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Abstract Introduction: Clinical features of dementia (cognition, function, and behavioral and psychological
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symptoms) may differentially affect out-of-pocket medical and nursing home (NH) expenditures and
informal care received (outcomes).
Methods: We used cross-sectional data (Aging, Demographics, and Memory Study) to estimate
probabilities of experiencing outcomes by clinical features. For those experiencing an outcome,
we estimated effects of clinical features on the amount of the outcome.
Results: No clinical feature predicted the probability of having out-of-pocket medical expenditures.
For those with medical expenditures, higher cognition and poorer function were associated with more
spending. Poorer function predicted having out-of-pocket NH expenditures. For those with NH ex-
penditures, no clinical feature predicted the amount. Poorer function and a greater number of behav-
ioral and psychological symptoms predicted the probability of receiving caregiving. For those
receiving care, poorer function was associated with more caregiving.
Conclusions: Clinical features differentially impact outcomes with poorer function associated with
all types of costs and caregiving received.
� 2017 the Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Dementia affects more than five million Americans and
results in cognitive and functional declines and behavioral
and psychological symptoms (BPS) [1–4]. Declines in
cognition and function combined with BPSD result in a
disproportionate use of formal and informal long-term care
[1–3,5,6]. Given this increased reliance on care, the direct
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and indirect costs of dementia per patient to society can
exceed $50,000 per year [5]. A significant portion of costs
is incurred by families and Medicaid [3,5–10].

The most reliable estimates for the total net cost and net
out-of-pocket cost of dementia come from two RAND
studies that used data from the Health and Retirement Study
(HRS) [5,7]. However, these studies did not evaluate the
independent contributions of each key clinical feature—
cognition, function, and BPS—to out-of-pocket cost. These
clinical features may impact out-of-pocket spending by
requiring more care to manage symptoms and causing care-
givers to spend more time in supervision.

Prior studies evaluating effects of clinical features on
total cost suggest that function is an important predictor
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[11–15]. However, results have been inconsistent and
conflicting for the effects of cognition and BPS. Moreover,
previous cost studies have important limitations including
the use of nonrepresentative data sources, lack of a clinical
diagnosis of dementia to identify the analytic sample, not
separating medical expenditures from nursing home (NH)
expenditures, and not disaggregating out-of-pocket expendi-
tures from those covered by insurance [11–18].
Understanding the type of out-of-pocket cost (medical or
NH expenditure) based on clinical features can assist in
care planning and developing targeted interventions.

To address previous research limitations, this study used
data from a subsample of HRS, the Aging, Demographics,
and Memory Study (ADAMS)—a nationally representative
survey of cognitive impairment—to evaluate the effects of
cognition, function, and BPS on out-of-pocket medical and
NHexpenditures and time spent receiving informal caregiving.
2. Methods

2.1. Sample and data

HRS is a nationally representative longitudinal survey of
adults aged�51 years [19]. Although the core HRS has mea-
sures evaluating cognition and function, the survey lacks a
clinical diagnosis of dementia and does not contain mea-
sures related to BPS. Rather than imputing dementia status
in the full HRS and not having access to measures of BPS,
we used ADAMS data instead. The ADAMS subsample
was drawn from the HRS (individuals �70 years) and was
developed to provide population-based data on risk factors,
prevalence, outcomes, and costs of cognitive impairment
and dementia in the United States [20]. ADAMS respon-
dents participated in an in-home clinical assessment during
which a trained nurse and neuropsychology technician
administered a standardized protocol to collect cognitive,
functional, and behavioral and psychological measures.
Following the in-home assessment, an independent
consensus panel determined if the individual had dementia,
cognitive impairment not dementia, or normal cognitive
function [20].

