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Abstract

Objective—This study aims to examine whether effects of dementia severity on Medicare 

expenditures differed for individuals with different levels of comorbidities.

Methods—Data are drawn from the Washington Heights-Inwood Columbia Aging Project 

(WHICAP), a multiethnic, population-based, prospective study of cognitive aging (N=1,927). 

Comprehensive clinical assessments of dementia severity were systematically carried out at 

approximately 18 month intervals. Dementia severity was measured by Clinical Dementia Rating 

(CDR) at each assessment. Comorbidities were measured by a modified Elixhauser comorbidities 

index. Generalized linear models examined effects of dementia severity, comorbidities, and their 

interactions on Medicare expenditures (1999–2010).

Results—At baseline, 1,280 subjects were dementia free (CDR=0, 66.4%), 490 had very mild 

dementia (CDR=0.5, 25.4%), 108 had mild dementia (CDR=1, 5.6%), 33 had moderate dementia 

(CDR=2, 1.7%), and the rest 16 had severe dementia (CDR=3, 0.8%). Average annual Medicare 

expenditures for individuals with moderate/severe dementia were more than twice as high as those 

who did not have dementia (CDR=0: $9,108, CDR=0.5/1: $11,664, CDR≥2: $19,604, p<0.01). 

Expenditures were approximately 10 times higher among those with ≥3 comorbidities than among 

those with no comorbidities to ($2,612 for those with no comorbidities, to $6,109 for those with 1, 

$10,656 for those with 2, and $30,244 for those with ≥3 comorbidities, p<0.001). Multivariate 

estimates showed that dementia severity was associated with higher expenditures, but 

comorbidities were the most important predictor of expenditures. We did not find strong 

interaction effects between number of comorbidities and dementia severity.
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Conclusions—Increasing dementia severity and higher comorbidities are associated with higher 

Medicare expenditures. Care of individuals with dementia should focus on management of 

comorbidities.
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INTRODUCTION

Alzheimer’s disease and related dementias is a major public health challenge to US. In 2015, 

direct costs of caring for those with Alzheimer’s disease (AD), the most prevalent form of 

dementia, are estimated to be $226 billion, with half of the costs borne by Medicare.1 

Average annual cost of care for each AD patient is estimated to be between $41,689 and 

$56,290, more than twice the cost of care for individuals without dementia.1,2 Among 

individuals with dementia, prevalence of coexisting conditions is high. Some of the most 

common conditions, including hypertension, diabetes, congestive heart failure, coronary 

heart diseases, have been reported to be higher in dementia patients compared to others 

without dementia, although rates of other conditions such as chronic kidney disease and 

cancer have been reported to be lower.1–19

Comorbidities in patients with dementia present particular challenges for their care. 

Dementia may complicate a patient’s clinical management, and some conditions may 

exacerbate the progression of dementia, increasing cost of care. On the other hand, clinicians 

may be more reluctant to treat patients with dementia because of difficulties in 

communicating with patient or obtaining patient cooperation, or a patient with dementia may 

not be considered a good candidate for aggressive interventions and cost of care may 

actually be lower than that of another patient with otherwise similar conditions. The severity 

of dementia and number of comorbidities also may affect cost of care differently. While 

dementia and comorbidities have been shown to be independently associated with higher 

healthcare use and costs,2,11,20–24 fewer studies have examined how dementia and 

comorbidities may interact to affect healthcare use and expenditures. In a study that reported 

Medicare claims based dementia diagnosis were associated with higher rates of all-cause 

and preventable hospitalizations, the magnitude of the effect of dementia was lower in 

patients with higher comorbidities,21 suggesting that the effects of dementia on 

hospitalization are modified by comorbidity burden. But the study did not examine how this 

interaction ultimately impact cost. Furthermore, dementia severity also was not considered 

in the study. Only one early study reported that while dementia severity and comorbidities 

were independently associated with higher cost of care, dementia severity did not have an 

interactive effect with comorbidities on cost.25

In this study, we take advantage of a unique longitudinal study that prospectively followed a 

cohort of Medicare beneficiaries for whom comprehensive assessments were systematically 

and frequently carried out, and for whom expenditures data are available from Medicare 

claims. The main goal of this study was to explore the relationship between dementia 
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severity and comorbidities and examine whether cost effects of dementia severity differed 

for individuals with different levels of comorbidities. We extend the literature by using 

dementia diagnoses based on clinical consensus instead of claims-based diagnoses. The 

latter have been shown to under-estimate or mis-identify dementia and provide little 

information on disease severity.26–28

METHODS

Participants

Participants were drawn from the Washington Heights-Inwood Columbia Aging Project 

