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Abstract

BACKGROUND—ODbijective cost estimates and source of cost differences are needed across the
spectrum of cognition, including cognitively normal (CN), mild-cognitive-impairment (MCI),
newly-discovered dementia, and prevalent dementia.

METHODS—Subjects were a subset of the Mayo Clinic Study of Aging stratified-random
sampling of Olmsted County, MN, residents aged 70-89 years. A neurologist reviewed provider-
linked medical records to identify prevalent-dementia (review date=index). Remaining subjects
were invited to participate in prospective clinical/neuropsychological assessments; participants
were categorized as CN, MCI, or newly-discovered-dementia (assessment date=index). Costs for
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medical services/procedures 1-year pre-index (excluding indirect and long-term care costs) were
estimated using line-item provider-linked administrative data. We estimated contributions of care-
delivery site and comorbid conditions (including and excluding neuropsychiatric diagnoses) to
between-category cost differences.

RESULTS—Annual mean medical costs for CN, MCI, newly-discovered-dementia, and
prevalent-dementia were $6,042, $6,784, $9,431, $11,678 respectively. Hospital inpatient costs
contributed 70% of total costs for prevalent dementia and accounted for differences between CN
and both prevalent and newly-discovered dementia. Ambulatory costs accounted for differences
between CN and MCI. Age-, sex-, education-adjusted differences reached significance for CN
versus newly-discovered and prevalent-dementia and for MCI versus prevalent-dementia. After
considering all comorbid diagnoses, between-category differences were reduced (e.g., prevalent-
dementia minus MCI (from $4,842 to $3,575); newly-discovered-dementia minus CN (from
$3,578 to$711). Following exclusion of neuropsychiatric diagnoses from comorbidity adjustment,
between-category differences tended to revert to greater differences.

CONCLUSIONS—Cost estimates did not differ significantly between CN and MCI. Substantial
differences between MCI and prevalent dementia reflected high inpatient costs for dementia and
appear partly related to co-occurring Mental Disorders. Such comparisons can help inform models
aimed at identifying where, when, and for which individuals proposed interventions might be cost-
effective.

Keywords
Dementia; Cognitive status; Mild cognitive impairment; Economics; Utilization; Cost

1. INTRODUCTION

The burden of Alzheimer's disease (AD) and related dementias on affected individuals,
families, healthcare providers, and society is substantial and growing, both in the U.S. and
elsewhere.[1,2] As life expectancy increases and the “Baby Boom” generation ages, the
estimated five million Americans with AD in 2012 is projected to nearly triple to 14 million
by 2050.[3] Total payments for health care, long-term care, and hospice for AD and other
dementias in the U.S. are projected to increase 6-fold from 214 billion dollars in 2014 to 1.2
trillion dollars in 2050.[3] These projections are especially alarming because existing
pharmacological efforts to prevent dementia onset, slow its progression, or mitigate its
impact have been largely disappointing.

In response to the impending crisis, a National Alzheimer's Project Act was signed into law
in 2011 and the National Plan to Address Alzheimer's Disease was released in May, 2012.
[4] The first goal of the National Plan is to find effective ways to prevent and treat AD and
other dementias. Reliable estimates of costs associated with cognitive decline will be needed
to determine the net cost and/or cost-effectiveness of alternative therapies.

Of existing models constructed to evaluate the economics of dementia prevention,
postponement, or treatment,[5-15] few appear to have had simultaneous access to two key
elements: detailed objective data on costs and accurate assignment of cognitive status.
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Obijective and complete estimates of direct medical costs can be obtained from billing data.
However, reliance on diagnosis codes from billing data to identify dementia has serious
limitations, and important biases have been demonstrated.[16-18]

Of those studies in which dementia was carefully assessed, the vast majority have estimated
medical costs based solely on self- or proxy-report of utilization (e.g., number of
hospitalizations, hospital days, emergency department [ED] visits, office visits) followed by
application of average costs per unit obtained for the general population. Such cost estimates
may be limited by recall bias and fail to consider higher unit costs for cognitively impaired
individuals compared with unimpaired individuals with the same medical conditions.
[3,19-21] The few exceptions with access to objective cost estimates using administrative
data[22,23] have typically been limited to fee-for-service Medicare data, thus missing non-
Medicare costs and those for the nearly 30% of Medicare managed care enrollees.[24]

Regardless of across-study differences and limitations, the devastating economic
consequences of Alzheimer's disease and other dementias are observed for both direct
(including medical and nursing home care) and indirect (informal) care. There is general
agreement that mean direct medical cost differences between persons with and without
dementia are greatest for hospital inpatient use and that comorbidity plays an important role.
However, a majority of studies of comorbidity costs have been limited to a few self-reported
conditions or medications. More objective data on a broader range of conditions are needed
to inform where excess costs for individuals with dementia might be reduced.

