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A lzheimer disease and other dementias (ADOD) make up a 

group of devastating and expensive medical conditions. 

According to the Alzheimer’s Association, approximately 

5.3 million Medicare beneficiaries have ADOD.1 The estimated 

prevalence among fee-for-service (FFS) beneficiaries is 11%, and 

the prevalence among those with dual-eligibility status is estimated 

to be 20%.2 In 2017, Medicare and Medicaid were expected to cover 

$159 billion, or 61%, of the $259 billion in total healthcare and long-

term care payments for individuals with ADOD. The combination 

of longer lives and aging baby boomers is expected to magnify the 

ADOD epidemic.3 By 2050, the number of Medicare beneficiaries 

with ADOD is projected to nearly triple to 13.8 million,4 with the 

associated healthcare costs exceeding $1 trillion.1

Patients with ADOD have a higher prevalence of chronic condi-

tions (eg, hypertension, diabetes, chronic obstructive pulmonary 

disease [COPD]) and also higher healthcare costs than the general 

Medicare population.5-8 These higher costs can be caused by 

failure to optimally manage these chronic conditions (and other 

conditions) in patients with ADOD, leading to exacerbations or 

complications with attendant need for increased utilization of 

costly healthcare services, including emergency department visits 

and hospitalizations, and more frequent and longer transitions of 

care, including increased use of postacute services, such as skilled 

nursing facilities.

Population health management (PHM) is a technique used to 

improve the health of defined populations by identifying at-risk 

patients; deploying individualized interventions, including care 

management (CM), designed to improve adherence to evidence-

based care plans; and measuring outcomes across the population, 

including improvement in clinical status and reductions in 

preventable acute events.9 Management of patients with ADOD 

with comorbid conditions via these programs is more complex than 

management of patients with similar conditions without ADOD. First, 

identification of the at-risk population with ADOD through claims 

data is challenging because ADOD are generally not the primary or 

even secondary diagnosis listed. Second, PHM interventions are 

usually focused on engaging directly with patients and activating 
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ABSTRACT

OBJECTIVES: To use the CMS 5% data sample to explore 
the impact of Alzheimer disease and other dementias 
(ADOD) on individual and population costs of certain 
potentially modifiable comorbid conditions, in order to 
assist in the design of population health management (PHM) 
programs for individuals with ADOD.

STUDY DESIGN: A cross-sectional retrospective analysis 
was performed on parts A and B claims data of 1,056,741 
Medicare beneficiaries 65 years and older with service dates 
in 2010.

METHODS: The primary analysis compared the prevalence 
and costs of 15 comorbid conditions among those with and 
without ADOD in the entire sample of 1,056,741; in addition, 
a subset of beneficiaries without ADOD were matched by 
age, sex, and race on a 1:1 basis to beneficiaries with ADOD. 
Prevalence and cost ratios were calculated to examine the 
impact of potentially modifiable study comorbid conditions in 
both populations. 

RESULTS: The prevalence of ADOD in the entire sample 
was 9.4%, and their costs represented 22.8% of the total. In 
the matched sample, all 15 comorbid conditions chosen for 
the study were more prevalent and showed higher mean 
individual costs in beneficiaries with ADOD compared with 
those without. The ADOD population also had higher costs 
and prevalence than the non-ADOD population when single 
comorbid conditions were examined separately. Study 
conditions with the highest individual cost ratios were 
urinary tract infections (UTIs), diabetes with complications, 
and fractures. Study conditions with the highest 
population cost ratios were fractures, UTIs, and diabetes 
without complications.

