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Abstract

Background—Alzheimer's disease (AD) is a progressive neurodegenerative disease that places
substantial burdens on those who provide support for family members with declining cognitive and
functional abilities. Many AD patients eventually require formal long-term care services because of
the absence, exhaustion, or inability of family members to provide care. The costs of long-term care,
and especially nursing home care, often deplete private financial resources, placing a substantial
burden on state Medicaid programs. Current evidence suggests that pharmacological treatments and
caregiver interventions can delay entry into nursing homes and potentially reduce Medicaid costs.
However, these cost savings are not being realized because many patients with AD are either not
diagnosed or diagnosed at late stages of the disease, and have no access to Medicare-funded caregiver
support programs.

Methods and Results—A Monte Carlo cost-benefit analysis, based on estimates of parameters
available in the medical literature, suggests that the early identification and treatment of AD have
the potential to result in large, positive net social benefits as well as positive net savings for states
and the federal government.

Conclusions—These findings indicate that the early diagnosis and treatment of AD are not only
socially desirable in terms of increasing economic efficiency, but also fiscally attractive from both
state and federal perspectives. These findings also suggest that failure to fund effective caregiver
interventions may be fiscally unsound.
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1. Introduction

With the aging of the United States population, the annual incidence of Alzheimer's disease

(AD) is expected to increase from approximately 377,000 in 1995 to one million by 2050 [1].
The rapid increase in AD will have profound implications for the delivery and financing of

long-term care (LTC) because the oldest old with AD are the largest consumers of LTC services
(especially nursing home care). Although studies estimated a wide range of total annual costs
to the United States economy of AD, the most likely estimates are on the order of tens of billions
of dollars [2]. Alzheimer's disease has substantial fiscal impacts internationally [3], and in the
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United States, influences federal and state government costs in both the Medicare and Medicaid
programs. Patients with AD incur about 60% higher costs than non-AD patients in the Medicare
program [4]. For states, AD patients impose a substantial cost on Medicaid programs through
nursing home use. The LTC costs account for 34.6% of Medicaid spending nationally and for
42.9% in Wisconsin [5]. One approach to reducing the cost of LTC is to lower the demand for
LTC services by delaying the onset or slowing the progression of AD.

Although the available therapies for AD are less than ideal, accumulating evidence indicates
that they may slow the progression of the disease in some patients. In particular, therapies that
slow the progression of AD, or support caregivers, have the potential to reduce the risk of
nursing home placement [6,7]. A major barrier to implementing these therapies and reducing
state and Medicaid LTC costs is the failure of the medical profession to diagnose and treat
persons with AD. Studies suggest that between 40% to 80% of persons with dementia are
undiagnosed in primary care [8-10] and, as a result, are untreated. The failure to diagnose and
treat persons with AD was attributed to the lack of physicians' knowledge about dementing
illnesses, the absence of cognitive screening, and the public perception that nothing can be
done about the disease [11].

The early diagnosis and treatment of any dementing disorder requires that clinicians be alerted
to the presence of potential cognitive problems. The United States Preventive Services Task
Force recommends screening only for persons in whom cognitive impairment is already
suspected, or for persons who meet certain triggers of suspicion for cognitive impairment
[12]. The current recommendations against broader screening ignore the expressed wishes of
older adults who, in some studies, overwhelmingly (80%) stated that they would want to know
as early as possible that they had AD [13,14]. In general, current recommendations focus on
the narrow clinical situation and ignore the growing need for early diagnoses that would allow
for patient and caregiver interventions early in the course of the disease.

The present analysis evaluates the costs and benefits of the early identification and treatment
of AD patients, using LTC cost data from Wisconsin and data about the potential benefits of
pharmacologic and nonpharmacologic therapies. Are the early identification and treatment of
AD patients socially desirable? Do the early diagnosis and treatment of AD offer fiscal benefits
to states or the federal government? Our analysis answers these questions by predicting the net
social benefits and changes in state and federal expenditures for early intervention programs,
using Wisconsin as an example.

2. Methods
2.1. Modeling strategy

Our analyses proceed in two steps. First, the net social benefits and net fiscal savings to
Wisconsin and the federal government are estimated, assuming early intervention with drug
treatment, a program for caregivers, or both of these interventions. Net social benefits
algebraically sum the monetized value of impacts of an intervention on all persons, e.g.,
patients, caregivers, and taxpayers. The fiscal effects are the changes in public expenditures
borne by taxpayers. The large variation in AD progression and the uncertainty about a number
of parameters call for a stochastic model. Because a large number of uncertainties must be
considered and disease progression is irreversible, a Monte Carlo model is used.

A detailed summary of the modeling strategy for the Monte Carlo trials is shown in Appendix
I, and is recapped here. For each set of assumed parameters and interventions, a hypothesized
cohort of identical AD patients is followed over the course of their lives. Each patient suffers
arandom cognitive annual decline, drawn from an appropriate distribution. The cognitive level
determines the probability that a patient will be institutionalized in a nursing home, taking into
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account age, gender, and the presence of a spouse as caregiver. Throughout this process,
patients have some probability of surviving until the next year. The experience of the cohort
provides a distribution of the present values of net social benefits and fiscal savings from
interventions occurring at different stages of the disease, as defined by the Mini-Mental State
Examination (MMSE).

