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Abstract Introduction: This study evaluates rates of all-cause emergency department visits, all-cause hospi-
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talizations, potentially avoidable hospitalizations, and falls in 3 years preceding Alzheimer’s disease
(AD) diagnosis.
Methods: Patients with AD and controls with no cognitive impairment were identified from the
Medicare claims data. Patients were required to be aged � 65 years and have continuous Medicare
enrollment for�4 years before the index date (AD cohort: first AD diagnosis in 2012–2014; controls:
randomly selected medical claim). Outcomes for each preindex year were compared among propen-
sity score-matched cohorts.
Results: Each year, before index, patients with AD were more likely to have all-cause emergency
department visits, all-cause hospitalizations, potentially avoidable hospitalizations, and falls
(P, .05 for all comparisons) than matched controls (N5 19,679 pairs). Increasing absolute and rela-
tive risks over time were observed for all outcomes.
Discussion: The study findings highlight the growing burden of illness before AD diagnosis and
emphasize the need for timely recognition and management of patients with AD.
� 2019 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Potentially avoidable hospitalizations (PAHs) are admis-
sions to a hospital for certain chronic and acute illnesses
that could be prevented with successful management of these
conditions in outpatient settings [1–3]. PAHs have been
considered as indicators of quality of care provided in
ambulatory care settings. In 2006, the Medicare Payment
Advisory Commission revised a set of indicators called the
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Medicare Ambulatory Care Indicators for the Elderly
(MACIEs) to assess the quality of care provided in
ambulatory settings using the Medicare claims data [1]. Simi-
larly, the Agency for Healthcare Research and Quality devel-
oped the Prevention Quality Indicators (PQIs) to identify
PAHs using criteria that are fairly similar to those developed
by the Medicare Payment Advisory Commission [4]. Both
the MACIE and PQI criteria outline high-level paradigms of
care that, if properly delivered, should help patients avoid
hospitalization for conditions such as hypertension, chronic
obstructive pulmonary disease/asthma, heart failure, and uri-
nary tract infection. Because hospitalizations tend to be costlier
than ambulatory care, minimizing the incidence of preventable
hospital visits can also help reduce the overall cost of care.

Patients with Alzheimer’s disease (AD) and related
dementia (ADRD) are at a particularly increased risk
imer’s Association. This is an open access article under the CC BY-NC-ND
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of experiencing hospitalizations given the substantially
higher rates of comorbidities among these patients than
among those with normal cognition [5,6]. Indeed, several
studies have shown that the presence of dementia
complicates the management of comorbid conditions and
that hospitalization for these comorbidities involves a
substantial share of expenditures for patients with AD
[7,8]. In addition, it is estimated that in 2013, nearly one
in ten patients with ADRD experienced at least one PAH,
which resulted in approximately $2.6 billion in Medicare
expenditures [9]. Using data from an integrated care sys-
tem, Phelan et al. [10] found that the incidence of dementia
significantly increased the risk of all-cause hospitalizations
and PAHs compared to those without dementia. In a
different study using Medicare data, Lin et al. [11] found
similar results with regard to PAHs for short-term and
long-term diabetes complications and hypertension. The
study also found that among patients with PAH, those
with ADRD had significantly higher costs than control pa-
tients with no ADRD. In another study, using data from the
Health and Retirement Study linked with Medicare claims,
Feng et al. [12] found that after controlling for patient dif-
ferences, 7.3% of Medicare fee-for-service beneficiaries
with ADRD had a PAH annually compared with 4.2%
among those with no cognitive impairment. Using the
same data source, Davydow et al. [13] also found that
compared with respondents without dementia, those with
dementia had a 32% greater likelihood of experiencing a
PAH. The same study also reported that respondents with
cognitive impairment but no dementia—a cognitive status
that can develop several years before clinical AD diagnosis
[14] and affects as many as 20% of Americans aged 65 years
and older [15–17]—were 25% more likely to experience a
PAH than respondents with normal cognition. In addition,
even though falls are not formally considered a quality
metric by the Centers for Medicare and Medicaid
Services/Agency for Healthcare Research and Quality,
these could also potentially be avoided by adequate
patient management and supervision [2]. Indeed, several
studies have documented the high rates of falls among pa-
tients with AD [18,19].