We linked ADAMS respondents to their HRS survey to
obtain sociodemographic variables that were not collected
in ADAMS (RAND HRS Version N [The RAND HRS data
file is an easy to use data set based on the HRS data. The
RAND HRS file combines multiple HRS files into a single
data file and contains imputations for missing data. The
RAND HRS file was developed at RAND with funding
from the National Institute on Aging and the Social Security
Administration.]) [20]. Specifically, in addition to identifying
a sample of individuals with a dementia diagnosis, ADAMS
provided measures for cognition, function, and BPS and esti-
mates of time spent receiving informal care (Supplementary
Table 1 details the data source of model variables). HRS data
provided estimates of out-of-pocket medical and NH expen-
ditures and additional sociodemographic information.
Werestrictedour sample toADAMSrespondents (waveA)
identified as having dementia with complete data on variables
of interest (Fig. 1, Panels A and B). Although our analyses are
cross-sectional, there was a lag between the ADAMS and
HRS assessments (Table 1; mean lag 5 7.42 months). To
minimize potential bias associated with the lag and to maxi-
mize the available sample size, we linked ADAMS respon-
dents to their closest available HRS wave (HRS wave 2000,
2002, or 2004). For out-of-pocket medical and NH expendi-
ture analyses, but not time receiving care analyses, we
excluded individuals who were linked to the HRS wave
2000 (n 5 18), as HRS combined out-of-pocket spending
for medical and NH care in that wave. After the wave 2000,
HRS distinguished between out-of-pocket medical and NH
expenditures. To determine if the linking method impacted
the analytic sample, we linked ADAMS respondents to the
next HRS wave. Comparisons of the analytic sample based
on linking method revealed no statistically significant differ-
ences in terms of outcome measures, clinical features, and
key confounders (Supplementary Tables 2 and 3).
2.2. Measures of clinical features of dementia

Dementia was modeled using three clinical features,
cognition, function, and BPS, evaluated in the ADAMS clin-
ical assessment [1,2]. Cognition was measured using the
Mini-Mental State Examination [21], scored from 0 to 30
with higher scores indicating greater cognitive function.

Function was assessed using an investigator-modified
version of the Functional Activities Questionnaire (FAQ).
The FAQ is a standardized measure to evaluate function
that is used in other dementia surveys [22]. However, as it
was not used in ADAMS, we identified survey questions
that were administered and corresponded with the 10 func-
tional domains assessed in the FAQ. For each domain, we
evaluated if the individual had difficulty performing the
representative tasks (yes/no): (1) handling small sums of
money, (2) handling complicated financial transactions, (3)
shopping independently, (4) performing hobbies, (5) car-
rying out routine household tasks, (6) feeding self, (7) recall-
ing recent events, (8) understanding what she/he reads or
sees on television, (9) remembering things about family
and friends, and (10) finding one’s way around familiar
streets. For our analyses, we counted the number of “yes” re-
sponses to generate a summary score (0–10). Supplementary
Table 4 compares the measures used in the FAQ with the
investigator-developed version from ADAMS [23].

Finally, we evaluated the number of BPS that caregivers
endorsed as occurring in the past month using the Neuropsy-
chiatric Inventory Questionnaire which captures 12 symp-
toms: (1) delusions, (2) hallucinations, (3) agitation/
aggression, (4) depression, (5) apathy, (6) elation, (7) anxi-
ety, (8) disinhibition, (9) irritability, (10) motor disturbance,
(11) sleep, and (12) appetite [24]. For each domain, care-
givers indicated whether the behavior occurred (yes/no),
and if yes, its frequency and severity. For our analyses, we
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Fig. 1. Participation Cohort, Aging, Demographics, and Memory Study. (Panel A) The sample size in Panel A is for those included in the out-of-pocket expen-

diture analyses. Among those in the out-of-pocket medical and nursing home expenditure analyses 155 and 43 persons with dementia had expenditures .$0,

respectively. (Panel B) The sample size in Panel B is for those included in the informal time receiving caregiving analyses (active care and supervision combined).

Among those in the informal time receiving caregiving analyses 91 persons with dementia received.0 hours of active help and supervision combined. The time

receiving caregiving analyses were limited to community-dwelling persons with dementia that had a caregiver and provide information on time caregiving.
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counted the number of yes responses to generate a summary
score reflecting the total number of behaviors endorsed (0–
12). The number of BPS has been associated with caregiver
burden and resource utilization [25–28].
2.3. Outcomes

We evaluated average monthly out-of-pocket medical
care spending, average monthly out-of-pocket NH spending,
and average monthly time in receipt of informal caregiving.
All costs were converted to 2015 United States dollars using
the medical care portion of the Consumer Price Index.