Second, the cost of identifying an AD patient is estimated by using the results of an early
detection and diagnostic regime from Boustani et al [15]. This analysis incorporates the false-
positive rate as well as empirical rates of voluntary participation at various stages of the
diagnostic process. The predictions of the benefits of early intervention, and the predicted costs
of the diagnostic program, permit an estimate of the overall net social benefits and fiscal savings
that would result from the implementation of an early-stage diagnostic and treatment program.

2.2. Monte Carlo parameters

2.2.1. Overview—The Monte Carlo analyses use a number of assumptions related to the
calculation of costs and benefits, and are summarized in Appendix 1. Many of these
assumptions are conditional on cognitive ability, as measured by the MMSE. Although many
psychosocial and functional factors influence the risk of institutionalization, the model uses
the MMSE because of the data available about the relationship between a given MMSE score
and the outcomes on which estimates are based. The analyses classify MMSE scores of 28 to
21 as indicating mild AD, 20 to 11 as indicating moderate AD, and 10 to 1 as indicating severe
AD.

Several categories of costs accrue to society during the years of survival of AD patients as a
function of their MMSE score: expected nursing home institutionalization, direct costs to
caregivers, reductions in the quality of life of patients, and reductions in the quality of life of
caregivers. The analyses assume that the primary benefits of drug treatment accrue through
reductions in costs resulting from a slower decline according to MMSE score. There may be
additional benefits of drug treatment, such as improved patient behavior that reduces caregiver
burden [16]. Because our analysis does not account for any effects not related to slowing disease
progression, it may underestimate the benefits of drug treatment. As costs and benefits accrue
over a number of years, it is necessary to discount them to present values. We do so using
midyear discounting with a real discount rate of 3.5%.

2.3. Base-case assumptions

2.3.1. Survival probabilities—The analyses assume that the spouses of patients have sex-
specific and age-specific annual survival probabilities, based on the most recent United States
life tables [17]. Data from the Cardiovascular Health Study, which followed more than 5000
people over age 65 years for up to 10 years, estimate a hazard ratio for death of 2.1 for AD
patients relative to persons with normal cognition [18]. This hazard ratio is applied to the annual
survival probabilities for patients, which shortens the expected lifespan. Whereas a 65-year-
old with normal cognition would live to about age 81 years on average, a 65-year-old with AD
would live on average only to about 76 years. This is a conservative approach, because it is
likely that the increased death rate for AD patients is larger for those at more severe stages of
the disease, so that uniformly applying the odds ratio results in too many deaths during the
mild and moderate stages of the disease, when interventions are most likely to be of benefit.
Although one study [19] reported a possible reduction in mortality from donepezil therapy,
consistent with the findings of Lopez-Pousa et al [20], we assume that drug treatment does not
affect longevity.

2.3.2. Drug costs—The cost of drug treatment is approximately $5 per day or $1,825 per
year, and is eligible for Medicare Part D coverage. Mays et al [21] estimated that 15% of
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participants will be below the doughnut hole where they bear a 25% copayment rate and 24%
of program participants will fall in the doughnut hole, where they bear a copayment rate of
100%. As a base-case estimate, we assume that the state will pay the 25% copayment for 15%
of the population and 100% for the 24% falling into the doughnut hole or an average of 28%
of drug costs. The federal share is 72%. Note that we assume that, to ensure high levels of
participation, the state pays this share of drug costs for all AD patients rather than just for those
who are Medicaid-eligible.

2.3.3. Institutionalization risk—The estimates of baseline risk of nursing home
institutionalization derive from Hauber et al [22]. They estimated a piecewise Cox proportional
hazard model of the risk of nursing home institutionalization as a function of MMSE score for
the average AD patient, using data collected by the Consortium to Establish a Registry for
Alzheimer's Disease. We used their estimated models to produce risks contingent on MMSE
score, sex, marital status, and age (older or younger than 72 years). Applications of their
models, which were performed piecewise in terms of mild, moderate, and severe AD, required
adjustments at the boundaries to maintain a monotonic increase in risk of institutionalization
with declining MMSE score. Using this approach, the annual risk of institutionalization is about
1% when the MMSE score falls to 24 points and increases to over 90% when the MMSE score
falls to 2 points, averaging across all demographic categories. For single older males and
females, the probabilities reach 100% at MMSE scores of around 11. At the beginning of each
year in our analysis, surviving AD patients are moved from the community to nursing homes,
using the probabilities of Hauber et al [22]. After AD patients are institutionalized in a nursing
home, they are assumed to remain there until death.

2.3.4. Caregiver costs—~Patients with AD receive some care from family caregivers.
Estimates of the time that caregivers provide to AD patients are derived from a study conducted
by Bell et al [23]. That study estimated the average time that caregivers spend providing
personal-care assistance to patients at home (or in nursing homes) as 15.4 (0.6), 44.5 (1.6), and
70.2 (2.2) hours per week for mild, moderate, and severe AD patients, respectively. In the
analyses, estimates of the actual hours spent were randomly selected from uniform
distributions, ranging from 50% below to 50% above the estimates of Bell et al [23]. Following
common convention, these hours were monetized using the median hourly wage in Wisconsin
for 2006 of $14.69.