To the best of our knowledge, however, no study to date
has evaluated the likelihood of PAHs or falls and associated
costs among patients with AD in the extended period leading
up to their AD diagnosis using real-world data. This prediag-
nosis period is of particular importance as the perceived
onset of cognitive impairment among patients eventually
diagnosed with AD could precede an initial diagnosis by
over 4 years [14,20–23]. For example, recent studies
detected episodic memory decline 7 to 10 years before the
diagnosis of mild cognitive impairment or AD dementia
[21,22]. In another study, using longitudinal clinical
assessment data from the National Alzheimer’s
Coordinating Center, we found that the subjective report of
cognitive decline occurred, on average, 4.5 years before
the diagnosis of AD [20]. A lack of diagnosis among patients
already experiencing cognitive impairment could in turn in-
crease complexities in the management of other acute and
chronic conditions commonly present among this population
and increase the overall medical resource use. Indeed, in a
recent study by Rosenbloom et al. [24], compared with pa-
tients who screened negative for dementia, those who
screened positive for dementia had experienced 32% higher
rates of emergency department (ED) visits and 39% higher
rates of hospitalization in the 18 months before the
screening.

The objective of this study was to examine the rates of
and costs associated with PAHs—for both chronic and acute
conditions—and falls in the 3 years preceding an AD diag-
nosis. In addition, to characterize the relationship between
PAHs and the overall resource use, the study also evaluated
the burden associated with all-cause hospitalizations and ED
visits before AD diagnosis.
2. Methods

2.1. Data

This study was conducted using deidentified administra-
tive claims data from the Standard Analytical Files for a 5%
random sample of Medicare beneficiaries. The data span the
years 1999–2014 and include information on Medicare
enrollment history, patient demographics, and detailed med-
ical claims including diagnosis codes, procedure codes,
place of service (e.g., hospital, physician office), dates of
service (year and quarter; precise dates available from
2009 onwards), provider type, provider specialty, and asso-
ciated payments made by Medicare to providers. However,
the data do not include Medicare Part D (i.e., prescription
drug) claims.

2.2. Study sample and time periods

Two mutually exclusive cohorts of patients were identi-
fied: patients with AD (“AD patients”) and without ADRD
(“controls”). Patients with AD were identified as Medicare
beneficiaries with at least two distinct medical claims with
a diagnosis code for AD (International Classification of Dis-
eases, Ninth Revision, Clinical Modification [ICD-9-CM]
code 331.0x), with the first such claim—defined as the study
index date—occurring between 2012 and 2014. In addition,
to minimize the likelihood of including patients with comor-
bid or misdiagnosed dementia, patients with AD were
required to have no claims for other dementia etiologies
(i.e., vascular dementia, Parkinson’s dementia, dementia
with Lewy bodies, frontotemporal dementia, or normal pres-
sure hydrocephalus) between or after the two most recent
AD diagnoses.

The control cohort was defined as patients with no claims
for AD, related dementia etiologies, or other dementia con-
ditions (i.e., dementia - unspecified, senile dementia, prese-
nile dementia, and dementia in conditions specified
otherwise) at any point in their medical history. The index
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date for controls was a randomly selected medical claim be-
tween 2012 and 2014 to ensure comparability with the AD
cohort who, by definition, had a medical interaction on their
index date. In addition, control patients were required to
have no indication of cognitive impairment (i.e., amnestic
disorders, drug- or alcohol-induced dementia, mild cognitive
impairment, other cerebral degeneration, other persistent
mental disorders, or other senile psychotic conditions) any
time before the index date. To increase computational effi-
ciency, a 25% sample of the control cohort was selected us-
ing a probability-based simple random sampling approach
[25,26]. The sampling approach consisted of two steps.
First, all patients were assigned a random number between
0 and 1 using the SAS software. After this, patients with
values less than 0.25 (representing 25% of the overall
sample) were included in the final sample. A random
sampling approach was used to ensure that the selected
subset of patients was representative of the overall cohort
meeting the selection criteria.

Continuous, non-HMO Medicare enrollment was
required during the period 4 years before the index date
for all patients. Patients were also required to be
aged � 65 years and have no hospice use during this period.
The year beginning 4 years before the index date constituted
the baseline period, whereas the period 3 years before the in-
dex date constituted the study period for both cohorts
(Supplementary Appendix Fig. 1).

2.3. Baseline patient characteristics

Patient characteristics—including demographics (age,
gender, race, US census region), year of index date, Charl-
son Comorbidity Index and its components [27,28], select
additional comorbidities (hyperlipidemia, depression,
psychosis, and bipolar disorders), proportions of patients
with �1 hospitalization, ED visit, outpatient/physician
office visit, skilled nursing facility (SNF) visit, or home
health-care visit and total medical costs during the base-
line period—were compared between the AD and control
cohorts. Costs are reported in 2015 US dollars [29] and
reflect amounts paid by Medicare to providers on a fee-
for-service basis. Statistical significance of differences
was assessed using chi-square tests for categorical vari-
ables and Wilcoxon rank-sum tests for continuous mea-
sures.

