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Abstract

INTRODUCTION: We estimate the longitudinal spending attributable to Alzheimer’s disease and
related dementias (ADRD) to the United States government for five years post-diagnosis.

METHODS: Using data from the Health and Retirement Study matched to Medicare and
Medicaid claims, we identify a retrospective cohort of adults with a claims-based ADRD diagnosis
along with matched controls.

RESULTS: The costs attributable to ADRD are $15,632 to traditional Medicare and $8,833 to
Medicaid per dementia case over the first five years after diagnosis. Seventy percent of Medicare
costs occur in the first two years; Medicaid costs are concentrated among the longer-lived
beneficiaries who are more likely to need long-term care and become Medicaid-eligible.

DISCUSSION: Because the distribution of the incremental costs varies over time and between
insurance programs, when interventions occur and the effect on the disease course will have
implications for how much and which program reaps the benefits.

Keywords
Medicaid; Medicare; spending; longitudinal costs

1. Background

Over 5.7 million adults are currently living with Alzheimer’s disease and related dementias
(ADRD) in the United States (US) todayl-4. Current estimates suggest that ADRD is costing
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Medicare (Parts A and B) between $3,019 and $10,598 per person per year, in 2017
dollars®°. However, these cost estimates are incomplete. The prescription drug program
within Medicare, Part D, was enacted in 2006 and thus these expenditures are missing

from the older literature. Medicaid, the public insurance program for the low-income
population and the primary payer for long-term care in the U.S.10, is often ignored.

Since ADRD is characterized by cognitive impairment leading to difficulties with daily
activities!?, long-term care expenditures are likely considerable. Medicaid’s role in covering
those expenditures is also considerable, since over one-quarter of people with ADRD are
dual-eligible (covered by both Medicare and Medicaid), compared to 11 percent for the
general population!2, The literature estimating the impact of ADRD on Medicaid is sparse
due to data limitations’. Four papers estimate the costs to Medicaid nationally, relying on
self-reported utilization and imputed Medicaid expenditures” 1315, Two papers use Medicaid
claims, but only for one state6 or one urban areal’. In order to prepare for the future, policy
makers need to be armed with reliable estimates of the incremental costs of ADRD to both
public health insurance programs, Medicare and Medicaid.

In addition to the incompleteness of the costs estimated, the literature has predominantly
focused on estimating costs based on prevalent cases. Prevalent cost estimates are useful for
knowing current spending but have limited use for predicting future costs if either the case
mix is changing or if the costs of the disease vary over the course of the disease. Recent
work suggests both are happening. The incidence rate of ADRD is declining in high-income
countries®18, leading to a changing case mix, and evidence suggests that costs associated
with dementia vary greatly based on time since diagnosis or time prior to death1%19-24,

This paper builds on work by White et al.?! to estimate the incremental costs of ADRD to
the public purse through the Medicare (Parts A, B, and D) and Medicaid programs for the
first five years after diagnosis. We estimate total spending and spending by cost component
(inpatient, prescription drugs, nursing homes and home health care, and other spending) to
understand what utilization is driving costs. These elements are crucial to understanding the
current and future cost burden of ADRD.

2. Methods

2.1 Data

We use data from the Health and Retirement Study (HRS) 1992-2015, a publicly available,
nationally representative bi-annual survey that gathers information on the health, health
services utilization, and financial resources of older Americans (age 50+). We use the
subset of survey respondents who consented to link survey responses to Medicare Parts

A (inpatient), B (outpatient), and D (prescription drug) claims from 1992-2015 (over 80%
of Medicare-eligible participants). These data include carrier, durable medical equipment,
home health, hospice, inpatient, outpatient, and skilled nursing facilities. Minimal bias is
introduced by this sample restriction?>:26,

In addition, we use linked Medicaid claims (MAX files) from 1999-2012 for those who
were enrolled in Medicaid fee-for-service at any point during the study period. We do not
use the limited information in the MAX files on Managed care enrollees.2” We do include
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individuals with both full- and partial-benefits within the Medicaid program since they
represent costs to the system.