(WHICAP), a multiethnic, population-based, prospective study of cognitive aging of 

Medicare beneficiaries age 65 and older residing in northern Manhattan. Lists of all 

Medicare or Medicaid recipients in the study area were provided by the Centers for 

Medicare and Medicaid Services (CMS) at the beginning of study enrollment in 1992. A 

total of 2,125 subjects were recruited. A “refreshment” cohort of 2,183 additional 

participants was formed in 1999 using generally similar methods, with several exceptions: 

new lists of beneficiaries were obtained but those drawn into the 1992 cohort were excluded. 

The original list of names was divided into six strata based on age (65–74 years and 75 years 

and older) and ethnic group. Ethnic groups (Hispanics, non-Hispanic blacks, non-Hispanic 

whites) were categorized using CMS data supplemented by 1990 US Census files that 

included a Hispanic surname. These strata were further subdivided into subsamples so that 

the distributions by age and ethnic group within each subsample were similar. This provided 

a means to ensure equal representation of the community during the initial assessment of 

participants. Based on the distributions within the subsamples, the proportion of individuals 

within age and ethnic group who participated in the study did not differ significantly from 

the source population. Detailed descriptions of study methodology have been reported 

previously. 29,30 At the time of study entry, each subject underwent an in-person interview of 

general health and functional ability, followed by a standardized assessment including 

medical history, physical and neurological examination, and a neuropsychological battery. 

After the baseline assessment, subjects were followed at approximately 18-month intervals 

with similar assessments till death, or lost to follow up whichever is earlier. Evaluations 

were conducted in either English or Spanish, based on the participant’s primary language or 

preference. Recruitment, informed consent and study procedures were approved by the 

Institutional Review Boards of Columbia Presbyterian Medical Center and Columbia 

University Health Sciences, the New York State Psychiatric Institute, and the CMS Privacy 

Board. Written informed consent was obtained from all subjects.

To obtain data on Medicare utilization and expenditures, individuals were matched to the 

Medicare Beneficiary Summary file (MBSF) using social security number and Medicare 

beneficiary ID. The study sample included individuals followed from their first WHICAP 

visit or the beginning of Medicare data availability (January 1, 1999), and ended at death, 

end of study follow-up, or end of Medicare data availability (December 31, 2010). 

Specifically, 2,541 subjects who were alive in 1999 were considered for the current analysis. 

406 subjects who did not match to CMS crosswalk file or who did not match to CMS MBSF 

were then dropped. Because data from individuals who were covered under Medicare 
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managed care are incomplete in the Medicare claims, we followed CMS Chronic Condition 

Warehouse (CCW) guideline for full coverage definition and excluded observations from 

subjects who were not covered by Medicare fee-for-service (FFS) providers for 10 or more 

months during a calendar year (or had no more than 1 month which is not covered during the 

year of death if the subject died).31 The current analysis included 1,927 remaining subjects. 

Figure 1 summarizes our sample selection process. Baseline in the current analysis is 

defined to be the first calendar year in which a subject who had a WHICAP evaluation who 

also had full Medicare coverage.

Dementia Severity

At each WHICAP assessment, diagnostic conferences were held by a group of neurologists, 

psychiatrists, and neuropsychologists using results from the neuropsychological battery as 

well as evidence of impairment in social or occupational function.29,32 A diagnosis of 

dementia was determined based on the Diagnostic and Statistical Manual of Mental 

disorders, revised Fourth Edition criteria. The type of dementia was subsequently 

determined. Diagnosis of probable or possible AD was made based on criteria outlined by 

the National Institute of Neurological and Communicative Disorders and Stroke-

Alzheimer’s Disease and Related Disorders Association. Dementia severity was measured 

by the Clinical Dementia Rating (CDR).33 The CDR has advantage of combining both 

function and cognitive manifestations of the disease, and is well standardized and segments 

in the disease into well-understood levels of severity.