In the HRS, respondents or proxy respondents reported out-
of-pocket expenditures over the previous 2 years for NH stays,
hospital stays, medical visits, outpatient surgery, home health
care, special services, and dental visits. Respondents or proxy
respondents also reported out-of-pocket prescription drug
spending over the previous month. Proxies responded for indi-
viduals whowere unable to complete the survey without assis-
tance (n 5 103).

All spending (expect drug spending) was divided by 24 to
estimate average monthly out-of-pocket spending. Measures
of out-of-pocket medical spending (all categories expect NH
spending) were summed together. Out-of-pocket NH
spending was kept as a separate outcome measure.

ADAMS evaluated time that individuals with dementia
received informal caregiving (informants were queried) in
the previous month. The informal time receiving caregiving
analyses were limited to community-dwelling persons with
dementia that had a caregiver and provide information on
time caregiving (Fig. 1, Panel B). Threemeasures of informal
time caregiving were evaluated: (1) time spent receiving
active help for assistance with functional tasks (e.g., cooking
meals), (2) time spent receiving supervision to ensure safety,
and (3) time spent receiving active care and supervision com-
bined. Some informants reported providing one type of care
(e.g., active help) but then hadmissing responses for the other
types of care (e.g., supervision). When this occurred, the
dyad was included in the analysis for which data were avail-
able. Consistent with other cost studies, we assumed care-
givers could provide a maximum of 16 hours of care per
day [5]. To evaluate the value of informal caregiving, we
multiplied the market wage rate of a home health aide ($21
per hour) by time spent receiving care [29].
2.4. Statistical analysis

We estimated separate regressionmodels for each outcome
of interest: out-of-pocket medical expenditures, out-of-pocket
NH expenditures, and time spent receiving active care, super-
vision, or both. A two-part modeling approach was used for
all analyses as more than 25% of individuals had zero expen-
diture or received zero hours of caregiving [30]. First, we used
logistic regression to estimate the probability of experiencing
the outcome of interest (i.e., any out-of-pocket medical ex-
penditures, any out-of-pocket NH expenditures, or any
informal caregiving). Second, we estimated the continuous
outcome of interest among those who experienced that



Table 1

Sample characteristics*

Characteristics

Out-of-pocket and nursing

home expenditures (n 5 215)

Informal caregiving

sample (n 5 131)

Characteristics of persons with dementia

Mean cognition (SD), MMSEy 16.05 (10.54) 17.89 (9.96)

Mean number of functional limitationsz (SD) 6.02 (3.49) 5.48 (3.61)

Mean number of BPSx (SD) 2.68 (3.78) 2.40 (3.88)

Mean age (SD), years 83.42 (10.16) 83.36 (10.08)

Male, % 35.13 38.22

Non-Caucasian, % 19.57 17.57

Married, % 24.60 29.84

Long-term care insurance, % 2.72 3.94

Medicaid, % 27.31 23.00

Supplemental insurance (e.g., Medigap), % 24.86 26.51

Mean household income (SD), $, in thousands 21.30 (32.24) 23.67 (34.34)

Mean number of children (SD) 2.87 (4.47) 3.07 (3.70)

Mean number of comorbidities (SD) 2.92 (2.28) 2.66 (2.13)

HRS proxy respondent,k % 47.69 35.27

Mean months between ADAMS and HRS assessments (SD) 7.42 (4.63) 7.57 (5.76)

Caregiver characteristics{

Relationship

Spouse, % 21.86 26.88

Child, % 46.66 56.45

Other, % 31.48 16.67

Live with person with dementia, % 46.11 60.36

Abbreviations: ADAMS, Aging, Demographics, and Memory Study; BPS, behavioral and psychological symptoms; HRS, Health and Retirement Study;

MMSE, Mini-Mental State Examination; SD, standard deviation.

*Aging Demographics and Memory Study sample weights were used.
yMMSE is scored from 0 to 30 with lower scores indicating greater cognitive impairment.
zMeasure of function is based on a modified version of the Functional Activities Questionnaire and is scored from 0 to 10 with higher scores indicating greater

functional impairment.
xBPS is the number of BPS identified on Neuropsychiatric Inventory Questionnaire and is scored from 0 to 12 with higher scores indicating more symptoms.
kThe proportion of the sample that had a proxy respondent during the core HRS survey.
{The proportions in the expenditure sample may not sum to 1 because of missing data. The informal caregiving sample is a subsample of the expenditure

sample and does not have missing caregiver characteristics.