There is less appreciation for the extent and source of excess medical costs associated with
cognitive impairment that does not meet criteria for dementia. Depending on the question
being addressed and where interventions may have the greatest impact, there is a need for
estimates of costs across the spectrum of cognition, including the ability to distinguish
cognitively normal individuals from those meeting criteria for mild cognitive impairment
(MCI) and from those meeting criteria for previously undiagnosed dementia.[25-27] The
difficulties noted above for assigning both cognitive status and objective cost estimates for
dementia are magnified for these earlier stages. Of three reports estimating MCl-associated
costs separately,[28-30] MCI cognitive status was determined using currently accepted
criteria[31,32] in two.[28,29] One of the two was drawn from clinical trials, with MCI cases
referred for informant-identified memory complaints.[28] Both were limited to comparisons
between individuals with and without MCI and thus excluded comparisons that may be
relevant for conversion from MCI to dementia. None of the three previous studies had
access to objective cost estimates.

This study seeks to add to our understanding of direct medical costs (excluding long-term
care costs) across the spectrum of cognitive decline by employing three unique population-
based resources: a) a medical records-linkage infrastructure system that includes detailed
clinical data for essentially all residents of Olmsted County, MN;[33,34] b) a prospective
cohort study consisting of randomly sampled Olmsted County residents age 70-89 years
who were assessed for cognitive status using neurologic evaluation and neuropsychological
testing;[35] and c) provider-linked billing data consisting of line-item detail that affords
direct cost estimates for essentially all medical services and procedures received by County
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residents (excluding long-term care).[36] These resources provide a rare opportunity to
compare direct medical costs for individuals categorized as cognitively normal (hereafter
referred to as CN), MCI, newly-discovered dementia, and prevalent dementia. The present
study also investigates factors associated with between-category cost differences. Findings
will help address the recognized need to inform future projections regarding which
interventions might be most cost-effective for which individuals, in which settings, and at
which stage of cognitive decline.[25,37]

2.METHODS

2.1. Design/setting/resources

Rochester Epidemiology Project (REP)—This population-based cross-sectional study
was conducted in Olmsted County, MN. The capability for epidemiologic studies in this
setting results from a unique set of circumstances. Rochester, the county seat (2010 census
144,248), is approximately 80 miles from the nearest major metropolitan area and home to
Mayo Clinic, one of the world's largest medical centers. Mayo Clinic and Olmsted Medical
Center (OMC), a second group practice, and their affiliated hospitals, provide essentially all
medical care received by local residents. Since 1907, every Mayo patient is assigned a
unique identifier. Detailed information from every contact (office, nursing home, emergency
department, hospital inpatient and outpatient) is contained within a unit record for each
patient. Information includes medical history, clinical assessments, consultations, surgical
procedures, dismissal summaries, laboratory and radiology results, correspondence, death
certificates, and autopsy reports. Diagnoses assigned at each visit are coded and entered into
continuously updated files. Under auspices of the REP, the unique identifiers, diagnostic
index, and records-linkage were expanded to include other medical providers, including
OMC and the few private practitioners in the area.[34] Recent enhancements afford an
essential enumeration of all Olmsted County residents on any given date from 1965 through
present.[33]

Mayo Clinic Study of Aging (MCSA)—As described in detail elsewhere,[35] REP
resources were used to construct an age- and sex-stratified sampling frame of Olmsted
County residents aged 70-89 years. The population was initially sampled in 2004. To
maintain cohort size, additional samplings have been conducted in subsequent years,
employing procedures used in 2004. All inpatient and ambulatory medical records of
sampled individuals are reviewed by a neurologist for prevalent dementia, defined using
Diagnostic and Statistical Manual of Mental Disorders (DSM-1V) criteria.[38,39] After
additionally excluding terminally ill individuals and those who cannot be contacted,
remaining individuals are invited to participate in prospective in-person evaluations.
Individuals who decline the in-person evaluation are invited to participate in a telephone
interview.[35,40]

In-person evaluations consists of a nurse interview, a neurologic evaluation by a physician,
and extensive cognitive testing by a psychometrist. The interview includes questions
regarding age, education, marital status, etc. Questions about memory are administered to
the participant. The Clinical Dementia Rating (CDR) scale[41] and Functional Activities
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Questionnaire (FAQ)[42] are administered to an informant. The neurologic evaluation
includes the Short Test of Mental Status,[43] a medical history review, and a complete
neurologic examination. Neuropsychological testing is performed to assess impairment in
four cognitive domains: memory (three tests), executive function (two tests), language (two
tests), and visuospatial skills (two tests). Domain scores are computed as previously
described.[35,44]

MCSA diagnostic criteria—Performance in a cognitive domain is assessed by
comparing the participant's domain score with scores for an independent sample of
cognitively normal subjects from the Olmsted County population.[44] Cognitive impairment
is considered if the score is 1.0 standard deviation below the mean. However, the final
decision is based on consensus agreement among the examining physician, nurse, and
neuropsychologist, taking into account education, prior occupation, visual or hearing
deficits, and other information.[45]

Among in-person participants, a newly-discovered dementia is based on DSM-1V criteria.
[39] MCl is determined as follows: cognitive concern by subject (from interview), informant
(from the CDR scale), nurse, or physician; impairment in one or more of the four cognitive
domains (from cognitive battery); essentially normal functional activities (from the CDR
scale and FAQ); and absence of dementia. Subjects are categorized as CN if they perform
within the normative range and do not meet criteria for MCI or dementia.[32,35,45] Further
staging was precluded absent collection of bio-marker data during calendar years for this
study.[46]

Subjects who elect to participate by telephone only are interviewed using the 50-item
Modified Telephone Interview for Cognitive Status (T1CS-m).[35,40,47,48] Based on a
validation study in this cohort,[40] a TICS-m cutoff score <31 is used to define MCI and
<27 is used to define newly-discovered dementia.