Medicare Expenditures

Medicare expenditures data were obtained from Medicare Standard Analytic Files (SAFs) 

and included all covered services (inpatient, outpatient, physician, durable medical 

equipment, skilled nursing, home health, and hospice care). Expenditures reflect actual 

payments to each beneficiary and were summarized annually by calendar year. Because 

WHICAP subjects were followed at 18 month intervals, we used WHICAP assessment dates 

as anchors and aligned Medicare expenditures to the calendar year. Medicare data in years in 

which there were no clinical assessment were excluded. Because all Medicare data during 

the year of death for those who died were observed, we did not annualize cost during the last 

year of life.34 All expenditures were adjusted to 2012$ using the medical care component of 

the Consumer Price Index. 35

Comorbidities

All ICD-9-CM diagnosis codes in all Medicare SAFs were used to identify comorbid 

conditions in the Elixhauser comorbdity index (range=0–30). To prevent over-estimation of 

the comorbidity when using physician or outpatient claims, we followed the literature and 

applied a rule-out algorithm to physician/outpatient claims, requiring occurrences of the 

diagnostic code on at least two different claims that are more than 30 days apart when 

identifying conditions in these claims.36,37 A modified Elixhauser comorbidities index 

during a year was constructed by summing all individual indicators (empirical range=0–11), 

excluding dementia. (Detailed codes for identifying each condition are in Quan et al, 2005 

report. 37) Because 90% of all subjects had 3 or fewer comorbidities at baseline, we grouped 

comorbidities into four categories: 0, 1, 2, and 3+ comorbidities.37,38
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Other Clinical and Socio-demographic Characteristics

Individuals’ disability, which may or may not be related to dementia, was measured by 

difficulties performing various activities of daily living (ADL) using the Blessed Functional 

Activity Scale.39 Individual items were summed (range = 0–9) and grouped into the 

following categories: ADL=0, 1, and ≥2 based on empirical distributions. Extrapyramidal 

signs (EPS) were assessed using a modified Unified Parkinson’s Disease Rating Scale, 

whose inter-rater reliability has already been established.40 A total EPS score was computed 

and dichotomized into <2 (slight or none) vs. ≥2 (moderate or severe). Drug-induced EPS 

were excluded from the analyses.

The socio-demographic characteristics were included a priori in multivariate analyses based 

on known associations between these predictors and healthcare spending: age, sex, ethnicity, 

years of education, marital status, and Medicaid eligibility as a proxy for socioeconomic 

status. Because death is strongly associated with healthcare expenditures, we included an 

indicator for death during the year.

Analysis

Baseline socio-demographic and clinical characteristics by dementia severity were compared 

using chi-square test for categorical variables and Kruskal-Wallis test for continuous 

variables. We also compared Medicare expenditures by dementia severity and comorbidities.

There are a number of well-known methodological challenges in analyzing cost data, 

including (1) non-negative costs, (2) excess zeroes from individuals not using healthcare 

services during a particular period, (3) heavy right tails, and (4) substantial right-skewness.41 

Several categories of analytical approaches have been developed to tackle these issues.42 In 

the current sample, the vast majority of individuals used Medicare services at some time 

during the study period, so excess zeroes are less of a concern. We considered several 

methodologies that are more suitable for our sample, including ordinary least squares 

regression (OLS), methods following transformation of data, generalized linear models 

(GLMs), and parametric models based on skewed distributions outside the GLM family. 