E. Jutkowitz et al. / Alzheimer’s & Dementia 13 (2017) 801-809804
outcome using a generalized linear model with a log link and
gamma distribution [30].

All models included main effects for cognition, function,
and BPS. On the basis of a review of the literature, we iden-
tified potential confounding variables. The two-part model
evaluating out-of-pocket medical expenditures controlled
for age, gender, race, marital status, Medicaid status, supple-
mental insurance, household income, number of children,
and an indicator for the total number of chronic conditions
(0–8) among the following: stroke, diabetes, heart problems,
hypertension, lung disease, cancer, psychiatric problems, or
arthritis. The model also included terms for if an individual
had a proxy respondent, and time between the ADAMS and
HRS assessments. In a sensitivity analysis, we excluded
terms for insurance status to evaluate their potential con-
founding effect on the relationship between clinical features
and out-of-pocket spending.

Because of small sample sizes, the second part of the two-
part models evaluating out-of-pocket NH expenditures (.$0
n 5 45) and time caregiving (.0 hours caregiving n 5 91)
did not include all potential confounders. Rather, based on
theoretical and empirical considerations, we a priori identi-
fied confounders that we believed were most strongly
associated with the clinical features and outcome. For the
NH analysis, we included indicators for Medicaid and
long-term care insurance status. For the time caregiving
analysis, we included predictors for age, Medicaid status,
number of chronic conditions, relationship between the
caregiver and person with dementia (spouse, child, or other),
and an indicator for whether the caregiver lived with the per-
son with dementia. In another sensitivity analysis, we evalu-
ated the effect of adding an additional covariate on the
average marginal effects of the clinical features. The first
part of the models had sample sizes sufficient to include
all potential confounders. Finally, for the NH analysis, we
conducted a similar sensitivity analysis (described previ-
ously) where we excluded terms for insurance status.

All analyses were conducted using ADAMS survey
weights and Stata version 12 survey commands (Stata, Col-
lege Station, TX).
3. Results

Of individuals with dementia that met inclusion criteria
for out-of-pocket expenditure analyses (n 5 215), the
mean age was 83.42 years (standard deviation [SD]
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10.16); 35.13% were male, and 80.43% were White
(Table 1; Supplementary Table 2 compares those included/
excluded in the expenditure analysis). A subsample of indi-
viduals with dementia resided in the community and had a
caregiver informant provide information on time caregiving
(n5 131). The mean age of individuals with dementia in the
time caregiving analyses was 83.36 years (SD 10.42);
40.12% were male, and 26.88% were cared for by a spouse
(Table 1; Supplementary Table 3 compares those included/
excluded in the time caregiving analysis).
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3.1. Out-of-pocket medical expenditures

The average (obtained from regressions) probability of
having any out-of-pocket medical spending (n 5 215) was
0.77 (95% confidence interval [CI]: 0.67, 0.88) with average
spending among those with these expenditures (n 5 155) of
$252.23 (95% CI: $195.50, $308.97) per month.

Cognition, function, and the number of BPS did not
significantly predict if a person with dementia had out-
of-pocket medical expenditures (Table 2). However, not
being on Medicaid, non-Whites, and having comorbidities
were associated with a higher probability of having expendi-
tures (Supplementary Table 5 reports complete results of the
two-part model).

In the second part of the model, cognition and function
significantly predicted the amount of out-of-pocket medical
expenditures (Table 2). A one-unit improvement in cogni-
tion was associated with $8.90 (95% CI: $1.18, $16.62)
additional spending per month. Conversely, one-additional
functional limitation was associated with $24.68 (95% CI:
$1.11, $48.25) additional spending per month. More house-
hold income also was significantly associated with spending
(Supplementary Table 5). The inclusion/exclusion of the in-
surance covariates did not alter effects of the clinical features
on spending.
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3.2. Nursing home expenditures

The average probability of having any out-of-pocket NH
spending (n 5 215) was 0.26 (95% CI: 0.15, 0.37), with
average spending for those with these expenditures
(n 5 43) being $2494.40 (95% CI: $863.20, $4126.17) per
month.