2.4. Outcomes

Measures of all-cause ED visits, hospitalizations, PAHs
for chronic and acute conditions, and falls were compared
between cohorts in each year of the study period. Specif-
ically, for each outcome, we quantified the proportions of pa-
tients experiencing at least one event within the year. In
addition, we estimated the average per-patient costs associ-
ated with all-cause hospitalizations and all-cause ED visits
for the two cohorts. Furthermore, for all outcomes, we also
calculated the average number of events experienced by
the patients with at least one event and average medical costs
associated with the outcome to examine potential differ-
ences in the frequency and complexity of events across the
two cohorts.

All-cause hospitalizations and ED visits were identified
based on the definitions suggested by the Centers for Medi-
care and Medicaid Services [30,31]. Falls were identified as
hospitalizations or ED visits with a diagnosis code for fall
(ICD-9-CM: E880-E888). PAHs were identified based on
criteria defined by MACIE and PQI [2,4]. In this study, we
analyzed hospitalizations associated with serious short-
term complications of diabetes, serious long-term complica-
tions of diabetes, chronic obstructive pulmonary disease or
asthma, hypertension, heart failure, and ED visits with un-
stable angina to identify PAHs associated with these chronic
conditions. For acute conditions, hospitalizations associated
with dehydration, urinary tract infection, and bacterial pneu-
monia as the primary reasons were considered. These condi-
tions were selected as they represent common acute and
chronic conditions among the Medicare population, which
are considered sensitive to ambulatory care in the most
recent MACIE guidance and are readily identifiable in the
Medicare claims data [2,4].
2.5. Statistical analyses

Our analytical approach consisted of two steps. First, to
identify potential differences in outcomes resulting from
an AD diagnosis, patients with AD were matched one-to-
one to controls using propensity score-based greedy
matching algorithm [32,33]. Propensity scores (i.e., the
predicted probability of being a patient with AD) were
estimated using a logistic regression model with cohort
assignment (AD vs. control) as the dependent variable and
baseline patient characteristics including demographics,
Charlson Comorbidity Index components with �3%
prevalence in the AD cohort, rates of select additional
comorbidities, rates of medical resource use, and medical
costs as independent variables. After estimating the
propensity scores, the two cohorts were matched one-to-
one using a greedy matching algorithm with a caliper of
0.25 standard deviations of the propensity score (on the
log odds scale).

Then, the statistical significance of differences in
baseline characteristics and outcomes was compared be-
tween the matched cohorts using McNemar’s test for cat-
egorical variables and Wilcoxon sign-rank test for
continuous measures. In addition, relative risks of expe-
riencing an all-cause ED visit, hospitalization, PAH, or
fall among the patients in the AD cohort relative to
matched controls were estimated during each year of
the study period.

Because propensity score matching can result in exclu-
sion of certain patients for whom a match is not obtained,
potentially affecting the generalizability of findings, we
also conducted a regression-based sensitivity analysis.
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Logistic regression models were used to estimate the risk of
all-cause hospitalizations, ED visits, and �1 PAH (overall)
for patients with AD relative to controls. The models were
estimated for the unmatched cohorts with cohort assignment
as the key predictor variable and baseline characteristics
(similar to those used to estimate propensity scores) as cova-
riates.

All statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC). A P value
, .05 was considered statistically significant.
3. Results

The selection criteria before matching resulted in a sam-
ple of 21,222 patients with AD and 151,792 control patients
(Fig. 1).

3.1. Baseline characteristics

Before matching, patients with AD were older (83.6 vs.
77.3 years) than controls on index and had significantly
higher rates of comorbidities such as cerebrovascular dis-
ease (16.8% vs. 7.5%), congestive heart failure (14.2% vs.
8.4%), and depression (14.3% vs. 5.9%) during the baseline
period (Table 1). Furthermore, patients with AD were
significantly more likely to use medical services and
incurred higher medical costs during baseline than control
patients ($9597 vs. $6051). P values were, .05 for all com-
parisons.

The matching process resulted in 19,679 matched pairs of
patients with AD and controls with similar demographic
characteristics and comorbidities (Table 1).