2.3.5. Nursing home costs—The 2005 private-pay cost for a nursing home day in
Wisconsin was $189, or $66,795 per year, and the Medicaid reimbursement amount was $127
per diem, or $46,355 per year [24]. In Wisconsin, on average, 23% of the Medicaid per diem
is paid by patients; 40% of the remainder is paid from state funds, and 60% from federal funds.
Consequently, on average, 31% of Medicaid nursing home costs are paid from state funds, or
22% of the private-pay cost. The private-pay rate is considered the social cost of nursing homes,
with 22% of that amount paid by Wisconsin, and 33% by the federal government.

2.3.6. Quality of life—Changes in the quality of life of both patients and caregivers may also
result from slowing the progression of the disease and changing the venue of care. The utility
estimates in these analyses reflect how much a person might value the quality of a year of life
in a demented versus nondemented state. Neumann et al [25] reported estimates of utilities for
both patients and caregivers as a function of AD severity, and in terms of whether care is
provided in the community or a nursing home: for patients in community (or nursing home)
care, the utilities are 0.68 (0.71), 0.54 (0.48), and 0.37 (0.31) for mild, moderate, and severe
AD, respectively. For caregivers of patients in the community (or nursing home), the utilities
are 0.86 (0.86), 0.86 (0.88), and 0.86 (0.88) for mild, moderate, and severe AD, respectively.
For caregivers, we used the utilities of Neumann et al [25] as base levels, adjusted for the risk
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of depression. Following Lave et al [26], we assigned a quality of life of 0.59 for caregivers
suffering from major depression. The prevalence of depression among caregivers is about 32%
[27]. Thus, caregiver utilities are assumed to be the same as the utilities of Neumann et al
[25] when depression is absent (68% of the time), and 0.59 when depression is present (32%
of the time).

These utilities can be applied to the statistical value of a life-year to obtain monetized, quality-
adjusted life-years. The average statistical value of life for the United States population,
suggested by a number of meta-analyses of empirical estimates, is about $4 million [28]. At
the assumed discount rate of 0.035, this corresponds to the statistical value of a life-year as
$187,000. We make the conservative assumption that the statistical value of a life-year is
distributed uniformly over a range $93,500 to $187,000.

2.3.7. Rate of cognitive decline—The opportunity to initiate treatment early in AD is a
primary benefit of early diagnosis. The analyses predict the impacts of early intervention with
AD treatment conditional on age, sex, marital status, and initial MMSE score. An untreated
AD patient will typically decline, on average, about 3 to 4 MMSE points per year. Treatment
with drugs appears to slow this decline by about 1 to 2 MMSE points per year [29].

Each Monte Carlo trial that assesses drug treatment compares the MMSE path for a person
both with and without drug treatment immediately after diagnosis. For each year looking
forward, declines in MMSE score are randomly selected from a treatment distribution and a
nontreatment distribution. Because there are no lifelong, long-term, randomized controlled
trials comparing disease progression in treated and untreated patients, we estimated the effect
of treatment using the two models summarized in Appendix IlI.

The MMSE/Lopez (L) model is based on the results of a multiyear study of 135 matched pairs
of patients with probable AD for whom the primary benefit of treatment was to increase the
odds (2.5) of running a slow progressive course, defined as a decline of 2 or fewer MMSE
points each year [6]. On average, slow progressors had near-zero MMSE point declines (0.1
for the treatment group, and —0.2 for those in the control group). On average, fast progressors
in the treatment group lost 4.0 points per year, whereas fast progressors in the control group
lost 4.9 points per year. We modeled the annual decline in MMSE score by assuming that slow
progressors randomly receive declines from a uniform distribution between —1 and 2 (yielding
a mean decline of 0.5), and fast progressors on drug treatment randomly receive declines from
a uniform distribution between 3 and 5 (yielding a mean decline of 4). Fast progressors not on
drug treatment randomly receive declines from a uniform distribution between 3 and 6.8
(yielding a mean decline of 4.9). Further, the analyses randomly assign 60% of patients on
drug treatment to be slow progressors, and 40% of patients not on drug treatment to be slow
progressors. Overall, this yields mean declines of 1.9 and 3.1 for treatment and nontreatment,
respectively. The 1.2-point difference in mean declines is conservative, in view of other studies
involving drug treatment that typically found mean differences between 1.7 and 2.3 MMSE
points per year [30-32].

Alternatively, the MMSE/Normal (N) model assumes that declines for those receiving drug
treatment are drawn from a normal distribution with a mean of 1.5 and a standard deviation of
1.5 (with negative values set to zero), whereas declines for those not receiving drug treatment
are drawn from a normal distribution with a mean of 3.5 and a standard deviation of 1.5 (with
negative values set at zero). The truncation in this process yields a mean difference in decline
between treated and untreated patients of approximately 1.9 MMSE points.