One-additional functional limitation was associated with
a .05 (95% CI: 0.01, 0.09) increase in the probability of hav-
ing out-of-pocket NH expenditures in a month. Neither
cognition nor the number of BPS significantly predicted
the probability of having NH expenditures; however, being
White and not being married increased the risk of having ex-
penditures (Table 2; Supplementary Table 6 reports com-
plete results of the two-part model). Among those with NH
expenditures, no clinical feature predicted the amount. Be-
ing on Medicaid and having long-term care insurance were
associated with less out-of-pocket spending. In the sensi-
tivity analysis, the inclusion of additional confounders and
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the inclusion/exclusion of insurance covariates did not alter
effects of the clinical features on spending.
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3.3. Time spent caregiving

On average, the probability of receiving informal care-
giving was 0.50 (95% CI: 0.37, 0.63) for active care
(n 5 129), 0.46 (95% CI: 0.32, 0.60) for supervision
(n 5 124), and 0.52 (95% CI: 0.38, 0.66) for both
(n 5 131). Average hours of informal caregiving received
per month among those who received caregiving were
215.75 (95% CI: 169.51, 262.00) for active care (n 5 86),
228.06 (95% CI: 174.74, 281.38) for supervision (n 5 80),
and 286.37 (95% CI: 245.26, 327.48) for both (n 5 91).

Function and the number of BPS, but not cognition, were
significantly associated with an increase in the probability of
receiving all types of informal caregiving (Table 3;
Supplementary Tables 7–9 report complete results of the
two-part models). Specifically, one-additional functional
limitation and one-additional BPS were associated with .07
(95% CI: 0.01, 0.12) and .05 (95% CI: 0.00, 0.09) increases
in the probability of receiving both types of care in a month,
respectively. Function was the only clinical feature to signif-
icantly predict the amount of all types of caregiving. One-
additional functional limitation was associated with 43.65
(95% CI: 18.19, 69.12) additional hours of receiving both
types of care in a month (Table 3). On the basis of the
replacement cost ($21 per hour) of purchasing similar care
in the market, one-additional functional limitation equals
$916.65 worth of additional care being provided by a family
caregiver in a month. In the sensitivity analysis, the inclusion
of confounders did not change model conclusions.
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4. Discussion

This is the first study of its kind to use nationally repre-
sentative data with a sample that has a clinical diagnosis to
estimate the effect of three important clinical features of de-
mentia—cognition, function, and BPS—on out-of-pocket
medical and NH expenditures and time spent caregiving.
We found differential effects of these clinical features on
type of cost incurred and time spent caregiving.

Cognition, function, and BPS did not predict if an indi-
vidual incurred any out-of-pocket expenditure, but having
comorbidities were associated with a greater risk of having
expenditures. The presence of comorbidities may amplify
the effect of clinical features on out-of-pocket expenditures
[31,32] and speaks to the importance of identifying and
managing comorbidities in individuals with dementia.
Future studies with larger sample sizes are warranted to
investigate the combined effect of comorbidities and
clinical features on expenditures.

Among those with any out-of-pocket expenditure, better
cognition and poorer function, but not the number of BPS
and comorbidities, predicted more spending. Others have
similarly reported this differential effect [12,14]. With
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greater cognitive impairment, medical care may be less
aggressive reflecting either advance care directives or
clinical judgment concerning the marginal value of
aggressive care, especially in the context of limited
interventions for treating cognitive decline [33]. In contrast,
functional limitations can be managed throughout the dis-
ease with formal caregiving such as home care [34].

Poorer function predicted having NH expenditures, but
no clinical feature significantly predicted the amount of
such expenditures. Although other studies show that cogni-
tion, function, and BPS predict NH placement, this is the first
study to our knowledge to evaluate their independent effect
on actual out-of-pocket NH payments [35]. In our analysis,
the probability of experiencing NH expenditures represents
the probability of being in and paying out-of-pocket for
the stay in the past 2 years. This is different than the proba-
bility of being institutionalized at a given point in time. The
clinical features may not have predicted the amount of NH
expenditures because individuals in our sample had been
living in a facility over a long period of time (.1 year) lead-
ing to possibly lack of variation in expenditures. We were
unable to distinguish between out-of-pocket payments for
subacute care and long-term NH stays. However, given the
long duration of NH stays of this sample and limited Medi-
care NH benefit, the observed out-of-pocket spending is
most likely attributed to long-term stays.