3.2. Relative risks of experiencing the outcomes over time

During each year before index, patients with AD were
significantly (P , .01) more likely than matched controls
1

3
No recent indications of other dementia (for AD cohort); 
no CI prior to index*(for Controls)

4
No hospice use; continuous non-HMO enrollment in 
Medicare; age ≥65 years for ≥4 years before index

5 Final analytic sample

2 Identify patients with AD (AD cohort) and with no ADRD 
ever (Controls)

Beneficiaries with ≥2 medical claims in 2012-2014

Fig. 1. Sample selection and resulting patient counts. Abbreviations: AD, Alzheim

impairment; HMO, health maintenance organization. *Index for AD cohort: first
to have �1 all-cause ED visit and all-cause hospitalization,
with the likelihoods and relative risks increasing over time
(Figs. 2 and 3, Table 2). In addition, patients with AD were
significantly more likely to have �1 PAH (overall) during
each year before index: (1) 6.5% vs. 4.8% three years
before; (2) 8.3% vs 5.5% two years before; and (3) 14.6%
vs. 8.6% one year before index (P , .01 for all compari-
sons). As with all-cause ED visits and hospitalizations,
the relative risk of experiencing a PAH in the AD cohort
increased from 1.35 three years before index to 1.70 during
the year leading up to the index date compared with
matched controls (Table 2). However, for both cohorts,
the proportion of patients with �1 all-cause hospitalization
and�1 PAH was similar: (1) approximately 33% in the sec-
ond and third years before index and (2) approximately 40%
in the year before index.

When considering individual conditions comprising the
overall rates of PAH, for both cohorts, PAHs for chronic
obstructive pulmonary disease/asthma were most frequent
(2%–6% in years 3-1 before index), and PAHs for short-
term complications of diabetes were the least common
(�0.2% in each year before index). As with the overall
rate of PAHs, the relative risks of PAHs for the AD cohort
increased over time for all conditions other than short-term
complications for diabetes, hypertension, and bacterial
pneumonia (Table 2).

Results were similar with regard to relative risks for falls.
Specifically, patients in the AD cohort were significantly
(P , .01) more likely to have a hospitalization or ED visit
related to falls in every year before the index than matched
controls; the likelihoods increased over time (7.0% vs.
3.4%—risk ratio: 2.04 three years before index to 10.6%
vs. 3.8%—risk ratio: 2.80 one year before index; Table 2).

Results of regression-adjusted sensitivity analyses were
similar to the core study results (Supplementary Appendix
Table 1).
N = 2,072,756

n = 36,862 n = 1,776,574

n = 32,554

n = 21,222

Same as Step 4
n = 21,222

n = 1,588,251

n = 607,171

25% random sample 
n = 151,792

AD Controls

er’s disease; ADRD, Alzheimer’s disease and related dementia; CI, cognitive

AD diagnosis; for controls: date of a randomly selected medical claim.



Table 1

Baseline patient characteristics before and after matching

Patient characteristics

Unmatched Matched

AD Controls

P

AD Controls

P(N 5 21,222) (N 5 151,792) (N 5 19,679) (N 5 19,679)

Age, mean (SD) 83.59 (6.78) 77.28 (6.19) ** 83.34 (6.67) 83.47 (6.97)

Male (%) 33.5% 43.2% ** 34.0% 33.9%

Race (%) - - ** - -

White 87.9% 88.9% 87.9% 87.8%

Black 7.3% 6.3% 7.2% 7.1%

Asian 1.5% 1.6% 1.5% 1.6%

Hispanic 2.1% 1.2% 2.1% 2.1%

North American Native 0.3% 0.4% 0.3% 0.3%

US Census region (%) - - ** - -

West 15.0% 17.8% 15.2% 15.3%

Midwest 23.7% 24.1% 23.7% 23.8%

Northeast 18.2% 18.3% 17.9% 17.8%

South 42.7% 39.5% 42.7% 42.8%

Year of index date (%) - - ** - -

2012 38.9% 33.7% 38.8% 38.7%

2013 35.2% 32.4% 35.3% 35.3%

2014 25.9% 33.9% 26.0% 26.0%

Patients with �1 CCI components

Chronic pulmonary disease 18.3% 15.3% ** 18.0% 18.1%

Peripheral vascular disease 17.9% 10.0% ** 16.7% 16.5%

Cerebrovascular disease 16.8% 7.5% ** 15.2% 15.1%

Mild to moderate diabetes 16.4% 16.6% 16.4% 16.8%

Congestive heart failure 14.2% 8.4% ** 13.5% 13.5%

Any malignancy including lymphoma and leukemia 11.5% 11.9% 11.7% 12.0%

Diabetes with chronic complications 10.4% 7.4% ** 10.0% 10.0%

Renal disease 9.6% 6.3% ** 9.2% 9.3%

Myocardial infarction 4.9% 3.4% ** 4.6% 4.5%

Rheumatologic disease 3.5% 2.9% ** 3.4% 3.4%

Patients with �1 additional comorbidities

Hyperlipidemia 57.1% 58.3% ** 57.1% 57.8%

Depression 14.3% 5.9% ** 12.7% 12.2%

Psychosis 3.3% 0.4% ** 2.1% 1.7% **

Bipolar disorder 1.1% 0.4% ** 0.9% 0.8%

Baseline resource use (patients with �1 visit [%])