Olmsted County Healthcare Expenditure and Utilization Database (OCHEUD)
—Due to the geographic isolation and limited number of providers, >95% of all medical
care encounters by Olmsted County residents occur at either Mayo Clinic, OMC, or
affiliated hospitals.[49] Through an electronic data-sharing agreement between Mayo Clinic
and OMC, patient-level administrative data on healthcare utilization and associated billed
charges incurred at these institutions are shared and archived for use in approved research
studies. These electronically-linked data afford complete information on all hospital and
ambulatory care delivered by these providers to area residents from 1/1/1987 through the
present. The files include information on all patients (i.e., all ages and payer types, including
the uninsured) and contain line-item detail on date, type, frequency, and billed charge for
every good or service provided each individual. Long-term care costs are not included.
OCHEUD's costing algorithm employs widely-accepted valuation techniques to generate
standardized inflation-adjusted cost estimates for each service or procedure in constant
dollars. A nationally-representative calendar-year-specific dollar cost is assigned each line
item.[50] Present study estimates were adjusted to represent 2010 dollars. A detailed
description of the costing methodology is provided elsewhere.[36]
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2.2 Study sample

This study was approved by Mayo Clinic and OMC Institutional Review Boards. The
sample consists of MCSA subjects identified for 2004 and 2008 sampling frames (n=6,682).
Five hundred twelve individuals were excluded who were found upon medical record review
to have resided outside Olmsted County or who refused authorization for use of medical
records in research.[51] As described above, inpatient and ambulatory medical records were
reviewed for prevalent dementia; remaining individuals were presumed to be dementia-free
and were invited to participate in prospective evaluations. Four hundred eighty four
individuals had met criteria for prevalent dementia, and 538 individuals were excluded due
to terminal illness or inability to be contacted. Of the 5,148 who remained eligible for
prospective assessment, 1,777 (34%) refused the invitation. There were 3,371 individuals
who were prospectively assessed at baseline, either in person (n=2,447) or by telephone
(n=924). Individuals with indeterminate cognitive status (12 in-person and 68 telephone
subjects) were excluded from analysis, as were 184 enrolled in the telephone interview who
did not return the Health Insurance Portability and Accountability Act form,[52] an
institutional requirement for using survey results in research. A flow chart is provided in
Appendix.

2.3. Data collection

For the present study, participants enrolled in the prospective portion of MCSA were
assigned the cognitive status determined at the baseline (i.e., the first) assessment. The
baseline assessment date was defined as the index date. For persons with prevalent dementia
determined from record review, the date of record review was defined as the index date.
Index dates ranged from 11/2/2004 through 8/2/2010. OCHEUD billing data were used to
obtain line-item detail on all medical services and procedures, site of care delivery, and all
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosis codes[53] assigned each individual the full year before index.

Site of care—Care-delivery site was determined using “location of service” codes from
OCHEUD line-item detail. Site was categorized as hospital inpatient, hospital outpatient,
emergency department (ED), or ambulatory (including office visits, outpatient laboratory
and radiology tests, etc.). OCHEUD outpatient medication use/costs are not available
electronically for the study period. The present study is limited to direct medical care;
nursing home use and reimbursed costs will be provided in a subsequent manuscript.

Comorbid conditions—From the list of all diagnosis codes assigned 1-year before index,
those for dementia were excluded. To explore differences among cognitive categories with
respect to all other diagnoses, each non-dementia code assigned each individual was
categorized into ICD-9-CM chapters and subchapters. To assess the contribution of
comorbid conditions to direct medical costs, we used Johns Hopkins Adjusted Clinical
Groups (ACG) System® software[54] to assign a Resource Utilization Band (RUB) value to
each individual. ACG software first categorizes an individual's ICD-9-CM-coded diagnoses
based on persistence, severity, and etiology of the condition, as well as diagnostic certainty,
and need for specialty care.[54] RUB values are then assigned based on aggregations of
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ACGs that have similar expected resource use, with values ranging from 0 (no encounters),
to 5 (diagnosis codes associated with very high use).[55]

2.4, Statistical analysis

Subject characteristics—Comparisons among cognitive categories for age, sex,
education, proportions of individuals with any activity (overall and by site of care), and
proportions of individuals with at least one diagnosis code in an ICD-9-CM chapter and
subchapter were conducted using analysis of variance, Chi-square, and Fisher's exact tests.
Comparisons among cognitive categories for RUB distributions were conducted using
Mantel-Haenszel Chi-Square test. Statistical testing used the two-tailed alpha level of 0.05.

Costs—We estimated direct medical costs in the year before index across the spectrum of
cognitive decline from CN through MCI, newly-discovered dementia, and prevalent
dementia. Similar to REP studies of population-based cost-of-illness estimates for multiple
medical conditions,[36,56-59] we first examined cost distributions within each cognitive
category. We then utilized multivariable generalized linear models with a log link and a
gamma distribution for the error term to account for skewed cost distributions. This
approach enabled coefficients to be directly back transformed into the original dollar scale.
[60,61]

We used the method of recycled predictions to analyze differences in costs between
cognitive categories. For each between-category comparison, this study employed three
separate models: the first with adjustment for age at index, sex, and education; the second
with adjustment for age at index, sex, education, and the RUB measure of co-morbidity
(after excluding dementia diagnoses); and the third with adjustment for age at index, sex,
education, and RUB (excluding both dementia diagnoses and all diagnoses within the
ICD-9-CM chapter Mental Disorders). Predicted mean differences and bootstrapped 95%
confidence intervals (CI) were calculated.[62,63] All analyses were conducted in SAS
version 9.2 (SAS Institute, Cary, NC).