CONCLUSIONS: Prevalence and costs of all study 
comorbidities were higher in beneficiaries with ADOD 
compared with those without. Individual cost ratios and 
population cost ratios may be useful for PHM programs 
trying to cost-effectively manage individuals with ADOD and 
comorbid chronic conditions.
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them to increase care plan adherence. Because 

of their dementia, patients with ADOD may not 

be able to follow their prescribed care plans or 

report their symptoms accurately. They often 

must rely on informal or formal caregivers 

not generally targeted by PHM programs to 

coordinate their medical care.10

The objective of this study was to use the 

CMS 5% data sample to explore the impact of 

ADOD on individual and population costs of 

certain comorbid conditions that are potentially 

modifiable by CM and other management 

strategies in order to assist in the design of PHM programs for 

individuals with ADOD.11,12 It was hypothesized that the inability 

of individuals with ADOD to manage the modifiable comorbid 

conditions examined in this study would have a significant impact 

on their healthcare costs. Prior studies examining the differences 

in cost between patients with and without ADOD used matching 

based on the presence of comorbid conditions, removing any cost 

differential caused by the inability to manage from independent 

consideration. For this reason, our study was designed to match 

beneficiaries based only on age, sex, and race so as to reveal the 

full impact of ADOD on the costs of the modifiable comorbid 

study conditions.

This study aims to help PHM stakeholders gain insights into the 

unique challenges of managing the healthcare costs of individuals 

with ADOD at a population level and at an individual level. We believe 

that the results provide stakeholders in PHM with a framework for 

allocating resources and interventions, including CM, where they 

would have the greatest impact on cost, population health, and the 

patient experience.

METHODS
Total Population

A cross-sectional retrospective analysis was performed on parts A 

and B claims data from a 5% CMS sample of 1,056,741 FFS Medicare 

beneficiaries 65 years and older with service dates in 2010. This data 

set included individual files for place of service (outpatient, skilled 

nursing facility, inpatient, home health, and hospice) and eligibility 

data (age, sex, and race). Part D (drug) claims data are not included 

in this data sample; thus, drug costs are not part of this analysis.

Population Selection Criteria

Consistent with methodologies13 used in prior ADOD cost and 

utilization studies,7 individuals with ADOD were selected based on 

having at least 1 instance of an ADOD diagnostic code (International 

Classification of Diseases, Ninth Revision [ICD-9] codes 290, 294, 

and 331). All 10 diagnostic fields available in the CMS claims data 

set were examined for the presence of an ADOD diagnostic code. 

The 2 populations of interest were beneficiaries with at least  

1 diagnosis of ADOD and beneficiaries with no diagnosis of ADOD, 

designated the non-ADOD population in this paper. The data were 

stratified by the presence or absence of 1 or more of the modifiable 

comorbid conditions.

Modifiable Comorbidities

Fifteen modifiable comorbid diagnostic groups based on Agency 

for Healthcare Research and Quality Clinical Classifications 

Software (CCS) groupings14 were selected by the authors (P.S., T.W., 

and C.S.), each of whom has a different skill set related to PHM 

(MD/MBA, PhD [epidemiology], and the former CEO of a disease 

management company, respectively). T.W. provided P.S. with a list 

of all CCS diagnostic groups; P.S. selected disease groups based on 

the estimated cost and prevalence of the condition in the study 

population from prior literature and a professional assessment of 

the modifiability (ie, prevention, reduction of complications, or 

avoidance of acute incidents) of the clinical course by employing 

PHM interventions.

As is typical in the selection of chronic conditions to manage 

in PHM programs, the study conditions chosen are potentially 

modifiable via the application of PHM interventions (including CM), 

thus providing an opportunity for significant cost savings. Mental 

health conditions, such as depression, that may be amenable to 

PHM were not included because they can be challenging and costly 

to definitively diagnose in the presence of dementia.15

The 15 study comorbid conditions, followed by the CCS codes in 

parentheses, were asthma (128), congestive heart failure (CHF) (108), 

chronic renal failure (158), COPD (127), diabetes with complications 

(50), diabetes (diabetes without complications) (49), fractures 

(225-239), influenza (123), myocardial infarction/coronary artery 

disease (100-101), osteoporosis (206), pneumonia (122), stroke 

(109), syncope (245), ulcer/gastritis (139-140), and urinary tract 

infection (UTI) (159).

Costs

Cost differences were calculated between ADOD and non-ADOD 

groups, both overall and by each modifiable comorbid condition. 

Costs were reported as they existed in the claims data sets; no 

adjustment was made for inflation to current rates. It should be 

noted that costs reflect actual parts A and B payments made by 

CMS on behalf of the Medicare program for all covered services 

TAKEAWAY POINTS

Alzheimer disease and other dementias (ADOD) have a substantial impact on the prevalence 
and costs of certain comorbid conditions that may be modifiable by care management.