Emergency department visits 35.8% 21.3% ** 33.8% 33.1%

Inpatient visits 19.6% 11.9% ** 17.9% 17.2%

Outpatient/physician office visits 97.0% 96.4% ** 96.8% 96.9%

Skilled nursing facility visits 6.1% 1.6% ** 4.6% 4.1% *

Home health-care visits 13.2% 4.6% ** 11.4% 10.6% **

Baseline costs, mean (SD) $9597 ($18,379) $6051 ($13,395) ** $8711 ($17,074) $8457 ($17,254) **

Abbreviations: AD, Alzheimer’s disease; CCI, Charlson Comorbidity Index; SD, standard deviation.

**P, .01 and *P, .05, evaluated beforematching using chi-square tests for proportions andWilcoxon rank-sum tests for continuousmeasures and evaluated

after matching using McNemar’s tests for proportions and Wilcoxon sign-rank test for continuous measures.
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3.3. Relative frequencies and costs associated with
outcomes over time

Among patients with �1 hospitalization, on average, pa-
tients with AD experienced more hospitalizations per year
than matched controls: (1) 1.54 vs. 1.43 three years before
index; (2) 1.60 vs. 1.47 two years before index; and (3)
1.78 vs. 1.56 the year before index (Table 3). Results were
similar among patients with �1 ED visit. Similarly, among
patients experiencing at least one PAH, the average number
of PAH per patient increased from 1.46 three years before in-
dex to 1.67 during the year before index for AD cohort
compared with 1.41 and 1.57, respectively, for controls;
the differences, however, were not statistically significant.
Results were similar when evaluating each condition sepa-
rately (other than hypertension and bacterial pneumonia).

With regard to costs, in each year of the study period, the
average per-patient medical costs associated with hospitali-
zations and ED visits were significantly higher for patients
with AD than those for matched controls, with the costs
increasing over time (Figs. 2 and 3). Results were similar
among patients with �1 ED visit in a given year (Table 3).
Among those with �1 hospitalization, the average per-
patient cost associated with hospitalizations was higher for



Fig. 2. Rates of and costs associated with all-cause ED visits during each year before index (N5 19,679 matched pairs). P, .01 for all comparisons, evaluated

using McNemar’s tests for proportions and Wilcoxon sign-rank test for continuous measures. Average per-patient costs (from Medicare perspective) were esti-

mated among all patients within a cohort, including those with no ED visit during the relevant year. Abbreviations: AD, Alzheimer’s disease; ED, emergency

department.
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the AD cohort in the year before index ($15,342 vs. $13,749,
P , .01); however, the two cohorts had similar costs three
years and two years before index. The average per-patient
costs associated with PAH, among those experiencing �1
PAH, increased similarly over time for both cohorts from
w$11,000 three years before index to w$14,000 during
the year before index.
Fig. 3. Rates of and costs associated with all-cause hospitalizations during each y

evaluated using McNemar’s tests for proportions and Wilcoxon sign-rank test for c

were estimated among all patients within a cohort, including those with no hospit
Regarding patients experiencing a fall, in each year of the
study period, the AD cohort appeared to have slightly higher
number of falls and associated costs than matched controls,
although the differences were not statistically significant
(Table 3). In contrast to the results seen for all-cause costs
and PAH, both cohorts experienced a decline in fall-
related costs over time.
ear before index (N 5 19,679 matched pairs). P , .01 for all comparisons,

ontinuous measures. Average per-patient costs (from Medicare perspective)

alization during the relevant year. Abbreviation: AD, Alzheimer’s disease.



Table 2

Relative risks of health service use, PAHs, and falls in each year before index date (N 5 19,679 matched pairs)

Condition

Time before index date

Year 3 Year 2 Year 1

AD Controls RR

P

AD Controls RR

P

AD Controls RR

P% %

AD/

controls % %

AD/

controls % %

AD/

controls

All-cause ED visits 37.2 27.5 1.35 ** 41.8 29.0 1.44 ** 60.2 37.0 1.62 **

All-cause hospitalizations 20.2 15.5 1.30 ** 23.4 15.7 1.49 ** 37.6 22.5 1.67 **

Any PAH 6.5 4.8 1.35 ** 8.3 5.5 1.51 ** 14.6 8.6 1.70 **

PAH for chronic conditions

Short-term complications of diabetes 0.05 0.02 2.25 0.07 0.03 2.17 0.15 0.04 3.75 **

Long-term complications of diabetes 1.2 0.7 1.61 ** 1.4 0.8 1.89 ** 2.4 1.2 1.95 **