3. RESULTS

3.1. Subject characteristics

Table 1 provides sample sizes and subject characteristics for the 3,591 individuals either
identified from record review as prevalent dementia or assessed in-person or by telephone as
CN, MCI, or newly-discovered dementia. There was no significant difference in gender
distribution. Age increased significantly across cognitive categories. Individuals with newly-
discovered or prevalent dementia were approximately 2 years older than those with MCI and
4 years older than CN individuals. Statistically significant declines in education were
observed across cognitive categories; however, differences were relatively small, with a
median of 12 years for MCI, newly-discovered and prevalent dementia.

Site of care—For both overall and ambulatory encounters, at least 95% of individuals had
some utilization 1-year before index (Table 1). The proportion with any utilization overall
was similar between cognitive categories. For ED and hospital inpatient encounters, the
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proportions of individuals with any activity increased with increasing cognitive impairment.
Number of inpatient stays per person was similar for CN, MCI, and newly-discovered
dementia and higher for prevalent dementia. Among individuals with any inpatient stay,
those with newly-discovered dementia and prevalent dementia experienced longer stays
compared to CN and MCI individuals. The proportion of inpatient encounters that included
surgery declined with increasing cognitive impairment. Compared with other categories,
prevalent dementia had lower proportions of both hospital outpatient and ambulatory
encounters.

Comorbid conditions—The ICD-9-CM categorization includes 17 chapters and 113
subchapters. Figure 1 provides unadjusted comparisons across cognitive categories of the
proportions of individuals with ICD-9-CM clinical diagnoses in the year before index.
Figure 1a is limited to the nine chapters with significant differences (p<0.05) across
cognitive categories and associated significant subchapters. There was generally a positive
correlation between increasing cognitive impairment and the proportion of individuals
assigned a diagnosis. Exceptions included the chapter Neoplasms and associated subchapters
‘malignant neoplasms of bone, connective tissue, skin, and breast’; ‘benign neoplasms’; and
‘carcinoma in situ’; the chapter Diseases of Nervous System & Sense Organs and associated
subchapters “disorders of peripheral nervous system’ and ‘disorders of eye & adnexa’; the
subchapter “other diseases of upper respiratory tract’ and the subchapter ‘non-specific
abnormal findings’.

With the single exception of the subchapter ‘benign neoplasms’, the proportion of
individuals with any diagnosis within each chapter and subchapter in Figure 1a appeared the
same or higher for MCI compared to CN. The direction of the association appeared less
consistent for comparisons between newly-discovered dementia and MCI. For the category
prevalent dementia, the proportion of individuals with a diagnosis was higher for five of the
nine significant chapters compared to other categories; the difference was especially marked
for the chapter Mental Disorders and for each significant subchapter within that chapter.

Figure 1b is limited to the five chapters with no significant difference across cognitive
categories, but for which there were significant differences within associated subchapters.
Of these 10 significant subchapters, all but two revealed a general increase in the proportion
of individuals with any diagnosis with increasing cognitive impairment. The exceptions
were ‘other metabolic and immunity disorders’ and “disorders of breast’. ‘Disorders of
breast” was the only subchapter in Figure 1b for which the proportion of individuals with
any diagnosis was less for MCI than for CN. Importantly, although the chapter Diseases of
the Circulatory System was not itself significant, two subchapters revealed a significant
increase in the proportion assigned a diagnosis with increasing cognitive impairment,
including ’cerebrovascular disease’.

Figure 2 provides the distribution of ICD-9-CM diagnoses aggregated by RUB values.
Figure 2a provides RUB distributions by cognitive category and includes all individuals and
all diagnoses except dementia diagnoses. For each cognitive category (including CN) 90%
of individuals had a RUB value =3 (i.e., diagnoses indicative of “moderate”, “high”, or
“very high” resource use). The proportion with “very high” use increased with increasing
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cognitive impairment. Figure 2b provides RUB distributions (again excluding dementia
diagnoses) within each cognitive category, comparing individuals who did and did not have
any diagnoses in the ICD-9-CM chapter Mental Disorders. Within each cognitive category,
the proportion of individuals with diagnoses indicative of very high use was higher for those
with any Mental Disorder diagnosis compared with those with no Mental Disorder diagnosis
(p<0.001).