2.3.8. Caregiver intervention—The early detection of AD also creates the possibility of
providing support services to caregivers, such that AD patients remain at home longer.
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Although a majority of care-givers appear to view delaying placement of loved ones in nursing
homes as very important in absolute terms, as well as in terms of reducing mortality risk [33],
the strain of providing care, especially for severely affected patients, has the potential to exhaust
caregivers and lead to institutionalization. Various support services can be provided to
caregivers to help them cope with the burdens of providing care.

We used the results by Mittelman et al [7] of a randomized trial of enhanced counseling and
support intervention for spouse caregivers, to estimate the net benefits of caregiver
intervention. Over an almost 10-year period, Mittelman et al [7] randomly assigned over 400
spouses of AD patients to receive either the usual care or enhanced counseling and support
intervention. The enhanced counseling included 2 individual sessions, 4 family sessions,
weekly support group participation, and ad hoc telephone contacts initiated by care-givers.
Each counseling session involved, on average, 4.0 hours of professional time, including 0.2
hours for arrangements, 2.0 hours in actual sessions, 1.15 hours in travel time to caregiver
homes, and 0.65 hours in peer review of the session. Approximately 45% of caregivers sought
telephone counseling per week, with an average counseling session lasting 0.4 hours. Thus,
for each participating caregiver on average, there was an initial expenditure of 24 hours of
counselor's time, and an additional 9.4 hours per year of participation. Although agreement to
participate in support groups (usually in the caregiver's own neighborhood) was a condition
for receiving enhanced counseling, after 1 year, only 58% had joined groups, compared with
42% for those in the usual-care group.

Using a Cox proportional hazard model, the impact of enhanced counseling and support
services was estimated to be a reduction in the risk of nursing home placement of 0.72, with a
95% confidence interval range of 0.54 to 0.96, or an average delay of nursing home admission
by about 1.5 years [7]. In addition, Mittelman et al [7] reported a statistically significant odds
ratio of 0.91 for each later year of entry into their sample. For example, those entering in the
fifth year of a 10-year program have an odds ratio of 0.61, relative to those entering in the first
year.

Our analysis considers the possible replication of the program studied by Mittelman et al [7],
using the above assumptions, as summarized in Appendix I11. Taking medical and public health
social workers (Standard Occupational Code [SOC] 211022, May 2005) in Wisconsin as the
employment category, and assuming that benefits comprise 30% of the total compensation (the
rate for all civilian employees in June 2006), we assumed that a counselor has an annual salary
of $42,290 and benefits of $18,124, for a total of $60,414 per year, or $35.05 per hour. For
each AD patient and each year, we applied a random selection from the confidence interval
for the odds ratio of the effect of program participation on the risk of institutionalization,
adjusted for entry into the program in the fifth year (out of a possible 10 years), to the schedule
according to Hauber et al [22] of the risk of nursing home institutionalization as a function of
MMSE score.

Mittelman et al [34] reported reductions in caregiver depression of approximately 15.3, 5.7,
and 3.8 percentage points for those receiving enhanced counseling at 1, 3, and 5 years,
respectively. We applied the 3-year reduction, assuming that the risk of depression for those
receiving enhanced counseling is 26.3%, rather than the 32% assumed for those not receiving
enhanced counseling.

2.3.9. Induced service use—Those receiving the caregiver intervention possibly made
greater use of generally available support services provided through public and private
programs. Data on the utilization of these extra-treatment support services were not reported
or analyzed by Mittelman et al [7]. Consequently, to predict the marginal utilization of services
that likely result from implementation of a program like that of Mittelman et al [7],we used
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data from the Alzheimer's Disease Project, which involved the provision of case management
and community-service reimbursement to a randomized treatment group [35]. In that study,
treatment resulted in a 16% increase (from an average base of about 42%) in the fraction of
care-givers using any homecare services, as well as a 45-hour per year increase in utilization
(from a base of approximately 286 hours per year). Treatmentalso resulted in an 18-percentage-
pointincrease (from an average base of about 15%) in the fraction of caregivers who used adult
daycare services, as well as a 7-day-per-year increase in utilization (from an average base of
approximately 166 days per year). Thus, on average, treatment resulted in an increase in
homecare services utilization of about 72 hours per year [0.16 (286 hours + 45 hours) + 0.42
(45 hours)], and an increase in adult daycare utilization of about 32 days per year [0.18 (166
days + 7 days) + 0.15 (7 days)]. We monetized these service increments, using national averages
of $19 per hour of in-home care and $50 per day of adult daycare, to estimate an incremental
annual cost of $2968. We also assume that Wisconsin pays for all marginal services. Because
it is unclear how applicable the Alzheimer's Disease Project results are to an intervention like
that of Mittelman et al [7], we treated the $2968 as an upper bound. Specifically, in each Monte
Carlo trial, a value was randomly drawn from a range of $0 to $2968. This approach may
underestimate the social costs of the additional service use that the counseling program entails.
However, the assumption that Wisconsin would pay the entire amount most likely
overestimates the cost of caregiver intervention to the state.