Unless the dataset is sufficiently large, OLS typically results in inconsistent or inefficient 

estimates.43 In order to account for the problem of skewness, methods following 

transformation of data (most often log transformation) have been commonly used. However, 

log costs estimates are not of interest for decision makers, and retransformation is needed for 

estimates to be re-interpreted to the original cost scale. More recently, generalized linear 

models (GLM) have been increasingly used as an improved method of analyzing cost. In the 

current analysis, our analytic problem is further complicated by the longitudinal nature of 

the data. In theory, generalized linear mixed models (or GLMMs) are an extension of GLMs 

that can be used in this setting. However, it is not yet clear how the characteristics of the cost 

data are dealt with in this model. Because multiple observations may be included as subjects 

were followed over time, cluster robust standard errors were estimated by integrating subject 

ID as a cluster term. We examined the appropriateness of distributional family and link 

functions using modified Park test and chose GLM with gamma family and log link as our 

estimation method. Our main independent variables are comorbidities, dementia severity, 

and their interaction terms. We hypothesize that the main effects of comorbidities and 
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dementia severity are both positive. Our main interest is the coefficient on their interaction 

terms. If the interaction term is statistically non-significant, this indicates no modifying 

effects of dementia severity and comorbidities. If it is positive, this indicates that increasing 

dementia severity and higher comorbidities are associated with increasingly higher cost of 

care. If it is negative, this indicates that cost of care in individuals with more comorbidities is 

lower in the presence of dementia. Because of the small proportions of the sample with 

CDR=3 at any assessment interval, we combined it with the CDR=2 group. We also 

combined CDR=0.5 and CDR=1 groups as exploratory analysis showed little difference in 

costs between these two groups. Individual’s CDR status could change over time. Control 

variables included disability, EPS, age, gender, race/ethnicity, education, marital status, 

Medicaid eligibility, died during the year, and indicators for year. Except for gender, race/

ethnicity, and education, all other variables are included as time-varying covariates.

All analyses were performed using Stata 13.0. Statistical significance was set a priori at 

p<0.05.

Sensitivity Analyses and Other Considerations

Alternative measures of comorbidity—We constructed an unweighted modified 

Charlson comorbidity scores based on Medicare claims,37 and also a modified weighted 

Charlson index based on WHICAP survey questions as alternative measures of 

comorbidity.44,45 Estimated results using these comorbidity measures were substantively 

similar to those derived from using the Elixhauser index. Complete estimation results using 

all three comorbidity indices can be obtained from the authors.

Multiple interactions—The interactions between dementia severity, comorbidities, and 

functional limitations are likely to be complex. Dementia severity and functional limitation, 

as well as functional limitations and comorbidity are related and are important determinants 

of cost of care.20 To examine this issue, we first tested correlations between these variables. 

Although highly signification, the magnitude of the correlation across all assessments 

between functional limitations and comorbidities (rho=.119) and between comorbidities and 

CDR (rho=0.084) in this sample were fairly low (both p<.001). The correlation between 

functional limitations and CDR was higher (rho=.438, p<.001). We then explored estimation 

models that included these three way interactions. Results did not show significant 

interactions between functional limitations and dementia severity. All of the three way 

interactions were statistically non-significant. Because our focus was to examine the 

relationship between dementia severity and comorbidities, we included functional disability 

measure as a control variable in our analyses.

RESULTS

Sample Characteristics at Baseline

The mean age of the sample at baseline was 78.0±7.0 years. The sample was 67.5% women, 

43.5% Hispanic (mainly of Caribbean ancestry) and 24.9% African American. At baseline, 

1,280 subjects were dementia free (CDR=0, 66.4%), 490 had very mild dementia (CDR=0.5, 

25.4%), 108 had mild dementia (CDR=1, 5.6%), 33 had moderate dementia (CDR=2, 1.7%), 
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and the rest 16 had severe dementia (CDR=3, 0.8%) (Table 1). At the last assessment, 57.4% 

of the subjects had CDR=0, 25.2% had CDR=0.5, 9.4% had CDR=1, 8.0% had CDR=2 or 

worse. Individuals with more severe dementia were older, more likely to be female, and had 

more functional limitations and extrapyramidal signs than those with no or mild dementia. 

On average, individuals who were initially dementia free were followed in the WHICAP 

study for 3.4±3.2 years (2.2±2.7 for those who were initially mildly demented, and 1.6±0.9 

for those who were initially with moderate/severe dementia). Average years of Medicare 

data contribution were similar across dementia severity groups (2.2±1.2, 2.2±1.1, and 

2.2±1.1 years for those who were initially dementia free, with mild dementia, and with 

moderate/severe dementia, respectively). By the end of the study, 34.7% of those who were 

initially dementia free had died, as did 42.4% of those who were initially mildly demented, 

and 73.4% of those who were initially with moderate/severe dementia.