3.2. Direct medical costs

Table 2 provides unadjusted cost distributions for each cognitive category, overall and by
care-delivery site. Costs were highly skewed within each category. Overall costs ranged
from $0-$173,937 (CN); $0-$69,882 (MCI); $0-$140,559 (newly-discovered dementia); and
$0-$354,786 (prevalent dementia). Importantly, the distribution of costs generally increased
with increasing cognitive impairment. Total unadjusted mean direct medical costs 1-year
before index were 12% higher for MCI vs. CN, 39% higher for newly-discovered dementia
vs. MCI, and 24% higher for prevalent dementia vs. newly-discovered dementia. Hospital
inpatient costs accounted for >43% of all costs within each category, and fully 70% of all
costs for prevalent dementia. ED costs accounted for <7% of all costs in each category. For
both hospital inpatient and ED, the proportion of total costs within these sites generally
increased with increasing cognitive impairment. By contrast, the proportion of all costs that
occurred in hospital outpatient and ambulatory sites generally decreased with increasing
cognitive impairment. In each site, a very few individuals experienced extremely high costs,
and in some sites, >50% of individuals experienced no costs.

For all sites combined, Table 3 provides mean predicted direct medical costs and mean
predicted difference in costs for each between-category comparison for three separate
models. All models were adjusted for age, sex, and education. For each model, between-
category cost differences increased markedly with increasing impairment of the category
being compared. In the model adjusted only for age, sex, and education, the confidence
intervals excluded zero (i.e., reached statistical significance) for comparisons between CN
and newly discovered dementia, CN and prevalent dementia, and MCI and prevalent
dementia.

After adjustment for the RUB calculation of summary comorbidity that considered all
diagnoses except dementia, the 95% confidence intervals excluded zero for only CN and
prevalent dementia. Visual comparisons with models which adjusted only for age, sex, and
education reveal markedly lower point- estimates for between-category differences in mean
predicted costs, e.g., the difference between newly-discovered dementia and MCI decreased
from $2,529 to $603. Importantly, however, as revealed by the right-most column in Table
3, much of the reductions in between-category cost differences following adjustment for all
comorbid conditions were mitigated when diagnoses contained in the ICD-9-CM chapter
Mental Disorders were excluded from the RUB adjusting variable.

4. DISCUSSION

This study provides objective estimates of direct medical care use and costs for persons
across the spectrum of cognitive decline, from CN through MCI, newly-discovered
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dementia, and prevalent dementia. Mean direct annual cost estimates for individuals with
prevalent dementia were $11,678, nearly twice those for CN individuals ($6,042). Greater
than 95% of individuals within each category had some costs in the year before index.
However, consistent with findings for health expenditures generally,[64] a large proportion
of costs within each site were accrued by relatively few individuals. The single exception
was ambulatory visits. Although 79% of CN and MCI individuals and >59% of individuals
with prevalent dementia had no hospital inpatient encounter, hospital inpatient costs
accounted for a substantial proportion of all costs within each cognitive category, and fully
70% of all costs for prevalent dementia.

For the vast majority of ICD-9-CM chapters/subchapters with significant across-category
differences in the proportion of individuals with any diagnosis code, the proportions
increased as cognitive impairment increased (Figure 1). The few exceptions prompt
speculation that persons with prevalent dementia are less likely than CN or MCI individuals
to be seen for minor conditions and preventive care. This suggestion is reinforced by
observations that a) aggregation of individual's diagnosis codes into RUB groupings
indicative of resource use revealed increasing proportions in the “very high use” group as
cognitive impairment increased and b) rates of ambulatory and hospital outpatient
encounters were relatively low for persons with dementia.

Although direct medical costs for individuals with MCI were higher than those for CN
individuals within each care delivery setting under investigation, the overall annual age- sex-
and education-adjusted predicted mean difference of $783 was not statistically significant.
Age- sex- and education-adjusted predicted mean differences in costs reached significance
for CN versus newly discovered dementia, CN versus prevalent dementia, and for MCI
versus prevalent dementia. Addition of a summary measure of comorbidity to age- sex- and
education-adjusted models revealed dramatic reductions in between-category cost
differences. The only between-category difference that remained significant was that for CN
versus prevalent dementia. Each of the other differences now had confidence intervals that
included zero, leading us to conclude that much of the observed increases in overall costs
with increasing cognitive impairment were attributable to comorbid conditions.

We specifically investigated the contribution of Mental Disorders (including psychosis,
depression, anxiety, agitation, and several other neuropsychiatric conditions) to this
reduction in cost differences by excluding diagnoses within that ICD-9-CM chapter from
our calculation of RUB. In general, the reductions in between-category cost differences
following adjustment for all comorbid conditions were less evident when Mental Disorders
were not considered in the adjustment. Further investigation is needed to fully address the
question of whether comorbid conditions associated with between-category cost differences
are risk factors for, co-travelers with, and/or consequences of cognitive impairment. We
concluded that significant cost increases for prevalent dementia relative to MCI and CN
categories are concentrated within the hospital inpatient site and among relatively few
individuals with high comorbidity.

Comparison with other cost studies is limited by marked between-study differences,
including ascertainment of cognitive status, age range, study period, source of cost data,
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extent to which comorbid conditions were considered, and statistical analyses. Such
differences have contributed to conflicting findings among previous studies, even for
comparison between dementia and non-dementia.[65-68] Regarding comparisons between
prevalent dementia and CN, our results reflect pooled conclusions by others that a) medical
costs are higher for individuals with dementia compared to those without dementia; b)
differences are especially great for hospital inpatient costs; ¢) among hospitalized patients,
those with dementia are admitted for different reasons and longer stays; d) dementia subjects
with selected comorbid conditions have higher costs than those for subjects with similar
conditions but no dementia; and e) dementia-associated use is reduced following adjustment
for comorbidity.[3,5,19,20,23,69-73]

We are aware of only two other studies [28,29] with estimates of direct medical costs
associated with MCI in which MCI was identified using currently accepted diagnostic
criteria.[31,32] Luppa et al.[29] identified German primary care patients age 75+ with
(n=39) and without (n=413) MCI. No significant difference in direct medical costs was
found, either overall or for any cost category except pharmaceuticals (p=0.047). The
difference between subjects with and without MCI for total mean annual direct costs (after
translating Euros to U.S. dollars) was similar to our estimate of $742.