2.3.10. Counterfactual: those not diagnosed at early stages of disease—The final
set of assumptions concerns the counterfactual against which early detection and treatment is
compared. Many patients who are not identified at early stages will eventually be diagnosed,
and some will be treated with drugs. Based on a retrospective study of patients diagnosed with
AD at a memory disorders clinic, average MMSE scores upon presentation were 20.8, 18.8,
16.8, and 15.3 for those referred from screening programs, physicians, family and friends, and
other sources, respectively [36]. In a study based on over 12,000 beneficiaries in the 2002
Medicare Current Beneficiary Survey, 24.7% of dementia patients in community settings and
26.3% of dementia patients in long-term care settings received dementia drugs [37]. Drawing
on these studies, we assumed that AD patients not detected at early stages of the disease will
present for diagnosis at an MMSE score of 19, and have a 25% chance of receiving drug
treatment.

3.1. Monte Carlo results

Each Monte Carlo analysis produced a similar distribution for net social benefits, net Wisconsin
fiscal benefits, and net federal fiscal benefits. This distribution was the basis for predicting
mean values, i.e., if alarge number of people with a particular set of characteristics were treated,
then on average, the reported mean values would result. The means contain some sampling
error for any finite number of trials. In the present analyses, 10,000 trials produced 95%
confidence intervals of approximately $2000 for estimates of net social and net fiscal benefits.

Table 1 shows the impacts of various interventions for a 70-year-old married woman or man
with an MMSE score of 28, 26, or 24 when diagnosed and treated. The first row within each
MMSE level shows the net social and fiscal benefits, assuming drug treatment with MMSE/N
decline, i.e., those receiving drug treatment experience declines drawn from a normal
distribution centered around 1.5, with an standard deviation of 1.5. These impacts are
substantially larger than those estimated assuming drug treatment with MMSE/L decline, as
shown in the second row. The third row shows the effects of caregiver intervention, assuming
MMSE/L decline for untreated patients. The final row for each MMSE level shows the
combination of drug treatment and caregiver intervention, assuming MMSE/L decline.
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As indicated in Table 1, all cells show positive net social and fiscal benefits. Caregiver
intervention offers a much higher ratio of fiscal to social benefits than drug treatment alone.
Keeping AD patients at any level of severity out of nursing homes saves the state and federal
government money, but caregivers continue to bear time costs. There is a synergistic effect
between drug treatment and caregiver intervention: drugs slow the decline in MMSE score,
and care-giver intervention reduces the risk of institutionalization for any level of MMSE score.

The net social and fiscal benefits are consistently higher for a woman than for a man. This
result is true for different ages and MMSE scores at diagnosis and treatment, and is attributable
primarily to the higher expected years of additional life for women. The analysis in Table 1 is
for AD patients with spouses at time of screening. Repeating the analysis for unmarried patients
yields small reductions in net social benefits (less than $2000 on average) for both men and
women.

Fig. 1 shows the distribution of net social benefits for 10,000 trials for a particular Monte Carlo
analysis, assuming a drug-treatment effect (MMSE/L) for a 70-year-old married woman with
a starting MMSE score of 26. Averaging across trials, the mean net social benefits are $94,000,
the mean net Wisconsin fiscal savings are $5000, and the mean net federal fiscal savings are
$10,000. As shown, 68.3% of the trials had positive net social benefits, i.e., whereas on average
an early intervention is efficient, the net social benefits are negative in about one third of the
trials. In many cases, death comes early, before the benefits of treatment-delayed decline can
be fully realized. Averaging over trials, the mean age at death is 80.4 years, and the mean
number of years spent in a nursing home is reduced by 1.2 years, from 7.6 years to 6.4.

Fig. 2A—C considers the relative benefits of pharmacologic and nonpharmacologic
interventions when AD is detected at different disease stages, as defined by MMSE score. Fig.
2A shows the net social benefits, Fig. 2B shows the net Wisconsin fiscal benefits, and Fig. 2C
shows the net federal fiscal benefits of interventions after a diagnosis at various levels of MMSE
score for a 70-year-old married woman. Assuming either MMSE/N or MMSE/L decline, drug
treatment yields declining, but positive, net social benefits as MMSE scores decline from 28
to 14. Adding caregiver intervention to drug treatment (MMSE/L) increases net social benefits
ateach MMSE score. Repeating the analysis, assuming more effective drug treatment (in terms
of MMSE/N decline) combined with caregiver intervention, would dramatically increase the
social and fiscal benefits of an intervention (results not shown). The net Wisconsin fiscal
benefits become negative at an MMSE score of 18, unless drug and caregiver interventions are
combined. This result occurs because the benefit of caregiver intervention goes up with
decreasing MMSE score, whereas the benefit of drug therapy declines. As shown in Fig. 2C,
the net federal fiscal benefits of combining drug treatment and caregiver intervention yield
positive net benefits even when the MMSE score at diagnosis is as low as 14.

Fig. 3A shows the net social benefits of interventions as a function of age for a married woman
with an MMSE score of 26 at diagnosis. As expected, the net social benefits decline with age,
but remain positive. Fig. 3B,C shows similar patterns for net fiscal benefits: net Wisconsin and
net federal fiscal benefits decline, but remain positive through age 80 years.