COPD/asthma 2.6 2.2 1.17 * 3.3 2.7 1.23 ** 5.5 4.2 1.32 **

Hypertension 0.1 0.1 1.16 0.1 0.1 1.25 0.2 0.2 1.00

Heart failure 1.9 1.6 1.17 * 2.5 1.9 1.31 ** 4.9 3.4 1.45 **

PAH for acute conditions

Dehydration 0.4 0.2 1.93 ** 0.4 0.1 2.88 ** 0.7 0.2 3.72 **

Bacterial pneumonia 1.1 0.8 1.36 ** 1.5 1.0 1.60 ** 2.5 1.6 1.59 **

Urinary tract infection 1.0 0.4 2.44 ** 1.5 0.6 2.60 ** 3.5 0.6 5.35 **

Any fall 7.0 3.4 2.04 ** 6.9 3.0 2.27 ** 10.6 3.8 2.80 **

Abbreviations: AD, Alzheimer’s disease; COPD, chronic obstructive pulmonary disease; ED, emergency department; PAH, potentially avoidable hospital-

ization; RR, risk ratio.

**P , .01 and *P , .05, evaluated using McNemar’s tests for proportions and Wilcoxon sign-rank test for continuous measures.
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4. Discussion

Previous studies evaluating the prevalence of and costs
associated with PAH among elderly patients with dementia
have found that the presence of ADRD is associated with
an increased risk of resource use, including PAHs, and
costs [9–13]. These studies, however, have largely
focused on the postdiagnosis period. Our study results
provide evidence that even before an AD diagnosis,
Medicare fee-for-service beneficiaries have substantially
higher rates of all-cause ED visits, all-cause hospitaliza-
tions, PAHs, and hospitalizations or ED visits for falls
than matched control patients with no cognitive impair-
ment. Over time, the likelihoods of these events increased
for both cohorts; however, the relative risks were higher in
the AD cohort relative to matched controls. For example,
three years before index, patients with AD were 1.4 times
more likely to experience all-cause hospitalizations and
PAHs than matched controls; the relative risk of experi-
encing the same events in the AD cohort increased to
1.7 in the year before index. However, for both cohorts,
the proportion of patients with �1 all-cause hospitaliza-
tion and �1 PAH in a given year was similar: (1) approx-
imately 33% in the second and third years before index
and (2) approximately 40% in the year before index. These
findings suggest that the increased likelihood of experi-
encing a PAH may, in part, be driven by the fact that pa-
tients with AD are generally more likely to have a
hospitalization than patients without AD—a finding that
is consistent with prior research [10,12,24]. In addition,
among those with at least one hospitalization, on
average, the number of hospitalization for the AD cohort
was higher than that for matched controls in each year
of the study period, suggesting a greater intensity of
resource use among patients with AD. Results were
similar when evaluating subsets with PAHs, although the
differences were not statistically significant.

Taken together, these results suggest that patients even-
tually diagnosed with AD are not only more likely to have
a hospitalization or ED visit, and consequently PAHs or
falls in the years leading up to the diagnosis, but are
also likely to have more of these events than matched con-
trols. For example, in the year before the diagnosis, 7390
patients with AD experienced 13,154 hospitalizations for
any reason, and 4806 (37%) of these were for conditions
that, if managed appropriately in ambulatory settings,
could have been potentially prevented. By comparison,
4429 matched controls experienced 6909 all-cause hospi-
talizations, and 2664 (39%) of these were potentially
avoidable. Similarly, for falls, in the year before diagnosis,
the proportion of patients with at least one event was
nearly three times higher in the AD cohort than that of
the matched controls (10.6% vs. 3.8%), resulting in 1860
more fall-related hospitalizations or ED visits than
matched controls.

With regard to costs, we find that on average, patients
with AD have higher average costs related to hospitaliza-
tions and ED visits during the three years before the
formal diagnosis, with the estimates increasing up to the
point of diagnosis. An increased economic burden before
AD diagnosis has also been demonstrated by other studies
such as that by Geldmacher et al. [34] who found that



Table 3

Number of and costs associated with health service use, PAHs, and falls in each year before the index date among patients with at least one event (N5 19,679

matched pairs)

Condition

Time before index date

Year 3 Year 2 Year 1

AD Controls P AD Controls P AD Controls P

Average number of,

mean (SD)

All-cause ED visits 5.00 (4.53) 4.25 (3.40) ** 5.56 (4.94) 4.34 (3.40) ** 6.71 (6.08) 4.84 (4.01) **

All-cause

hospitalizations

1.54 (0.97) 1.43 (0.84) ** 1.60 (1.08) 1.47 (0.90) ** 1.78 (1.27) 1.56 (1.04) **

Any PAH 1.46 (0.94) 1.41 (0.84) 1.53 (1.03) 1.48 (0.96) 1.67 (1.25) 1.57 (1.10)

