%) 19 (26.0%)
$1500 — $1999 5 (18.5%) 5 (18.5%) 2 (8.0%) 2 (9.5%) 9 (12.3%)
$2000 or over 0 (0.0%) 2 (7.4%) 2 (8.0%) 0(0.0%) 4 (5.5%)
Prefer not to say 5 (18.5%) 5 (18.5%) 0 (0.0%) 2 (9.5%) 7 (9.6%)
Current employment status
Full-time employed/self-employed 8 (29.6%) 2 (7.4%) 12 (48.0%) 11 (52.4%) 25 (34.2%)
(35 h/week or more)
Part-time employed (less than 35 h/week) 5 (18.5%) 3(11.1%) 4 (16.0%) 2(9.5%) 9 (12.3%)
Unemployed 2 (7.4%) 1 (3.7%) 0 (0.0%) 0 (0.0%) 1 (1.4%)
Retired 10 (37.0%) 17 (63.0%) 6 (24.0%) 7 (33.3%) 30 (41.1%)
Homemaker 2 (7.4%) 4 (14.8%) 3 (12.0%) 1 (4.8%) 8 (11.0%)
Change of employment status since diagnosis with MCI or AD of the patient caring for due to caregiving duties
No change 17 (63.0%) 18 (66.7%) 16 (64.0%) 15 (71.4%) 49 (67.1%)
Changed jobs 1 (3.7%) 0 (0.0%) 1 (4.0%) 0 (0.0%) 1 (1.4%)
Family/medical leave 2 (7.4%) 2 (7.4%) 3 (12.0%) 0(0.0%) 5(6.8%)
Leave of absence 0 (0.0%) 1 (3.7%) 0 (0.0%) 0 (0.0%) 1 (1.4%)
Early retirement 5 (18.5%) 5 (18.5%) 3 (12.0%) 5(23.8%) 13 (17.8%)
Quit job 1 (3.7%) 1 (3.7%) 0 (0.0%) 0 (0.0%) 1 (1.4%)
Other 1 (3.7%) 0 (0.0%) 2 (8.0%) 1 (4.8%) 3 (4.1%)
Replacement at work due to inability to work due to caregiving responsibilities since the diagnosis with
MCI or AD of the patient caring for
Yes 2 (7.4%) 6 (22.2%) 2 (8.0%) 1 (4.8%) 9 (12.3%)
No 15 (55.6%) 10 (37.0%) 14 (56.0%) 12 (57.1%) 36 (49.3%)
Not applicable 7 (25.9%) 11 (40.7%) 9 (36.0%) 7 (33.3%) 27 (37.0%)
Not known 3 (11.1%) 0 (0.0%) 0 (0.0%) 1 (4.8%) 1 (1.4%)

Values are expressed as n (%). AD, Alzheimer’s disease; MCI, mild cognitive impairment. *Weekly income includes full-time or part-time

wages, tips, bonuses, social security checks, rents, pension, annuity and insurance payments.

increased with older age; in contrast, dependence
among females was fairly stable, and even slightly

decreased, with older age (p =0.01; Fig. 3B, Supple-

mentary Table 5).
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Table 3
Quality of life scores of patients and caregivers
MCI Mild AD Moderate AD Severe AD Total AD
N=27 N=27 N=25 N=21 N=73
DEMOQOL-Proxy score 93.3+8.6 853+122 91.2+£11.7 65.2+19.2 81.5+£17.8
CarerQoL-7D utility score 80.8+9.1 742+12.0 77.7+12.8 789+11.9 76.7+£12.3
DS 6.7+£29 64+£2.6 74+£35 11.8+2.7 83+3.7

Values are expressed as mean = standard deviation. Note: DEMQOL-Proxy can range from 31 to 124, with higher scores indicating enhanced
patient QoL. CarerQoL-7D utility scores can range from O to 100, with higher scores indicating enhanced caregiver QoL. The DS can range
from 0 to 15, with higher scores indicating greater levels of patient dependence. AD, Alzheimer’s disease; DEMQOL, Dementia Quality of
Life; DS, dependence scale; CarerQoL-7D, Care-related Quality of Life — 7 dimensions; MCI, mild cognitive impairment.
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Fig. 2. Quality of life scores by AD disease severity: signficant interactions (A) Patient QoL measured by DEMQOL-Proxy (interaction
between severity and patient marital status); (B) CarerQoL-7D utility among unpaid/informal caregivers (contour plot illustrating interaction
between severity and caregiver age). AD, Alzheimer’s disease; DEMQOL, Dementia Quality of Life; CarerQoL-7D, Care-related Quality

of Life — 7 dimensions; MCI, mild cognitive impairment.