3.2. Early identification and diagnostic evaluation costs

An important question is whether the cost savings generated by early intervention are large
enough to offset the costs associated with early identification and diagnostic evaluations. We
estimated a cost per diagnosis of dementia of approximately $4000, based on estimated costs
and charges as well as negative results and refusals to proceed (48% of those screening positive
declined further evaluation) according to Boustani et al [15]. Assuming that 70% of those
diagnosed with dementia would be further diagnosed as having AD and would be candidates
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for intervention, the cost per AD diagnosis was approximately $5700, which we take as an
estimate of the social cost of case-finding and diagnostic costs.

Because the dementia population is primarily over 65 years old, it is Medicare-eligible.
Assuming that Medicare covered all diagnostic costs, the cost to the federal government per
identified AD patient would be $3170. Assuming that Wisconsin covered all other associated
costs, the cost to the state per identified AD patient would be $2530.

The cost per diagnosis of this particular protocol is lower than the net fiscal Wisconsin benefits
of the combination of drug treatment (MMSE/L) and caregiver intervention shown in Table 1,
i.e., if Wisconsin paid all costs of implementing an early identification and caregiver
intervention protocol not covered by the federal government, the combined intervention would
yield overall savings to the state of approximately $10,000 per diagnosed patient.

4. Discussion

We report the results of a Monte Carlo analysis of the potential benefits of early diagnosis and
treatment, using best estimates of the effects of available therapies, both pharmacologic and
nonpharmacologic. These analyses suggest that the early recognition and management of
persons with AD will generate cost savings. The net benefits were highest when cases were
identified at earlier stages, e.g., an MMSE score of 28, and when drug therapy was combined
with a caregiver intervention program [7]. We also estimated the state and federal fiscal benefits
of early diagnosis and treatment, and as expected, the federal benefits were consistently more
substantial than the state benefits. These results indicate that a program implemented at the
national level has the potential to generate substantial cost savings to society as a whole, as
well as to state and federal governments. Efforts to promote the earlier identification and better
management of AD patients seem to hold promise in terms of stemming the future rise in costs
associated with an increasing prevalence of AD in an aging population. More effective
treatments could be expected to generate even greater cost savings than those reported here.

Our estimates of the benefits of pharmacologic therapy were based on two models: 1) one that
assumes a slowing of deterioration through reductions in mean annual decline; and 2) another
that uses the findings of Lopez et al [6],in which the major benefit of therapy involved
increasing the likelihood that a person would have a slow progressive course. Neither of these
models is based on the results of long-term randomized controlled trials (RCTs) evaluating the
effects of current drug therapy. There simply are no lifelong, long-term RCTs on which to base
assumptions. Because of this, these analyses report the social and fiscal savings that might be
realized if available treatments had two different effects on disease course. Our analyses also
assume that the use and therefore benefits of drug therapy continue to death. The model of drug
benefit by Lopez et al [6] is more conservative, but if treatment is implemented early, it still
generates substantial cost savings. If the benefits of future therapies were more robust and
reduced the mean MMSE decline to 0.5 rather than 1.5 in the MMSE/N model, then the net
social benefits would rise from $149,000 to $406,000 for a 70-year-old married woman
diagnosed at an MMSE score of 26. These analyses illustrate the importance of research
directed at developing more effective AD-modifying therapies.

We used a model developed by Mittelman et al [7] to estimate the potential costs and benefits
of a caregiver intervention. We chose this model because its effectiveness was evaluated in
RCTs lasting almost 10 years and the benefits were time-dependent, i.e., they increased with
longer participation in the program. Other caregiver interventions were limited by small sample
sizes [38] or by interventions lasting less than 1 year [39], and did not show reductions in
nursing home use. Net social and fiscal savings were consistently larger when drug treatment
was combined with caregiver intervention. These analyses confirm what is already known, i.e.,
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that caregivers are important components of successful dementia-management programs, and
should not be ignored. Current Medicare reimbursement policies do not support the
development of caregiver interventions similar to the model of Mittelman et al [7].Our analyses
suggest that this failure is fiscally unsound.

Our analyses suggest that the net social benefits of interventions are sufficiently large to justify
even relatively expensive programs to promote early diagnosis and treatment. In view of the
fiscal pressures facing states, the more relevant question is whether an early diagnosis and
treatment program can be designed to yield a cost per AD diagnosis sufficiently small to make
early diagnosis and treatment, including care-giver intervention, fiscally desirable from the
state or federal perspective.

To answer this question, we estimated the results and costs of a dementia-diagnosis protocol,
using the findings of Boustani etal [15]. We chose this protocol because we believe it represents
a likely high estimate for screening costs and outcomes. The mean MMSE score in that study
was 18 at time of diagnosis and 70% of the population was African-American, and as a result,
findings from that study may not be generalizable to the larger population. In that study, only
52% of persons screening positive agreed to further evaluation, and of those, 47% were
diagnosed with dementia. Our diagnostic cost estimates were also taken from that study, and
assumed that neuroimaging and extensive neuropsychological tests were performed in all
agreeing to further evaluation. Despite this conservative approach to estimating program costs
for early diagnosis, the combined drug/caregiver intervention still generated cost savings. The
net fiscal benefits of the combined intervention to Wisconsin were large enough to generate
savings of approximately $10,000 per diagnosed patient, even if Wisconsin paid all program
costs. However, we also assumed that physicians would act on the results of the diagnostic
process to provide drug or caregiver interventions. This may be an overestimate, especially for
persons with early AD [40].