Poorer function and a greater number of BPS signifi-
cantly increase the probability of receiving informal care.
In addition, function predicted the amount of informal
care that was received. As some interventions have been
shown to improve or maintain daily function and reduce
occurrences of BPS, they may also impact the need for
informal care and the amount provided [36–43]. With few
exceptions, trials have not evaluated the effect of
interventions on time spent caregiving [44,45]. Future
cost-effectiveness studies can use the information in our
analyses to connect the clinical benefits of interventions
with associated reductions in time caregiving and hence
related costs.

In our analyses, poorer function was a leading predictor
of out-of-pocket expenditures suggesting that functional
decline is an important target for interventions [39]. Little
is known about the effect of function on costs across other
diseases and how it compares to individuals with dementia.
A recent study by Zhang et al. [46] found that community-
dwelling adults.50 years with three or more functional lim-
itations incurred $48.54 more in out-of-pocket expenditures
per month than those without limitations. Conversely, we
found that one-additional functional limitation resulted in
$24.68 additional out-of-pocket medical spending. Three
limitations would result in $74.04 of additional spending.
Thus, the effect of a functional limitation in a person with
dementia is likely greater than the same limitation in some-
one without dementia.

Our objective was to evaluate the effect of each clinical
feature on out-of-pocket spending, but Medicare and
Medicaid expenditures represent other important compo-
nents of the total cost of dementia care as well. Although
less is known about the effect of each key feature on
Medicaid expenditures, others have found that functional
limitations are associated with more Medicare spending
[47]. Future studies should continue to investigate the rela-
tionship between each clinical feature and Medicare and
Medicaid expenditures to identify specific intervention tar-
gets for care planning and projecting care costs.

Our study is not without limitations. We rely on reported
data from individuals with dementia (47% of the sample
had a proxy respondent during the core HRS survey from
which out-of-pocket spending data were obtained), and
consequently, wemay underestimate out-of-pocket spending.
However, HRShas validated procedures to limit under report-
ing of spending [7]. Although our results provide a basis for
understanding out-of-pocket NH expenditures and time care-
giving,wewere unable to control for all potential confounders
because of small sample sizes. Nevertheless, in sensitivity an-
alyses our results were robust to the inclusion of additional
confounders and overall conclusions did not change. Because
of missing data (Fig. 1, Panels A and B) on outcomes of inter-
est and key covariates, wewere unable to use all ADAMSpar-
ticipants identified as having dementia. This may limit the
generalizability of findings. Yet, comparisons between those
included and those excluded in the out-of-pocket expenditure
analyses revealed few statistically significant differences
(Supplementary Table 2). Compared with those with demen-
tia excluded from the time receiving caregiving analyses,
those with dementia included were slightly younger, more
cognitively intact, and had fewer functional limitations.
This is not surprising given the time caregiving analyses
were limited to those residing in the community
(Supplementary Table 3). Finally, we used cross-sectional
data and did not have information on total time livingwith de-
mentia. Thismay limit our view of the long-term implications
of costs of dementia care such that our figures are underesti-
mations.

In conclusion, poorer function is associated with more of
out-of-pocket medical spending, an increase in the risk of
having out-of-pocket NH expenditures, and an increase in
the risk and amount of informal caregiving received. Better
cognition predicted more out-of-pocket medical spending,
but cognition did not predict any other outcome. A greater
number of BPS predicted an increase in the risk of receiving
all types of caregiving. Thus, BPS and function should be
targeted by interventions.
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RESEARCH IN CONTEXT

1. Systematic review: There is limited information on
the effect of three important clinical features of de-
mentia—cognition, function, and behavioral and
psychological symptoms—on out-of-pocket medi-
cal and nursing home expenditures and informal care
received.

2. Interpretation: Poorer function is associated with
more of out-of-pocket medical spending, an in-
crease in the probability of having out-of-pocket
nursing home expenditures, and an increase in the
probability and amount of informal care received.
Higher cognition only predicted more out-of-pocket
medical spending, and a greater number of behav-
ioral and psychological symptoms predicted an in-
crease in the probability of receiving informal care.

3. Future directions: Studies should investigate the ef-
fect of clinical features on specific types of out-of-
pocket spending (e.g., inpatient and outpatient care)
and on Medicare expenditures.
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