Costs

Indirect costs to caregivers

Indirect costs per person per month (PPPM)
to caregivers from unpaid caregiving time ranged
from $1,393.1 to $1,833.0, with no clear pattern
across severity categories (Table 4). No significant
relationship between indirect costs to caregivers
(overall or unpaid subgroup) and disease severity
was observed (Supplementary Tables 5 and 8). Indi-
rect costs were higher among caregivers who were
employed and those who provided more caregiv-
ing hours (both p<0.01; Supplementary Table 5).
Non-spousal caregivers were more likely to incur
greater indirect costs with more advanced disease
severity (p=0.01; Fig. 4A, Supplementary Table 5).

Among unpaid caregivers, indirect costs increased
with higher age and employment (both p <0.01; Sup-
plementary Table 8).

Costs to employers

Costs to employers from absenteeism of caregivers
and replacement of patients and caregivers at work
were highest in the mild and moderate AD groups
(range $1242.3-$1290.3) (Table 4). A significant
positive association of costs to employers with dis-
ease severity was observed (p <0.05; Supplementary
Table 5). Costs to employers increased with severity
for unmarried caregivers (p =0.03; Fig. 4B, Supple-
mentary Table 5).
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Intangible costs to patients

Intangible costs to patients were highest in patients
with severe AD ($3,195.8 4+ 1351.9) and ranged from
$1,496.3 to $1,958.3 for MCI to moderate AD
(Table 4). Intangible costs to patients increased with
disease severity (p <0.01; Supplementary Table 5).

Intangible costs to caregivers

Intangible costs to caregivers were lowest for
caregivers of patients with MCI at ($606.9 £ 729.0)
and highest for caregivers of patients with mild
AD ($1187.0£1201.5) (Table 4). There was a
trend for intangible costs to caregivers being asso-
ciated with higher education and increased severity
(p=0.06; Supplementary Table 5). In the subgroup
of 79 unpaid/informal caregivers, intangible costs
ranged $636.5-$1,294.3 (Supplementary Table 7)
and increased with younger caregiver age and
advanced disease severity (p=0.02; Fig. 4C, Sup-
plementary Table 8), with disease severity being the
main driver of cost (p < 0.01; Supplementary Table 8).

Additional details on the derivation of costs are
included in Supplementary Table 9.

Summed costs

Summed costs in this analysis (i.e., sum of
indirect costs to caregivers, costs to employers,

intangible costs to patients, and intangible costs to
caregivers) were generally higher in more severe
AD: $4,695.4+3,303.9 for patients with MCI,
and $5,828.8£2,790.7, $5,640.3+4,305.6 and
$6,210.3 £2,610.8 for those with mild, moderate,
and severe AD, respectively (Table 4). A signifi-
cant positive association between the summed costs
from this analysis and disease severity was observed
(p<0.01; Supplementary Table 5). Summed costs
appeared to be increased with disease severity among
unmarried, but not married caregivers (p<0.01;
Fig. 4D).

DISCUSSION

The impact of AD disease severity on QoL and
indirect/intangible cost across the disease continuum
from MCI to severe AD was examined using an
on-line survey of 100 physician-identified patient-
caregiver dyads living in the US. Disease severity
was found to have a negative impact on patient QoL
and dependence, and on QoL in the subgroup of
unpaid caregivers. A consistent relationship was not
found between disease severity and indirect costs
to caregivers; however, a discernible relationship
was observed between disease severity and costs to
employers. Higher disease severity was associated
with higher intangible costs, which we defined as
costs attributed to loss in QoL, to patients and unpaid
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AD, Alzheimer’s disease; MCI, mild cognitive impairment.