Does our analysis suggest that we should implement population-based cognitive screening
programs to promote early detection and intervention? We do not think so. We think that scarce
resources could be better spent developing more effective disease-altering therapies and
financing caregiver interventions that were shown to reduce costs. At present, the benefits of
current therapies are marginal, Medicare does not support caregiver interventions, and access
to dementia diagnostic services is limited. Until these deficiencies in AD management are
resolved, population-based cognitive screening will continue to be controversial.

There are numerous arguments against cognitive screening to promote the early diagnosis and
treatment of AD [41]. There is concern that many people will experience fear and anxiety about
being labeled with a cognitive disorder such as AD. Studies suggest that this assumption may
not be valid [13,42]. The marginal benefits of available therapies are another reason often cited
for not screening. However, as illustrated in these analyses, savings do not necessary accrue
simply because of pharmacologic treatment. Nonpharmacologic caregiver interventions, like
the intervention of Mittelman et al [7], if made available, can offer significant savings to state
and federal governments, regardless of the effectiveness of current drugs.

The analyses presented here answer two important public policy questions. First, is the early
detection of AD, followed by drug treatment and caregiver support, socially desirable? The
estimation of positive net social benefits provides an affirmative answer to this question.
Second, from a political economy perspective, do early detection, treatment, and caregiver
support offer sufficient fiscal savings to either the federal or state governments, to make these
interventions politically viable in a time of fiscal austerity? The analysis also provides an
affirmative answer to this question. Potentially large fiscal savings for the federal government
should encourage changes in Medicare reimbursement and the present approach to dementia
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management. Moreover, potential fiscal savings for a state like Wisconsin should encourage
the development of state-level programs, even in the absence of a national program. As states
devote increasing amounts of their Medicaid dollarsto LTC for AD patients, state policymakers
are likely to be receptive to the potential for early intervention to reduce these expenditures.
These programs could include some form of cognitive screening combined with public and
professional education and improved access to dementia diagnostic services, and proven
programs of caregiver support.

Over the next 5 to 10 years, emerging therapies may become more effective in slowing the
course of the disease and reducing the LTC costs and caregiver burden [43]. Our analyses
suggest that improving access to even marginally effective therapies and effective caregiver
interventions may be not only good medicine, but also sound fiscal policy. Nevertheless, public
policy as well as professional attitudes about AD will need to change from that of neglect to
proactive recognition and management, if these savings are to be realized.
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0. Set general parameters: patient utility conditional on severity and care sifuation;
caregiver time and utility conditional on severity and care situation; opportunity cost

of time; value of a life-year; cost of nursing home care; costs and impacts of

interventions; Wisconsin government shares of nursing home and intcrvention costs;
MMSE decline with and without intervention conditional on decline model, annual
survival probability conditional on age and sex; nursing home institutionalization
probability conditional on MMSE, age, sex, and marital status; and real social

discount rate.

1. Initialize patient characteristics (age, sex, marital status, MMSE), intervention

(drug treatment, Mittelman counseling, or drug treatment and Mittelman
counseling), and MMSE decline model (normal or Lopez decline).

A

2. a. Project annual MMSE without intervention. (assuming later
diagnosis and drug treatment)
b. Project annual MMSE with intervention (assuming
immediate diagnosis and intervention).

3. Update marital status through spouse annual mortality
(unmarried is absorbing state).

4. Move patients from home care to nursing home care with
probability conditional on MMSE, age, sex, and marital status
(nursing home is absorbing state).

5. Calculate annual social, annual Wisconsin, and annual federal
government costs with and without intervention.

6. Calculate annual net social benefits, annual net Wisconsin
and federal government savings as difference between costs
with and costs without intervention.

7. Calculate present values of net social benefits, net Wisconsin
savings, and net federal savings taking account of annual
mortality rate conditional on sex (death is absorbing state!).

8. Repeat steps 2 through 7 to produce distribution of net social
benefits, net Wisconsin, and net federal government savings.

Summary of modeling strategy for Monte Carlo trials
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Parameter

Assumed Value

Source

Annual nursing home cost

Weekly hours of caregiver time at home

Weekly hours of caregiver time for nursing

home care

Median Wisconsin hourly wage

Opportunity cost of caregiver time

Patient utility at home

Patient utility in nursing home

Caregiver utility at home

Private pay, $66,795
Medicaid, $46,355

Mild AD, 15.4
Moderate AD, 44.5
Severe AD, 70.2

Mild AD, 0.6
Moderate AD, 1.6
Severe AD, 2.2

$14.69
Median wage

Mild AD, 0.68
Moderate AD: 0.54
Severe AD: 0.37

Mild AD, 0.71
Moderate AD, 0.48
Severe AD: 0.31

Mild AD, 0.86
Moderate AD, 0.86
Severe AD, 0.86

Caregiver utility for patient in nursing home

Annual survival probability
Annual nursing home institutionalization
risk

Real social discount rate

Value of a life-year
Annual cost of drug treatment

Wisconsin share of drug costs

Wisconsin share of nursing home costs

Counterfactual to screening

Mild AD, 0.86
Moderate AD, 0.88
Severe AD, 0.88

Varies by age and sex; applies 2.1 hazard rate

for AD patients

By MMSE, sex, age, and marital status

0.035

Wisconsin Department of Health and Family Services [24]