By contrast, Zhu et al.[28] found substantial differences in baseline average annual direct
medical cost per person between subjects with MCI ($6,499) and without MCI ($2,969).
The number of selected self-reported medical conditions was associated with higher costs in
both groups; however, with few exceptions (renal/genitourinary, neurological, and
respiratory problems), presence of medical conditions were similar between participants
with and without MCI.

The marked differences between our findings and those by Zhu et al. may reflect differences
in study design. The age range of subjects in Zhu et al.'s study was 55-90 years versus 70-89
years in our study. Costs associated with cognitive impairment may be greater at younger
ages. Subjects in Zhu et al.'s study were drawn from clinical trials; cases were referred for
memory problems and selection of controls required absence of depression or other
neurodegenerative conditions. As noted by the authors and others,[74] generalizability may
be limited because community-dwelling older adults with MCI are typically older with more
medical problems and rarely have their cognitive impairment identified.[74]

Studies by Luppa et al.[29] and Zhu et al. [28] consisted only of comparisons between
normal and MCI individuals. Comparisons between MCI and dementia (newly discovered or
prevalent) are needed to inform efforts to prevent or postpone cognitive decline across the
full spectrum. Wimo et al.[30] used Mini Mental Status Examination scores to categorize
individuals as normal (24-30), MCI (18-23), and dementia (<18). Consistent with our
significant difference in annual costs between persons with MCI and those with prevalent
dementia, Wimo et al. concluded that postponement between MCI and manifest dementia
may result in short-term benefits (a few years) of about $5300.
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4.1. Strengths

This study has several strengths. The sample is population-based. Cognitive status at
baseline for CN, MCI, and newly-discovered dementia was assessed comprehensively using
information from a neurologic evaluation by a physician, a nurse interview, and
neuropsychological testing; the diagnosis was made by consensus. Hospital inpatient,
outpatient, ED, and ambulatory care sites were included. Costs were based on provider-
linked billing data containing detailed objective data for essentially all medical services and
procedures provided each individual 1-year before index. Our analyses accounted for the
extremely skewed nature of cost data and adjusted for differences between cognitive
categories in age, sex, education, and clinically-diagnosed comorbid conditions. Analyses of
comorbidity considered all hospital and ambulatory diagnoses assigned each individual over
a full year; the RUB summary measure is a preferred measure for cost adjustment.[75]

4.2. Limitations

Study limitations include that estimates are for a single geographic population, which in
2010 was 86% white. Although limited to Olmsted County, MN, rates of chronic disease
prevalence are very similar to those for Minnesota generally and all other upper midwest
states.[76] Olmsted County age- sex- and racial-distributions are also similar to these
geographic regions; however, Olmsted County residents exhibit higher income and
education (Olmsted County vs. Minnesota respectively for 2000: median household
income=$51,316 vs. $47,111; % with bachelor's degree or higher=35% vs. 27%).[76]
Among Medicare eligible residents, the mean (SD) number of inpatient stays and inpatient
days respectively are similar for Olmsted County [0.33 (0.83); 1.5 (5.9)] and non-Olmsted
County Minnesota [0.30 (0.78); 1.4 (5.1)].[49] While no single geographic area is
representative of all others, the under-representation of minorities and the fact that
essentially all medical care is delivered by few providers compromises the generalizability
of our study findings to different racial and socio-economic groups and different health care
environments.

The present study was limited to eligible persons who did not refuse participation (see
Appendix). For subjects with prevalent dementia based on record review, previous studies
reveal that the proportion of all Olmsted County residents who refuse use of medical records
for research is <5%.[51] For subjects who were eligible for participation in the prospective
study, previous studies reveal that MCSA subjects who refused participation are older, more
likely male, and more likely to have greater comorbidity. Likelihood of participation was not
associated with history of stroke, hypertension, coronary heart disease, marital status, or
prior clinical diagnosis of MCI or dementia.[35].

The study included both in-person and telephone participants. To assess the impact of
including the latter, we reanalyzed data from Table 3, excluding telephone participants (data
not shown, available upon request). The ClI values overlapped between the two approaches.
With respect to disparate conclusions regarding significant between-category comparisons;
in the right hand column of Table 3, the only comparison that differed was that between
newly-discovered and prevalent dementia. The point estimates were very similar, but the
cost difference reached significance for analyses that included both in-person plus telephone
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participants [$3,334 (350 to 5,899)] but did not reach significance for the smaller subset that
excluded telephone participants [$3,282 (-1,722 to 7,018)].

The study design was cross-sectional. Cognitive status was defined as of the index date;
costs were accrued 1-year before. If some individuals categorized as MCI or dementia at
index had progressed within the year before, between-category cost differences may be
underestimated. Subsequent studies will follow MCSA subjects for costs accrued over
sequential assessments, e.g. as they progress from MCI to newly-discovered dementia.