PAH for chronic

conditions

Short-term

complications

of diabetes

1.11 (0.33) 1.00 (0.00) 1.23 (0.60) 1.00 (0.00) 1.03 (0.18) 1.00 (0.00)

Long-term

complications

of diabetes

1.27 (0.63) 1.24 (0.66) 1.35 (0.84) 1.28 (0.66) 1.42 (0.92) 1.28 (0.74)

COPD/asthma 1.64 (1.07) 1.46 (0.83) 1.71 (1.18) 1.53 (0.97) 1.89 (1.43) 1.65 (1.19)

Hypertension 1.00 (0.00) 1.16 (0.69) 1.16 (0.55) 1.10 (0.31) 1.02 (0.16) 1.07 (0.26)

Heart failure 1.52 (0.99) 1.49 (0.92) 1.55 (0.98) 1.57 (0.99) 1.81 (1.38) 1.67 (1.15)

PAH for acute

conditions

Dehydration 1.01 (0.11) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.03 (0.16) 1.00 (0.00)

Bacterial

pneumonia

1.10 (0.30) 1.11 (0.33) 1.07 (0.31) 1.08 (0.33) 1.09 (0.33) 1.06 (0.26)

Urinary tract

infection

1.11 (0.48) 1.05 (0.27) 1.07 (0.29) 1.07 (0.34) 1.11 (0.37) 1.06 (0.24)

Any fall 1.27 (0.63) 1.18 (0.46) 1.22 (0.59) 1.12 (0.35) 1.28 (0.67) 1.08 (0.35) **

Associated costs,

mean (SD)

All-cause ED visits $1729 ($1955) $1546 ($1892) ** $1930 ($2181) $1595 ($1871) ** $2337 ($2492) $1886 ($2209) **

All-cause

hospitalizations

$13,144 ($16,394) $13,504 ($15,924) $13,595 ($17,976) $13,155 ($15,914) $15,342 ($20,363) $13,749 ($17,233) **

Any PAH $11,433 ($13,948) $11,975 ($15,141) $12,124 ($15,465) $12,073 ($14,216) $14,015 ($18,978) $14,009 ($17,176)

PAH for chronic

conditions

Short-term

complications

of diabetes

$17,363 ($16,350) $5229 ($3103) $12,433 ($8694) $4079 ($2065) $9733 ($9215) $4571 ($2204)

Long-term

complications

of diabetes

$11,715 ($11,881) $12,063 ($12,384) $12,608 ($16,124) $12,186 ($13,412) $14,140 ($18,399) $13,950 ($16,390)

COPD/asthma $13,249 ($14,098) $12,569 ($14,174) $13,982 ($16,398) $13,033 ($15,296) $17,324 ($21,066) $15,015 ($17,746)

Hypertension $4533 ($4769) $4490 ($3776) $4884 ($6729) $5933 ($5697) $3742 ($2550) $3966 ($2470)

Heart failure $13,907 ($16,384) $15,090 ($19,785) $14,941 ($16,900) $12,946 ($12,505) $17,361 ($20,618) $16,485 ($18,761)

PAH for acute

conditions

Dehydration $3654 ($1961) $3438 ($1712) $3839 ($2685) $3788 ($2870) $4545 ($3647) $4672 ($3628)

Bacterial

pneumonia

$6254 ($4776) $7107 ($6620) $6378 ($5522) $6960 ($5533) $6872 ($6893) $6334 ($5784) *

Urinary tract

infection

$4803 ($3728) $4112 ($1946) $4818 ($3284) $4670 ($2859) $5337 ($4304) $5077 ($3798)

Any fall $2798 ($5874) $2474 ($5937) $1568 ($4676) $1487 ($4544) $845 ($3401) $734 ($2942)

Abbreviations: AD, Alzheimer’s disease; COPD, chronic obstructive pulmonary disease; ED, emergency department; PAH, potentially avoidable hospital-

ization; SD, standard deviation.

**P , .01 and *P , .05, evaluated using McNemar’s tests for proportions and Wilcoxon sign-rank test for continuous measures.
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compared with matched controls, patients with AD had
$5549 in excess total medical costs during the year before
diagnosis and by Lin et al. [35] who found that during the
year before diagnosis, the average medical costs for pa-
tients newly diagnosed with ADRD or mild cognitive
impairment were w40% higher than those of the matched
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controls. However, we find that conditional on having a
hospitalization (or PAHs or falls, for that matter) in a given
year, the average per-patient costs associated with the
event did not differ across the two cohorts. Although the
precise mechanism behind this finding remains unknown,
results suggest that despite patients with AD experiencing
more events before the index date, the severity of the
events may be similar. Nevertheless, the fact that more pa-
tients among the AD cohort experience these events sug-
gests that the incremental cost burden associated with
these outcomes in the prediagnosis period is greater
among patients eventually diagnosed with AD than among
those with no cognitive impairment.