Bell et al (2001); assumes variation of £50% [23]

Center on Wisconsin Strategy (2007)
Opportunity cost of leisure

Neumann et al [25]

Arias [17]; Fitzpatrick et al [18]

Based on estimated models of Hauber et al [22]

Boardman et al [28]; upper bound value of life-year consistent
with $4 million statistical value of life

Uniform distribution over $93,500 to $187,000

$1825

0.28

Medicaid, 0.31
Market, 0.22
Assumed MMSE at presentation, 19

Probability of CEI upon diagnosis, 0.25

Assuming $5 per day

Assumes Wisconsin pays out-of-pocket costs under Medicare
Part D; Mays et al [21]

Based on 23% average patient payment, and 40% of remainder
paid by state

Barker et al [36]
Gruber-Baldini et al [37]

Appendix Il

Intervention assumptions

Drug Intervention

Mean Decline Model (MMSE/N)
Source

Assumption
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Drug Intervention

Annual MMSE decline without treatment Normal distribution with a meanConsistent with findings by Sabbagh et al [30],

of 3.5 and a standard deviation ofMatthews et al [31], and Small et al [32] of mean

1.5, with negative truncation  decline differences across studies of between 1.7 and
2.3 MMSE points per year for untreated compared
with treated

Annual MMSE decline with treatment Normal distribution with a mean

of 1.5 and a standard deviation of
1.5, with negative truncation

Decline Model of Lopez et al [6] (MMSE/L)

Probability of being slow progressor without treatment 0.39 Lopez et al [6]
Annual decline of slow progressors without treatment Uniform distribution over range
of —1 to 2: mean, 0.5
Annual decline of fast progressors without treatment Uniform distribution over range
of 3t0 6.8: mean, 4.9
Probability of being slow progressor with treatment 0.60
Annual decline of slow progressors without treatment Uniform distribution over range

of -1 to 2: mean, 0.5

Annual decline of fast progressors without treatment Uniform distribution over range

of 3to 5: mean, 4.0

Caregiver Intervention Assumption Source

Initial counselor time in hours 24 Mittelman et al [7]

Annual counselor time in hours 9.4

Counselor wage and benefits $35.05 SOC Code 211022, May 2005, assuming 30% benefits rate

Odds ratio reduction in nursing home risk Uniform draw from confidence ~ Mittelman et al [7]

interval of 0.54 to 0.96

Base annual risk of caregiver depression 0.32 Mittelman et al [34]
Annual reduction in caregiver depression risk 0.057

from counseling

Caregiver utility with depression 0.59 Lave et al [26]
Annual incremental home service use by Uniform draw from range of $0 to Upper bound estimated from Newcomer et al (1999); assumes

counseled caregivers

$2968 Wisconsin pays entire amount [35]
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Fig. 1.
Distribution of 10,000 trials of Monte Carlo analysis, showing net social benefits of diagnosis
and treatment of 70-year-old married women with MMSE score of 26 at diagnosis.
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Fig. 2.
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Net social and fiscal benefits of diagnosis and treatment of 70-year old married women

diagnosed at different stages of AD (A-C), as defined by MMSE score.
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Net social and fiscal benefits of diagnosis and treatment of married women with MMSE score
of 26 (A-C), diagnosed at different ages.
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Net benefits of diagnosis and treatment of a 70-year-old married woman (or man, in parentheses) with AD in

$1000s

Present Value of Net Social Present Value of Wisconsin Present Value of Federal

Benefits Fiscal Benefits Fiscal Benefits

MMSE = 28 at time of diagnosis

Drug (MMSE/N) 172 (147) 15 (12) 28 (24)

Drug (MMSE/L) 98 (84) 6 (5) 13 (12)

Caregiver intervention (MMSE/L) 10 (7) 4(2) 21(17)

Drug (MMSE/L) and caregiver 125 (101) 16 (11) 34 (27)
MMSE = 26 at time of diagnosis

Drug (MMSE/N) 149 (129) 13 (10) 22 (19)

Drug (MMSEI/L) 94 (80) 5(4) 10 (9)

Caregiver intervention (MMSE/L) 11(9) 6 (4) 22 (19)

Drug (MMSE/L) and caregiver 116 (104) 15 (13) 31(28)
MMSE = 24 at time of diagnosis

Drug (MMSE/N) 122 (106) 10 (8) 15 (14)

Drug (MMSE/L) 69 (64) 4(3) 6 (6)

Caregiver intervention (MMSE/L) 15 (11) 7(6) 24 (20)

Drug (MMSE/L) and caregiver 93 (80) 15 (12) 29 (25)
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