caregivers. Overall, higher disease severity was asso-
ciated with significantly higher summed costs.
Given that increases in AD severity are associated
with lower patient ability to perform everyday activ-
ities/ADLs [4, 16], the association between disease
severity and higher patient dependence was expected.
Our finding that dependence increased with age
among males, but was stable with age among females
has not been reported previously, and may suggest

that older females are more self-reliant. As noted,
increased AD severity was associated with lower QoL
in patients, but not with lower QoL in caregivers over-
all; however, when we examined the subgroup of
unpaid/informal caregivers, who represented almost
80% of the caregivers surveyed, we found a signif-
icant association between higher severity and lower
caregiver QoL. This finding is not unexpected given
research suggesting that informal (family) caregivers
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Table 4
Costs per person per month by disease severity

Costs per person per MCIN=27 Mild ADN =27

month, $

Moderate ADN =25 Severe ADN=21 Total ADN=73

Indirect costs to
caregivers

Costs to employers
Intangible costs to
patients

Intangible costs to
caregivers
Summed costs®

1,751.4 £1,957.6 1,393.1£1,463.6

840.8 £1,889.5
1,496.3 +1227.5

1,290.3 £2,250.8
1,958.3 £1339.1
606.9 +729.0 1187.0 £ 1201.5

4,695.4+£3,303.9 5,828.8 £2,790.7

1,833.0£2,417.9 1,516.4 £1,697.8 1,579.2£1,886.7
729.5+1,568.5

3,195.8+1351.9

1,112.6 £2,044.0
2,181.8£1,415.5

1,242.3£2,194.1
1,571.5 £1096.0

993.54+1249.6 768.5+1192.7 1,000.3 £1,210.7

5,640.3 £4,305.6 6,210.3£2,610.8 5,874.0+£3,307.3

Values are expressed as mean =+ standard deviation. AD, Alzheimer’s disease; MCI, mild cognitive impairment. *Summed costs include
indirect costs to caregivers, costs to employers, and intangible costs to patients and to caregivers.

generally perceive a greater burden relative to profes-
sional caregivers [41]. We speculate that the QoL for
unpaid caregivers may often be more impaired due
to financial strain, demands on energy and personal
time, career impact, potential health consequences,
and future financial insecurity. The absence of com-
pensation and support can exacerbate the challenges
caregivers face in providing essential care, impact-
ing their overall well-being and quality of life. For
instance, unpaid caregivers may have little time for
themselves, which can lead to decreased opportu-
nities for self-care and leisure activities as well
as feelings of loneliness/social isolation [42, 43].
Many unpaid caregivers must reduce their working
hours or even leave their jobs to provide care. This
can have long-term financial consequences, affect-
ing their retirement savings and future employability.
Moreover, unpaid caregivers may jeopardize their
own financial security by diverting resources and
time away from their own careers and financial
well-being.

Findings from prior investigations exploring the
relationship between AD disease severity and QoL
are inconsistent, as evident in the literature [44—
48]. Of interest, a multicenter European prospective
community-based cohort study of 616 patient-
caregiver dyads did not find a significant change
in self-reported QoL over time by AD severity for
either patients or caregivers [49]. Similarly, a longi-
tudinal multicenter UK cohort study of 145 patients
(community dwelling and institutionalized) with pos-
sible/probable AD and their caregivers found that the
impact of disease severity on QoL was not clear or
consistent; the investigators speculated that the poten-
tial impacts of increasing dependence/worsening
disease severity may be “buffered” by other fac-
tors (e.g., psychological, social, environmental) [44].
These studies differ notably from the current inves-

tigation. While the cohort studies were longitudinal,
examining change in QoL over time, our survey was
cross-sectional, and focused on whether QoL differed
between disease stages from MCI to severe AD. Other
investigations have reported association between AD
severity and worsening QoL of patients [46—48] and
caregivers [48].

We found that in early disease (MCI, mild AD),
being unmarried was associated with better QoL,
whereas in later stages (moderate/severe AD), being
married was associated with better QoL. Existing lit-
erature regarding marital status and AD suggests that
being unmarried may be a risk factor for demen-
tia [50, 51], being divorced/widowed at older ages
may be a risk factor for cognitive impairment and
progression to dementia [52], and, likewise, living
alone with AD has been associated with receiving
less optimal AD-related healthcare and increased
use of antidepressants and other psychotropic drugs
[53].

Our finding that more severe disease was associ-
ated with higher intangible costs to patients as well as
to unpaid/informal caregivers represents a significant
contribution to the existing body of evidence. This is
particularly noteworthy as intangible costs are diffi-
cult to measure and have not frequently been subject
to in-depth investigation [17, 54]. The formulation
of intangible costs is novel and relies on the reduc-
tion of patient or caregiver QoL as compared to the
general US population of the same age, quantified as
health utilities. This is then multiplied by the widely
adopted willingness-to-pay threshold of $150,000 for
each quality-adjusted life year, a standard parameter
commonly employed in health economic evaluations
within the US [39].