Prevalent dementia was identified based on neurologist's application of DSM-IV criteria
following detailed medical record review;[38] information on duration and severity were not
always reliably available; thus we were unable to estimate the contribution of these
characteristics to increased costs.

This study did not include outpatient pharmaceutical costs. No indirect or long-term care
costs were included. It is recognized that long-term care and indirect costs, including the
burden for caregiver/spouses of affected individuals, contribute greatly to the excess costs
associated with dementia.[3,23] Nursing home cost estimates will be afforded in future
investigations with access to Centers for Medicare and Medicaid Services Minimum Data
Set [MDS] for MCSA subjects.[77]. Our preliminary review of MDS data suggests that the
proportion of MCSA subjects with =1 nursing home day in the year before index was 3.1%,
4.5%, 12%, and 35% for CN, MCI, newly-discovered dementia, and prevalent dementia
respectively.[78] Consistent with findings by others,[28] it is unlikely that nursing home
costs contribute greatly to MCI or CN costs.

4.3. Implications

Findings presented here for a single year reinforce the urgent need to address the impending
crisis posed by rising numbers of persons within categories of CN and MCI who are
currently at risk of dementia nationwide, and in the coming decades. Higher costs for both
newly-discovered and prevalent dementia compared to CN and MCI categories appeared
largely attributable to inpatient costs, with longer stays and a higher proportion of medical
vs. surgical admissions. Based on reasons for admission recorded in billing data (i.e.,
principal discharge diagnosis codes), it is increasingly suggested that persons with dementia
are over-hospitalized, and many hospitalizations are potentially preventable.
[20,21,65,69,71-73,79]. Our findings do not appear to suggest excessive use of surgery in
dementia patients—there is a possibility that surgery is underutilized. While our findings
may lend support for potentially preventable medical stays, we caution that diagnosis codes
may insufficiently capture all reasons for admission, including other medical conditions,
behavioral and management issues, adjustment of complicated medication regimens,
caregiver needs, and post-acute care reimbursement rules.

It has recently been noted that the current research focus on prevention of individual
diseases largely ignores competing risk. It is suggested that greater reductions in morbidity,
mortality, and federal spending would result from placing greater emphasis on the
underlying biology of aging, with the goal of slowing the aging process generally.[80] The
argument for reductions in federal spending, the focus of which is costs at the population
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level, is reinforced by our findings of extremely high direct medical costs observed for a
very few individuals in every cognitive category (including CN). However, if the question
under investigation has the individual as its focus (as is true for this study), it is important to
note that direct medical cost differences between cognitive categories remained high after
accounting for skewed distributions and adjusting for age, sex, education, and all comorbid
conditions (Table 3).

To the extent that the argument for a paradigm shift from specific diseases to aging
generally relates to medical costs, the argument is also reinforced by the marked reductions
in between-category differences in medical costs following adjustment for comorbid
conditions (Table 3). This finding (which importantly excludes indirect and long-term care
costs) suggests that cognitive differences alone do not contribute greatly to medical cost
differences and that focusing on co-occurring conditions could contribute to reductions in
excess medical costs associated with increasing cognitive impairment. Moreover, as well
recognized by others,[81-83] neuropsychiatric conditions (including depression, anxiety,
agitation, psychosis, and other disorders) contribute substantially to the comorbidity
associated with cognitive decline. This is consistent with findings in Figures 1a and 2b.
When we excluded several such conditions from our calculation of the summary measure of
comorbidity, between-category cost differences typically moved closer to estimates obtained
absent adjustment for all comorbid conditions (Table 3), reinforcing suggestions that much
of the excess burden associated with cognitive decline could be reduced by targeting
relevant neuropsychiatric conditions.[82] However, it is important to note that annual costs
for persons with prevalent dementia were nearly $4,000 higher than for CN individuals,
even after adjustment for age, sex, education, and all diagnosed comorbid conditions.

We observed that, compared to CN individuals, persons with MCI exhibited a) a higher
proportion with any diagnosis in 16 of 17 ICD-9-CM chapters, especially mental conditions,
b) higher RUB values, and c) higher, but not significantly higher, medical costs. The small
cost difference appeared concentrated in ambulatory costs, and diminished markedly
following adjustment for RUB. Each of these findings is consistent with problems related to
cognitive changes that have yet to reach the threshold for dementia.

The extent to which excess costs observed could be reduced with targeted cognitive testing
and disease modifying interventions remains unclear. However, precise, reliable, and
objective estimates of the sort provided here provide valuable data to help inform future
projections of which interventions would be cost-effective for which individuals at which
stage along the spectrum of cognitive decline. We believe that study findings can thus help
inform decisions by individuals, providers, payers, researchers, and policy makers to
ultimately realize the National Plan to Address Alzheimer's Disease's first goal of finding
effective ways to prevent and treat AD and other dementias.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context