2.2 Sample

We defined the dementia cohort using ICD-9 diagnostic codes from Medicare claims. To
qualify as a dementia case, individuals were required to be enrolled in Medicare Parts

A and B coverage for at least 12 months before and one month after receipt of one

of the following diagnosis codes in an inpatient, skilled nursing facility (SNF), home
health, hospital outpatient or carrier claim: 331.x, 290.x, 294.x, or 797.19.28 (Specific codes
provided in Appendix Table Al.) We defined the diagnosis date for dementia cases as the
date of the first qualifying diagnosis code, which is likely after the true onset date. We
eliminate individuals in Medicare Advantage plans around the time of diagnosis due to
incomplete utilization information available in claims data.

To isolate the incremental costs due to ADRD, we selected a comparison group of HRS
participants matching on sex, race/ethnicity, birth year, HRS-survey entry year, and state of
residence. After matching the dementia cases, up to five controls were randomly selected for
each case. The comparison group faced similar inclusion criterion; they had to be enrolled
in Medicare Parts A and B for the 12 months before and one month after the diagnosis
date of their matched case. Additionally, controls had no dementia diagnosis themselves or
for a household member (as identified through the household member’s claims data) prior
to diagnosis or for the 72 months following the diagnosis date of their matched dementia
case. This last criterion addresses the concern that the health and health care costs of

these participants may have been influenced by their household member’s dementia.29:30
Individuals who eventually received a dementia diagnosis were eligible to be controls at
younger ages (at least 6 years prior to diagnosis). This was allowed to ensure comparable
longevity spells between our cases and controls. Controls were given the diagnosis date of
their assigned case to allow for a comparison of equivalent time periods.

Study procedures were approved by the Institutional Review Board at the University

of Washington, the University of Pennsylvania, the HRS Restricted Data Applications
Processing Center, and the Centers for Medicare and Medicaid Services (CMS) Privacy
Board.

2.3 Outcomes

We measured expenditures covered under Medicare and Medicaid. We separately estimate
total Medicare spending, total Medicaid spending, and spending by service component
within each program: inpatient, prescription drugs, nursing home and home health, and all
other spending (for example, durable medical equipment), the largest component of which is
physician services. We categorize expenditures based on the delivery location, but recognize
the types of services covered in home health and nursing facilities differ— post-acute care in
Medicare, and would include long-term care for Medicaid.

Monthly expenditures for the 12 months prior to and 60 months following the diagnosis
date were calculated. We adjusted expenditures for inflation using the Personal Consumption
Expenditures price index for health care and report all amounts in 2017 dollars.
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2.4 Statistical analysis

To calculate the marginal effect of dementia on public expenditures, we used the estimator
described by Basu and Manning (2010) for estimating costs under censoring.3! Censoring
appears in our data for two reasons: individuals can switch out of traditional Medicare to
Medicare Advantage, or their 60 month follow-up period can extend beyond 12/31/2015,
the endpoint of our claims data. Estimation was done in several steps. First, costs were
estimated using a two-part model due to the skewness in medical cost data; the first part

of the model estimated the probability of any costs during each month using a logit model,
while the second part estimated the magnitude of costs when costs were greater than zero
using a generalized linear model with gamma family and log link. This two-step procedure
is estimated on two separate samples when estimating Medicare expenditures, both total and
by service component, and when estimating total Medicaid expenditures: (1) for all observed
months prior to death or censoring, and (2) for the month in which death occurred. We
estimate separately for the month of death due to the high concentration of costs around the
time of death. Due to small sample sizes when estimating Medicaid expenditures by service
component, only one sample is used, combining all observed months including the month

in which death occurred. Finally, an accelerated failure time model based on the lognormal
distribution for time was used to estimate each subject’s survival function after accounting
for censoring.

All models controlled for age, sex, race, marital status, education (< college, college+),
quartile of total Medicare expenditures for the 12 months prior to the diagnosis date, and
indicator variables for the following comorbid conditions: anemia, arthritis, chronic kidney
disease, chronic obstructive pulmonary disease, depression, diabetes, heart disease (atrial
fibrillation, ischemic heart disease, or heart failure), hypertension, and stroke. Additionally,
models included time from diagnosis (in months), an interaction term for dementia status
and time from diagnosis, indicators for years since diagnosis, and interactions between time
since diagnosis and the year indicator variables. These terms allow for non-linearity in the
relationship between time and costs, and for this relationship to differ based on the year from
diagnosis.