Many previous investigations have explored the
relationship between AD severity and direct and/or
indirect costs [14, 46, 55-57]. A meta-analysis of 9
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studies including 3,569 patients with AD from the US
and Europe [55] reported that increased AD sever-
ity was associated with increased total costs. Also
of interest, an Ireland-based longitudinal study of
72 community-dwelling patients with MCI and AD
found that costs rose over 2 years, primarily due to
increased informal care costs as patients had worsen-
ing dependence, function, and cognitive impairment
[56]. We did not find a clear impact of higher dis-
ease severity on indirect costs, which was unexpected
given previous findings that the contribution of indi-
rect costs increases as AD progresses in community
settings [58]. We speculate that the indirect cost value
was lower in our severe AD group since 1) indirect
costs were primarily based on unpaid caregiving time
and 2) our severe AD group had a high proportion of
caregivers reporting full-time employment, suggest-
ing they were likely formal/professional caregivers
(i.e., who therefore would have had few unpaid work-
ing hours, if any), and 3) some of the surveyed patients
were in residential care/nursing homes, which has
been associated with decreased indirect costs [58].

Limitations

Survey data are based on self-report and subject
to recall bias; however, a strength of this study is
that the MCI and AD diagnosis classifications were
identified/confirmed by the physicians caring for the
surveyed patients. There was potential for selection
bias since patients were required to have caregivers;
this was particularly a concern in the MCI group,
as these patients may not typically require care-
givers, thus this group may not be as representative
of the general MCI population. We did not iden-
tify a consistent negative impact of higher disease
severity on all the QoL and cost measures assessed.
While such inconsistency has been found in the liter-
ature, the relatively small sample sizes in our survey
of ~25 patient-caregiver dyads per disease severity
category may also have been a contributing factor.
Another consideration is that discordance between
clinician’s assessments of AD severity and cogni-
tive test-based assessments has been documented and
may differ by clinician types [59], thus there may
be some variability in MCI and AD severity classi-
fications. We did not require AD biomarker testing,
therefore it is possible that some patients in the MCI
group had MCI due to causes other than AD; this
may impact findings as there is data supporting that
amyloid-positive MCI is associated with decreased
QoL vs amyloid-negative MCI [45]. Additionally,

the DEMQOL-Proxy was used for QoL assessments,
and discrepancies between QoL ratings by patients
with dementia and their proxies have been well doc-
umented, especially with increasing disease severity
[60-62]. Nonetheless, based on our supportive cor-
relation analysis, patient answers to QoL questions
were directionally consistent with DEMQOL-Proxy
scores. From prior research we recognize that the
burden of AD can impact a broad range of areas
including psychological well-being, social/relational
well-being, physical well-being, function and inde-
pendence, and cognition; our patient QoL questions
touched on several of these areas [5]. Due to the
limited sample size in our survey, disease severity
was treated as a continuous variable in our models,
which might not be adequate given that AD does not
progress linearly, but this approach is still valid for
identifying trends in the data. Finally, our findings
may not be generalizable to the overall AD population
in the US.

Conclusions

This survey of 100 physician-identified patient-
caregiver dyads in the US found that increasing AD
severity has a negative impact on patient QoL and
independence, as well as on QoL in unpaid caregivers.
While indirect costs to caregivers were comparable
across the spectrum of MCI/AD severities, costs to
employers were highest in mild and moderate AD.
In our novel analysis of intangible healthcare costs,
we found that patients with clinically diagnosed MCI
and AD and unpaid caregivers incurred substantial
intangible costs that were highest in severe AD. The
summed costs in this analysis significantly increased
for more severe AD. These findings underscore the
need for effective clinical interventions that prevent
or slow the progression of AD. This survey-driven
study reflects a dedicated attempt not only to grasp the
AD progression-related challenges deeply, but also
to pave the way for better interventions, ultimately
creating a stronger and more effective care environ-
ment. This, in turn, forms a strong basis for making
informed decisions, allocating resources wisely, and
creating targeted policies in the care of patients with
MCI and AD.
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