The modified Elixhauser index was 1.2±1.7 for the entirely sample, 1.1±1.7 in those without 

dementia, 1.7±1.9 in those with mild dementia, and 2.2±2.1 in those with moderate/severe 

dementia. The most common conditions included hypertension (34.5%), diabetes (16.3%), 

cardiac arrhythmia (7.3%), chronic pulmonary disease (7.3%), and congestive heart failure 

(6.9%). Prevalence of these comorbidities was higher in those with more severe dementia.

Dementia Severity, Comorbidities, and Medicare Expenditures

Unadjusted expenditures by dementia severity and comorbidities across all assessments are 

shown in Table 2. Average annual per capita Medicare expenditures for individuals with 

moderate/severe dementia were more than twice as high as those who did not have dementia 

($9,108 for those with CDR=0, $11,664 for those with CDR=0.5/1, and $19,604 for those 

with CDR≥2, p<0.01). Within each comorbidities group, differences in mean costs across 

dementia severity groups remain statistically significant (all p<.001), but median costs were 

similar across dementia severity groups.

Comorbidities were strongly associated with expenditures. For the entire sample, average 

per capita expenditures were approximately 10 times higher among those with ≥3 

comorbidities than among those with no comorbidities ($2,612 for those with no 

comorbidities, to $6,109 for those with 1, $10,656 for those with 2, and $30,244 for those 

with ≥3 comorbidities, p<0.001). Within each CDR level, differences in mean and median 

costs across comorbidity groups are statistically significant (all p<.001).

Regression Estimates on Medicare Expenditures

Estimated effects of dementia severity and comorbidities on Medicare expenditures are in 

Table 3. After controlling for other covariates, number of comorbidities continued to have 

the strongest effects on expenditures. Estimated coefficients were larger for higher 

comorbidities, suggesting larger increases in costs from higher comorbidities. Dementia 

severity was independently associated with higher expenditures. The interaction terms 

between dementia severity and number of comorbidities were mostly statistically non-

significant.

Predicted expenditures by dementia severity and comorbidities using these estimated 

regression coefficients are shown in Figure 2. Within each dementia severity group, 
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expenditures were significantly higher for those with higher comorbidities. Specifically, in 

individuals without dementia, expenditures were predicted to range from $2,531±377 in 

those without any comorbidities to $27,732±1,172 in those with 3+ comorbidities. In 

individuals with mild dementia, expenditures were predicted to range from $3,135±300 for 

those without any comorbidities to $29,982±2,606 for those with 3+ comorbidities. In those 

with moderate/severe dementia, expenditures were predicted to range from $3,673±722 for 

those without any comorbidities to $2,979±3,402 for those with 3+ comorbidities. 

Conversely, within each comorbidities group, predicted expenditures also were higher for 

higher dementia severity, but the magnitude of the effects were not as large.

Higher expenditures also were associated with higher functional limitations and 

extrapyramidal signs. Older age, being female, having higher education, and death during 

the year also were associated with higher expenditures (results are provided in 

supplementary table 1).

DISCUSSION

Existing studies on cost of dementia have often used claims-based dementia diagnosis, 

which have been shown to under-estimate or mis-identify dementia and provide little 

information on disease severity. In this study, we explored the relationship between dementia 

severity and comorbidities and examined their effects on Medicare spending in an ethnically 

diverse cohort of individuals for whom dementia was clinically diagnosed and dementia 

severity was systematically assessed over time. Epidemiologic studies that have both 

clinically assessed dementia and comprehensive cost data such as those from Medicare 

claims are rare. In combining the two sources of data, we aimed to avoid biases that may 

have been introduced in using claims based data only. To put our study in context, it is 

important to note several important differences in our study aside from how dementia was 

assessed. Most notably, our sample is almost two thirds minority, predominantly Hispanic, 

and was recruited from a defined geographic area. Caution should be exercised in 

generalizing our results to other populations. That said, our results showed that after 

controlling for other determinants of cost, dementia severity and comorbidities were both 

independently associated with higher costs. Consistent with existing studies that showed that 

comorbidities accounted for substantial proportion of healthcare use and costs,19 we found 

that comorbidities were the strongest drivers of higher costs of care. Similar to an early 

study which examined interactive effect of dementia severity and comorbidities on cost,25 

we also did not find a substantial modifying effect of dementia severity and level of 

comorbidities on costs of care.