Objective estimates of acute medical care costs are needed across the spectrum of
cognition. Subjects were a subset of the Mayo Clinic Study of Aging stratified-random
sampling of Olmsted County, MN, residents aged 70-89 years. Prevalent-dementia was
identified following neurologist's provider-linked-medical-record review (review
date=index). Remaining individuals were categorized as cognitively-normal (CN), mild-
cognitive-impairment (MCI), or newly-discovered-dementia using clinical/
neuropsychological assessments (assessment date=index). Using provider-linked
administrative data, costs for all medical services/procedures 1-year pre-index were
estimated. Source of differences (co-morbid conditions and site of care) were
investigated. Unadjusted mean costs for CN, MCI, newly-discovered-dementia, and
prevalent-dementia were $6,042, $6,784, $9,431, $11,678 respectively. Inpatient use
accounted for 70% of prevalent-dementia costs. Age-sex-education-adjusted differences
reached significance for CN versus newly-discovered and prevalent-dementia and MCI
versus prevalent-dementia. Differences were markedly reduced following adjustment for
co-morbid conditions, due largely to mental disorder diagnoses. Estimates reinforce the
need for dementia prevention/postponement and inform economic models comparing
alternative strategies.
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The proportion of individuals in each cognitive category with any significant across-
category differences* in ICD-9-CMT chapters and/or subchapters assigned in the full year
before index

Figure 1a is limited to the nine ICD-9-CM chapters and associated subchapters for which
there was a significant difference across cognitive categories.

Figure 1b is limited to the five ICD-9-CMT chapters for which there was no significant
difference across cognitive categories but for which there was a significant difference across
categories in one or more subchapters.

*Analyses were unadjusted and conducted using Chi-square and Fisher's exact test
TInternational Classification of Diseases, 9" Revision, Clinical Modification [53]
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Figure 2.
Distribution of Resource Utilization Band (RUB) [55] values*

Figure 2a compares RUB distributions across cognitive categories and includes all
diagnosis codes (except dementia diagnoses) and all individuals.
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Figure 2b provides RUB distributions within each cognitive category (again excluding
dementia diagnoses) and compares individuals with and without any diagnose in the ICD-9-
CMT chapter Mental Disorders.

*RUB 0 is limited to non-users. RUB 1 is limited to diagnosis codes in the “preventative/
administrative”, eye and dental”, or “acute minor conditions” disease groups (e.g.,
noninfectious gastroenteritis) and no other diagnoses. There are multiple ways to fall into
RUB 2-5. Some helpful examples are provided in the ACG Technical Reference Guide.[55]
In our sample, examples of RUB assignments included: RUB 2: male age 72 with brief
depressive reaction; female age 79 with central hearing loss; male age 80 with diabetes
mellitus general medical exam. RUB 3: female age 74 with malignant neoplasm of breast;
female age 79 with catatonic schizophrenia; male age 83 with panic disorder and urinary
tract infection. RUB 4: male age 77 with hypertension, general medical examination,
ischemic heart disease, congenital heart disease, cardiac valve disorders, gastrointestinal
signs/symptoms, diverticular disease of colon, chest pain, and lower back pain. RUB 5:
female age 78 with diabetes mellitus, general medical examination, cardiovascular
symptoms, cardiac arrhythmia, sinusitis, abdominal pain, anorectal conditions, benign/
unspecified neoplasm, otitis media, cholelithiasis, cholecystitis)

Tinternational Classification of Diseases, 9" Revision, Clinical Modification [53]
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Distribution of unadjusted direct medical costs 1 year before index for each cognitive category, overall and

by site of care

Cognitively normal (n=2,451) ~ Mild Newly-discovered dementia (n=119)  Prevalent dementia (n=484)
cognitive
impairment
(n=537)
Total Costs
Mean $6,042 $6,784 $9,431 $11,678
Median $2,218 $2,767 $2,028 $3,168
25t 75t percentile $782, $5,993 $1,084, 7,117  $827, $9,248 $764, $11,098
Minimum, Maximum  $0, $173,937 $0, $69,882 $0, $140,559 $0, $354,786
Hospital Inpatient
Mean $2,751 $2,956 $5,471 $8,203
Median $0 $0 $0 $0
25, 75" percentile  $0, $0 $0, $0 $0, $2,649 $0, $7,108
Minimum, Maximum  $0, $167,736 $0, $55,708 $0, $134,333 $0, $299,227
Percent of total costs ~ 46% 44% 58% 70%
Hospital Outpatient
Mean $1,322 $1,473 $1,876 $1,338
Median $0 $0 $0 $0
25t 75t percentile  $0, $1,563 $0, $1,879 $0, $1,146 $0, $635
Minimum, Maximum  $0, $48,246 $0, $37,816 $0, $47,713 $0, $51,628
Percent of total costs ~ 22% 22% 20% 11%
Emergency Dept.
Mean $256 $363 $455 $690
Median $0 $0 $0 $157
25t 75t percentile  $0, $69 $0, $289 $0, $362 $0, $970
Minimum, Maximum  $0, $8,768 $0, $4,977 $0, $5,287 $0, $11,971
Percent of total costs 4% 5% 5% 6%
Ambulatory Visits
Mean $1,713 $1,992 $1,629 $1,446
Median $1,171 $1,406 $1,163 $984
251, 75M percentile  $602, $2,195 $698, $2,525  $603, $2,010 $466, $1,803
Minimum, Maximum  $0, $42,086 $0, $45,015 $0, $7,121 $0, $14,064
Percent of total costs ~ 28% 29% 17% 12%

*
Long-term care costs are excluded
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