The marginal effects from each of the models were estimated using recycled predictions for
the dementia cases. Standard errors were obtained via bootstrapping with 1,000 iterations.
All analyses were conducted in Stata 17 (StataCorp LP, College Station, TX).

3. Results

Table 1 presents the characteristics of the sample, comparing dementia cases (n=3,658) to
the first matched control. We match on sex, race/ethnicity and birth year, so we see no
statistical differences in those characteristics by design. There are no statistical differences
in marital status. However, there are differences in levels of education, with the dementia
cohort being slightly less educated than their first control. Further, the dementia cohort is
significantly sicker across the board, with every comorbidity, except cancer, more prevalent
at baseline. This difference in baseline health helps to explain the difference in baseline
Medicare expenditures between the two cohorts; Medicare spending on the dementia cohort
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is almost twice as high as spending on the controls before the dementia diagnosis. We adjust
for these covariates in all regression models.

Insurance coverage varies between the cases and the first-matched control, with higher
Medicaid and Part D coverage among cases at baseline. However, the Part D coverage
difference disappears by the time of death among the deceased. Medicaid coverage is higher
at baseline among the dementia cohort. However, there are minimal differences in Medicaid
coverage between the dementia cohort and controls at death.

Figure 1 presents the unadjusted average monthly expenditures to the Traditional Medicare
and Medicaid programs among those who have not died or been censored for both the
dementia and control cohorts. Prior to diagnosis, the dementia cohort has a higher level of
spending for both the Medicare and Medicaid programs, but the trends start roughly parallel
prior to diagnosis. A few months before diagnosis, there are significant and substantial
increases in spending for Medicare — which is consistent with 40 percent of the cohort first
having diagnosis codes appear during an inpatient event (hospital or SNF setting). Medicare
expenditures decline almost as quickly as they rose, and again appear to be stable, although
at a higher level, one year after diagnosis. Medicaid expenditures increase at the time of
diagnosis, although much less than Medicare expenditures, and maintain at this level after
diagnosis, while the control cohort’s Medicaid expenditures remain close to zero throughout.

Table 2 presents the regression-adjusted absolute and incremental costs of ADRD to the
Traditional Medicare and Medicaid programs in the first 5 years from diagnosis. Medicare
expenditures on the dementia cohort were $72,722 (95% CI: $70,701; $75,399) in the first
5 years after diagnosis. Unlike Figure 1 where we compared to controls, Table 2 presents
the predicted costs from our model for the cases under the counterfactual scenario that
these same individuals did not have dementia. Under the counterfactual scenario, their
5-year expenditures would be $57,091 (95% CI: $54,895; $59,214), for an incremental
cost attributable to dementia of $15,632 (95% Cl: $12,780; $18,588) over five years. As
highlighted in Figure 1, these costs are concentrated around diagnosis, with more than 87
percent of these costs incurred within the first two years of diagnosis. When we eliminate
the costs associated with the hospitalization or nursing facility stay within which the
diagnosis first occurs, the first year’s incremental costs decrease to $7,314, and 82 percent of
costs occur within the first two years (See Appendix Table A2).

Further, we estimate the impact of increased utilization compared to changes in survival. We
find that increased utilization accounts for most of the increased spending, and differential
survival lowers the incremental costs of ADRD by one-third. If the dementia cohort had

the same survival as the control cohort, incremental costs would be $23,456 (95% Cl:
$20,861-$26,188), or $7,825 (95% ClI: -$9,198; -$6,476) higher over five years.

Medicaid FFS expenditures on the dementia cohort overall are much lower than the
Medicare expenditures within the first five years from diagnosis, totaling $12,395 (95%

Cl: $10,847; $13,981). However, the estimate of the spending on this cohort if they did not
have dementia is low, leading to an incremental cost due to ADRD estimate of $8,833 (95%
Cl: $7,267; $10,509). Unlike for Medicare expenditures, differential survival plays little role
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in the incremental Medicaid costs. It is also worth noting that, unlike the unadjusted time
trends shown in Figure 1, the adjusted Medicaid expenditures are fairly stable over time,
ranging from $2,324 to $2,734 for the dementia cohort. This is due to the fact that Medicaid
coverage and expenditures are more prevalent near the end of the five-year window, when
more than 67 percent of the sample has already died.