Multimorbidity has been shown to have substantial negative impact on a person’s health and 

on the continuity of primary care.46,47 Our results show that in the context of dementia, this 

relationship remains. Several very large studies using administrative datasets reported that 

for some of the most prevalent comorbid conditions, costs for dementia patients were 

substantially higher compared to demographically matched control subjects.5,9 In a set of 

secondary analyses, we estimated the effects of several common comorbid conditions on 

Medicare expenditures, e.g., hypertension, diabetes, cardiac arrhythmia. Results showed 

these comorbidities were associated with higher expenditures, but interaction effect between 
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individual comorbidities and dementia severity were not statistically significant. Aside from 

differences in sample characteristics, the statistical non-significance in our results possibly 

related to large differences in sample sizes between these studies. Healthcare delivery, 

research, and education often focus on individual diseases, but people with multimorbidity 

may have needs that are different from those with only one condition, and that need a 

broader approach in their care. Many models of care are focused on individual diseases and 

do not take into account the needs of those with multiple conditions.48,49 With the growing 

number of older adults with dementia and multiple chronic conditions, understanding 

whether and how comorbidities and dementia severity may interact to affect healthcare costs 

are highly relevant for healthcare planning, allocation of resources, and development of 

strategies to improve care and manage costs. Our results also point to the importance of 

examining dementia severity instead of only presence of dementia. Many studies, especially 

those based on claims data, often only use a binary indicator of dementia diagnosis. Our 

results suggest that the substantial cost effects of dementia are mostly due to moderate/

severe dementia and multiple comorbidities.

There are several limitations in the study. First, as noted before, it is important to emphasize 

that the sample in the study comes from an ethnically diverse, predominantly Hispanic and 

black population. Existing studies have shown that in the general population, as dementia 

progresses, individuals are more likely to be in nursing homes, and often spend down to 

Medicaid. However, in this study, Medicaid enrollment was higher in individuals with mild 

dementia. Hispanic caregivers have historically been less likely than non-Hispanic caregivers 

to place their loved one in nursing homes. A recent study reported nursing home admission 

among non-Hispanic blacks and Hispanics is far lower than non-Hispanic whites, 

particularly after health and socioeconomic characteristics taken into account.50 Another 

study also showed that when they do, Hispanic and black minorities are more likely to be 

placed in nursing homes of poorer quality.51 It is possible that the differences in Medicaid 

eligibility by dementia severity that we observed in the cohort may reflect some of these 

differences. Caring for minority elders is an important policy concern. Future studies will 

examine Medicaid use and nursing home placement in this cohort. The analysis data also 

included individuals who had Medicare coverage for the majority of months during each 

year of the study. Caution should be exercised in generalizing results from this study to other 

populations such as Medicare population as a whole, or the Medicare FFS population.

Second, the costs reported in this study only reflect Medicare costs and do not reflect the 

overall societal costs associated with dementia, including costs associated with informal 

caregiving, long term care costs which are not covered by Medicare, out-of-pocket costs, 

which also exert tremendous burden on the society, and could be differently affected by the 

potential interaction between severity and comorbidity. It should be noted that the 

relationship between Medicare costs and dementia severity and comorbidities are 

associations, not causations. Using total Medicare care cost as an outcome measure, it is 

difficult to separately identify healthcare use for dementia or for other comorbidities. A 

recent study showed that while non-dementia related healthcare use and costs were increased 

with levels of comorbidities, dementia related healthcare use and costs were similar across 

all levels of comorbidities.19 In future studies, closer examination into the drivers of 

different types of cost are much needed.
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Third, while accurate in-person clinical assessments were used to identify dementia and 

assess dementia severity in our study, presence of other conditions was obtained from 