The findings of this study could be attributed to the fact
that patients eventually diagnosed with AD experience
symptoms of cognitive impairment several years earlier,
which could result in complexities in the management of
their comorbidities and general health. Although our study
findings underscore the need for timely diagnosis and
optimal management of patients with cognitive impairment,
additional research is needed to understand the extent to
which interventions targeted to improve dementia evaluation
and care management might reduce medical resource use in
the real world [24,36].

Recently, initiatives such as the Medicare Annual Well-
ness Visit [37] and the National Alzheimer’s Project Act
[38] have been introduced to improve the detection and man-
agement of patients with AD. Similarly, the Alzheimer’s As-
sociation has proposed several strategies to improve
dementia care and reduce the rates of PAHs and falls,
including (but not limited to) following best practices for
care management, educating providers about dementia and
its impact on comorbidities, and targeting cognitively
impaired patients who live alone in an effort to prevent falls
[5]. However, dementia-related quality measures are not yet
an integral part of the current health-care system [39]. Future
real-world studies, particularly those that characterize the
trajectory of health-care resource utilization across the early
continuum of AD, could help inform strategies for optimal
care management of patients at the earliest stages of the dis-
ease.
4.1. Strengths and limitations

To the best of our knowledge, this is the first study to
provide comprehensive estimates of the incremental
resource use, costs, and PAHs in the period leading up to
the AD diagnosis using data from a nationally representa-
tive sample of Medicare beneficiaries. In addition, the
study used robust analytical techniques to minimize the ef-
fects of confounding and selection bias. Nevertheless, the
study is subject to limitations associated with an observa-
tional study design, including any inaccuracies or incom-
pleteness of the ICD-9-CM codes used to identify
diagnoses and any lack of clinical information (e.g., to
assess dementia etiology/severity), and therefore, the study
findings should be interpreted with caution. In particular,
previous studies have reported that a substantial proportion
of individuals with dementia were not informed about their
diagnosis [40]. To the extent that a similar pattern of under-
reporting of AD diagnoses exists in administrative claims
data, this analysis may not characterize the full cohort of
patients with AD in Medicare. Relatedly, although the
study used algorithms to minimize the inclusion of patients
with cognitive impairment in the control cohort, an un-
known proportion of these patients may, in fact, have
symptoms of cognitive impairment, and the true differ-
ences in outcomes may be larger than those reported in
the present study. Similarly, although we excluded patients
with other known etiologies of dementia, the proportion of
patients with mixed dementia etiology is not known, and
the findings may not be applicable to patients with other
forms of dementia. In addition, while the propensity
score matching analysis and the regression sensitivity ana-
lyses controlled for observable differences across patient
cohorts, it cannot account for unobserved heterogeneity
such as factors related to care provision in the ambulatory
settings. Furthermore, the cost estimates reported in the
study do not reflect prescription drug use or medical ser-
vices covered by other payers (e.g., Medicare/Medicaid
dual eligibility) and over-the-counter medications or
informal care. Finally, findings are limited to
beneficiaries enrolled in fee-for-service Medicare and
may not be generalized to other populations (e.g., covered
by managed Medicare).
5. Conclusions

Our study results suggest that even before AD diagnosis,
patients have a considerable burden in terms of increased
hospitalizations and ED visits, a third to 40% of which could
be considered potentially avoidable according to the MA-
CIE/PQI quality metrics. These findings further highlight
the growing burden in the pre-AD diagnosis period and
emphasize the need for timely recognition and management
of patients with AD.
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RESEARCH IN CONTEXT

1. Systematic review: Recent literature suggests that
people with Alzheimer’s disease (AD) are at an
increased risk of experiencing hospitalizations,
many of which could be potentially preventable
with better ambulatory care. Little is known, howev-
er, about the trends in health services provided during
the extended period leading up to the AD diagnosis,
during which time many people experience cognitive
impairment symptoms.

2. Interpretation: We find that even before AD diag-
nosis, people with AD have substantially higher
and increasing likelihoods of hospital and emergency
department visits than similar people with no cogni-
tive impairment. A third to 40% of these visits could
be potentially avoidable according to the existing
quality metrics.

3. Future directions: Future research should explore the
specific mechanisms, particularly related to comor-
bidity management, associated with medical services
used during the earliest stages of cognitive impair-
ment, and assess the implications of timely diagnosis
and treatment among people with AD.
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