 › In the Medicare 5% sample, 9.4% of individuals had at least 1 claim for ADOD and were 
linked to 22.8% of total costs.

 › After 1:1 matching on age, sex, and race, patients with ADOD represented 50% of the sample 
but 70% of the costs.

 › Among those with ADOD, prevalence and costs were higher for all 15 study comorbid conditions.

 › Understanding the impact and underlying causes of comorbidities in those with ADOD should 
help stakeholders prioritize care management efforts.
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in 2010 and do not include co-payments, deductibles, and other 

out-of-pocket expenses paid by beneficiaries.

Analytic Methods

Demographic and comorbid condition analyses were performed on 

the entire population of 1,056,741 beneficiaries to compare age, sex, 

race, and costs between individuals with and without ADOD. The 

percentage of total costs and percentage of total individuals were 

evaluated overall and within each comorbid condition population.

Because the unmatched populations of patients with and without 

ADOD in the 5% sample differed significantly in terms of age, sex, 

and race distributions, the 2 populations were matched on a 1:1 basis 

using propensity score matching16 for these 3 variables using SAS 

version 9.3 (SAS Institute Inc; Cary, North Carolina). To facilitate 

the exploration of the impact of ADOD on the costs of the study 

comorbidities, the populations were purposefully not matched 

on the study comorbid conditions.

The following metrics were calculated in the ADOD and matched 

non-ADOD populations.

Prevalence ratio. A prevalence ratio (PR) was calculated for each 

modifiable study comorbid condition as represented by the diagnoses 

listed in the claims data by dividing the number of individuals with 

ADOD (numerator) by the number of individuals without an ADOD 

claim (denominator):

PR =
n ADOD

n non-ADOD

A PR of greater than 1 indicated that the ADOD population had a 

higher prevalence of the comorbid condition than the non-ADOD 

population. A ranking of PRs from highest (rank = 1) to lowest was 

assigned to each study comorbid condition.

Individual cost ratio. An individual cost ratio (ICR) was deter-

mined for each of the 15 modifiable study comorbid conditions by 

looking at the mean costs of individuals who had only 1, and no 

other, study comorbidity as represented by the diagnoses listed 

in the claims data (but they may have had other comorbidities not 

studied). The ratio was calculated by determining the difference 

in cost between the mean cost of beneficiaries with ADOD with a 

single study comorbidity (mean cost ADOD with 1 comorbid condi-

tion) and the mean cost of beneficiaries without ADOD with the 

same single comorbidity (mean cost non-ADOD with 1 comorbid 

condition). These differences in costs between the 2 populations 

were calculated for each of the 15 subpopulations with each single 

study comorbid condition. A simple mean of the individual differ-

ences was calculated (the simple mean effectively weighing each 

study comorbid condition equally) and used as the denominator 

in the equation:

ICR =

Mean cost ADOD with 1 study comorbid condition 
 – Mean cost non-ADOD with 1 study comorbid condition

Simple mean of the individual differences

The result was labeled the ICR, as it compares the mean cost 

per patient of those with and without ADOD and with a single 

study comorbid condition. The ICRs were ranked from highest  

(rank = 1) to lowest per study comorbidity if sufficient sample size 

was evident.

Population cost ratio. A population cost ratio (PCR) was deter-

mined for each modifiable study comorbid condition population 

by multiplying the ICR by the number of patients with ADOD with 

the specific comorbid condition from the prevalence table and 

dividing by 10,000 to scale the PCR values into a comparable range 

with other ratios:

PCR =
ICR × n ADOD with 1 comorbidity

10,000

A ranking of PCRs from highest (rank = 1) to lowest was assigned 

to each modifiable study comorbid condition.

RESULTS
Total (unmatched) Population Findings

The identification of patients with ADOD depended on the exami-

nation of all diagnostic fields that were available in the CMS data 

(eAppendix Table [available at ajmc.com]). For example, only 35% 

of individuals with ADOD would have been identified if just the 

first field had been examined. Inclusion of the first 4 fields was 

required to identify 80% of the cases, and all 10 fields were required 

to identify all 99,483 patients.