Medicare claims and was not validated via clinical examinations. Mis-diagnosis or mis-

coding of diagnoses, particularly in the presence of dementia, cannot be ruled out. However, 

while prevalence rates between studies are expected to vary because of heterogeneity of 

study settings, differences in the methods that conditions were ascertained, and differences 

in the demographic characteristics of the samples, our estimates of prevalence of 

comorbidities are in general comparable to those reported in the literature. Such errors in 

measurement in the level of comorbidities will likely lead to under-estimation of their effects 

on costs, and our estimates of their effects may be conservative. Lastly, we used one method 

for quantifying the burden of multimorbidity. While the Elixhauser is widely used measure 

of comorbidities burden52, there are other tools available. Our using a simple count of total 

number of comorbidities should be improved upon for measuring of complexity of illness to 

predict cost in future studies.

Older adults with dementia often have multiple comorbid conditions which are associated 

with a greater risk of dying, poor functional status, reduced quality of life and greater use of 

health care services and costs. By examining the role of dementia severity and individual as 

well as number of comorbidities, our work sheds light on the complex relationship between 

dementia and comorbidity and their impact on healthcare costs. It is important to realize that 

dementia-related costs will increase as dementia progresses to more severe stages even with 

no changes in comorbidities. However, as in normal aging, much of the healthcare cost in 

demented individuals is directly related to the comorbidities present. We must further 

examine how the presence of dementia influence the care individuals receive for their 

comorbidities to improve management of comorbidities. Policy makers should extend their 

focus on population of individuals with multiple comorbidities and dementia to improve care 

and reduce costs including the creation of more comprehensive programs that may be 

tailored to the complexity of care required for persons with dementia. Improving 

management of comorbidities will be increasingly important as we work to contain high 

costs of dementia care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Sample selection.

CMS = Centers for Medicare and Medicaid Services; MBSF= Medicare Beneficiary 

Summary file; FFS=Fee for Service
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Figure 2. 
Predicted Expenditures by dementia severity and comorbidity groups.

Predicted mean expenditures. Vertical bars indicate estimated standard errors.
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Table 1

Sample Characteristics at Baseline by Dementia Severity.

No dementia
CDR=0

Mild dementia
CDR=0.5/1

Moderate/Severe dementia
CDR≥2 p-value

N 1770 108 49

Age, mean (sd) 77.4 (6.7) 83.8 (7.0) 85.3 (7.1) ***

Female (%) 66.4 77.8 85.7 ***

Ethnicity (%) ***

 White non-Hispanic 32.0 11.1 14.3

 Black non-Hispanic 24.9 25.9 24.5

 Hispanic 41.9 63.0 59.2

Years of education, mean (sd) 10.4 (4.8) 6.6 (4.6) 7.1 (4.8) ***

Marital status (%) ***

 Married 31.6 20.0 25.5

 Widowed 36.1 49.5 61.7

 Never married 13.0 10.5 4.3

 Divorced/separated 19.2 20.0 8.5

Medicaid eligible (%) 34.5 61.1 49.0 ***

Number of ADL limitations, mean (sd) 0.2 (0.7) 1.1 (1.7) 4.6 (3.2) ***

 0 (%) 90.4 52.8 18.8

 1–2 (%) 7.6 30.2 10.4

 ≥3 (%) 2.0 17.0 70.8

Total EPS score, mean (sd) 0.9 (1.9) 2.6 (3.0) 6.7 (6.2) ***

 EPS=0 (%) 66.4 34.6 21.7

 EPS=1 (%) 32.0 55.1 58.7

 EPS≥2 (%) 1.6 10.3 19.6

Modified Elixhauser score, mean (sd) 1.1 (1.7) 1.7 (1.9) 2.2 (2.1) ***

 0 (%) 52.9 36.1 32.7

 1 (%) 16.9 19.4 10.2

 2 (%) 13.4 18.5 14.3

 ≥3 (%) 16.8 25.9 42.9

Years of follow up, mean (sd) 3.4 (3.2) 2.2 (2.7) 1.6 (0.9) ***

Died at end of study (%) 34.7 42.4 73.4 ***

***
p<.0.01
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