It is important to note that these incremental costs are per person costs for the cohort

as a whole, regardless of whether an individual is alive or, in the case of Medicaid
expenditures, enrolled in Medicaid. Table 3 presents the average incremental Medicare

and Medicaid expenditures for the cohort as a whole and conditional on survival and
dual-eligibility status. For Medicare, the average incremental expenditures decrease when
examining expenditures on survivors vs. the entire cohort, and the general pattern remains
stable. Medicare expenditures are highest in the first few years, and slowly decreases after
diagnosis. For Medicaid, however, because living a long time with dementia is positively
correlated with enrolling in Medicaid, the time pattern of average incremental expenditures
changes. Instead of the stable pattern of Medicaid spending in the overall cohort, among
survivors, average expenditures increase with time since diagnosis. Medicaid spending in
year five on individuals alive five years after diagnosis is 2.6 times higher than spending in
year one on individuals alive one year after diagnosis. However, this still does not reflect the
large role Medicaid plays among the enrolled individuals. The level of spending is 1.7 times
higher over 5 years ($36,006 vs. $61,482), when conditioning on those who are both alive
and enrolled.

Table 4 breaks down the public expenditures by payer into their cost components. Medicare
expenditures on ADRD are driven by inpatient, SNF and home health care, which represent
95 percent of the incremental costs over the first five years after diagnosis. All are front-
loaded; indeed, beneficiaries with ADRD are predicted to spend less on inpatient care five
years after diagnosis. The level of the incremental costs due to prescription drugs (Part D)
increases over time but remains relatively low, at $68-$269 annually. Medicaid expenditures
on ADRD are also driven by long-term care (nursing homes and home health), accounting
for 95 percent of Medicaid expenditures in the first five years. Prescription drug spending
levels are also low within Medicaid, ranging from $38-$101 annually. All categories of
spending except long-term care show a front-loaded pattern of expenditures.

4. Discussion

ADRD represents a considerable cost to the public purse. Over the first five years

after diagnosis, we estimate that ADRD costs $24,465 per person, with a 64-36 split
between Medicare ($15,632) and Medicaid ($8,833). There are also different trajectories

to this expenditure by insurance program and by expenditure type — Medicare costs

are concentrated soon after diagnosis while Medicaid expenditures are relatively evenly
distributed over the first five years. Inpatient expenditures within Medicare decrease starting
five years after ADRD diagnosis. This is consistent with the literature that has found higher
health care utilization around the time of diagnoses.19:32:33 This could be due to decreased
utilization since patients are increasing their SNF use, or due to less intense inpatient

use, for example by foregoing elective procedures since their health trajectory is already
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being driven by their ADRD. The estimated Medicaid costs in year 5 among those who
are dual-eligible are roughly equivalent to the annual Medicaid expenditure of a nursing
home (Medicaid covers approximately 70% of a private pay, which was $235/day for a
semi-private room in 2017,34 or $60,042.50).

These longitudinal patterns are important for understanding the future cost burden of the
disease. Most current estimates of the cost of ADRD are based on prevalent cases, which
can be used to forecast future costs as long as one assumes that costs are not dependent

on the time since diagnosis. Our estimates suggest that this approach might give reasonable
estimates for forecasting aggregate Medicaid expenditures since they are relatively constant
over the first five years after diagnosis. However, the pronounced time-trend in Medicare
expenditures makes prevalent case estimates particularly difficult to use in predicting future
costs; the time since diagnosis matters for aggregate Medicare costs.

This study has limitations. We rely on diagnosis of dementia in claims data, which is likely
not sensitive to the true onset of disease symptoms. Indeed, over 40 percent of our sample
is first diagnosed in an inpatient setting. However, there is mixed evidence on the direction
of the bias in estimating costs that introduced by this mismeasurement. We do not estimate
the incremental costs to the Medicare Advantage program or Medicaid managed care, both
of which have increasing coverage rates over the last 20 years and may have very different
spending patterns. These estimates are only the direct medical costs to the public purse
(Medicaid and Medicare) and are far from a full accounting of the cost of illness, which
would include out-of-pocket expenditures and the cost of caregiving by family/friend care
partners. We are limited to estimating the incremental costs due to ADRD for the first five
years after diagnosis due to data and sample size limitations, while survival after diagnosis
can be over 20 years.3> We do not limit the sample based on age, only by Medicare
enrollment. Only two percent of our sample is under age 65 and omitting these observations
do not change our results.

In conclusion, the incremental costs of ADRD to the US government are substantial. On
average, each case of ADRD is costing the government $24,465 over the first five years
after diagnosis. Most of the literature has focused on estimating the costs to Medicare,
missing over a third of the incremental costs over the first five years after diagnosis. Our
estimates show that the cost estimates vary dramatically over the first five years for the
Medicare program, and mortality associated with the disease decreases these costs. While
aggregate Medicaid costs are relatively constant for the first five years, this is driven largely
by enrollment in the Medicaid program.
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Research in Context
Systematic review:

The authors reviewed the literature on the costs of Alzheimer’s disease and related
dementias (ADRD) using traditional sources. While the costs to the Medicare program
are well studied, the costs to the Medicaid program are not. Further, no papers combine
both sources of data at a national level. The relevant citations are appropriately cited.

Interpretation:

Our findings contribute to the understanding of the costs to both national health insurance
programs, in both the level of spending and in the longitudinal pattern of spending after
diagnosis.

Future Directions:

This manuscript estimates the incremental costs of ADRD to both the Medicare and
Medicaid programs using nationally representative data. Future work could use national
linked data to confirm the results and test the robustness of the results to different
definitions of ADRD-onset. Future directions could examine how Medicaid program
features influence both the level and pattern of Medicaid spending.
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Highlights
. Estimated longitudinal costs over the first five years after diagnosis.

. Costs due to ADRD are $15,632 to traditional Medicare per dementia case for
5 years.

. Costs due to ADRD are $8,833 to traditional Medicaid per dementia case for
5 years.

. Which program benefits from interventions depends on the impact on the
disease.
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Figure 1.

Unadjusted mean FFS Medicare and Medicaid expenditures for participants with and

without dementia diagnosis
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Characteristics of dementia cases and the first matched control

Table 1.

Participants with First matched p-value
dementia diagnosis control
(N=3,653) (N=3,653)
Sociodemographic characteristics
Age at diagnosis in years, mean (sd) 79.9 (7.4) 79.7 (7.4) 0.230
Male, % 36.8 36.8 1.000
Race, % 0.178
Non-Hispanic white 79.3 79.3
Non-Hispanic black 13.2 12.7
Hispanic 6.3 6.2
Non-Hispanic other 1.2 18
Marital status at diagnosis, % 0.686
Married 38.2 38.9
Separated/divorced 6.7 7.4
Widowed 40.7 39.5
Never married 2.9 2.7
Unknown marital status 115 115
Educational attainment, % <0.001
Less than high school 37.9 33.1
High school graduate 33.9 34.3
Some college 15.8 175
College and above 12.4 15.1
Veteran, % 20.9 22.9 0.041
Health characteristics at baseline *
Comorbid conditions, %
Anemia 40.0 21.7 0.000
Arthritis 373 28.1 <0.001
Atrial fibrillation 135 8.3 <0.001
Cancer 10.2 9.6 0.388
Chronic kidney disease 17.4 9.1 <0.001
COPD 19.2 11.7 <0.001
Depression 235 5.7 0.000
Diabetes 30.6 233 <0.001
Heart failure 327 20.2 <0.001
Hyperlipidemia 34.8 321 0.014
Hypertension 69.2 55.1 <0.001
Ischemic heart disease 47.7 34.9 <0.001
Stroke/TIA 15.0 3.3 0.000
Total Medicare reimbursement, mean (sd) 18,328 (30,397) 9,517 (18,882)  0.000
Insurance coverage at diagnosis
Medicare Part D, % 53.6 48.5 0.006
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Participants with First matched p-value

dementia diagnosis control
(N=3,653) (N=3,653)
Medicaid, % 10.1 8.4 0.048
Insurance coverage at death >
Medicare Part D, % 55.2 52.3 0.127
Medicaid, % 13.9 12.1 0.098

*
The baseline period was defined as the 12 months prior to the diagnosis date.

*Kk
Among the sub-sample where death is observed in the data. N=2,947 and 2,385 in dementia and first matched control cohorts, respectively.
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