Table 1 highlights that the ADOD population was more likely 

to be female than the overall population. The age distribution of 

the ADOD population was strikingly different from the non-ADOD 

population, with 47% of the ADOD population older than 85 years 

compared with 15% of the non-ADOD population. Whites and Asians 

were more likely to be part of the non-ADOD population, whereas 

blacks and Hispanics were more common in the ADOD population. 

The non-ADOD and ADOD populations were statistically different 

by age, sex, and race (all P <.0001) in the unmatched populations.

Table 2 shows that the overall prevalence of ADOD was 9.4%. 

Individuals with ADOD accounted for 22.8% of the total costs. This 

table also details the breakdown of ADOD for subpopulations that 

correspond to each study comorbid population that have at least 

1 named comorbid condition (but they could have more than 1). The 

table shows, for example, that 24.1% of the total population had 

a claim for both UTI and ADOD, accounting for 36.0% of the total 

cost of those with UTI. In addition, 28.3% of the total population 

had claims for stroke and ADOD, accounting for 35.7% of costs, and 

22.5% had ADOD and syncope and accounted for 33.7% of costs. 

Matched Population Findings

After matching the 2 groups for age, race, and gender, both had 

99,483 members and the age (P >.9999), sex (P = .9048), and race 

(P >.9999) differences seen in the overall sample were no longer 

statistically significant (Table 1). Mean costs for the matched ADOD 

population ($17,377) were 2.29 times higher than costs for the 

non-ADOD population ($7580), or a difference of $9797 per person.
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Table 3 shows results in the matched samples. Individuals with 

ADOD had PRs greater than 1 in all 15 modifiable study comorbid 

conditions. The highest PRs (3.0) were found for ulcer/gastritis, UTI, 

and pneumonia. CHF and chronic renal failure had the lowest PR 

rankings at 2.0 and 1.7, respectively. Table 3 also shows that only 19% 

of the ADOD population had none of the selected study comorbid 

conditions compared with 36% of the non-ADOD population.

Table 4 shows the characteristics of the subpopulations with a 

single study comorbidity. In this table, the percentage of individuals 

in the matched populations who have only the study comorbidity 

is compared with the percentage of those who have at least the 

study comorbidity. Compared with the non-ADOD population, the 

ADOD population showed a lower and more uniform percentage 

of people who had at least the study comorbidity.

Table 5 summarizes the mean costs of individuals for each of 

the selected study comorbidities in the matched sample. The mean 

costs of individuals with ADOD were consistently higher than 

the mean costs of those without ADOD for each study comorbid 

condition. The single comorbidity with the highest ICR, at 1.5, was 

UTI. Individuals with ADOD and only UTI had $8503 higher mean 

costs than individuals with only UTI in the non-ADOD population. 

Diabetes with complications was ranked second, with an ICR of 

1.4. It showed $8092 higher mean costs in the ADOD population 

compared with those in individuals without ADOD and with the 

same single study comorbidity. Fractures, ulcer/gastritis, diabetes 

without complications, and asthma as single comorbidities all had 

ICRs greater than 1.0. Influenza had the lowest ICR (0.5), but the 

sample size was too small to come to any meaningful conclusion.

Table 5 also summarizes the PCRs for the matched sample. The 

study comorbid condition with the highest PCR was fractures (5.7), 

which was followed closely by UTI (5.6) and thereafter diabetes without 

complications (2.4), CHF (1.4), osteoporosis (1.3), and COPD (1.1).

DISCUSSION
A total 9.4% of individuals in the entire sample (n = 1,056,741) had 

at least 1 ADOD-related claim, and they accounted for 22.8% of total 

healthcare costs. The mean annual individual costs in the total 

sample were $11,245 higher for individuals with ADOD ($17,377) 

than for those without ($6132). Extrapolating this incremental per 

person cost to the 5.3 million Medicare beneficiaries with ADOD 

TABLE 1. Demographics in Total and Matched Sample

Parameter

Total Sample   Matched Sample

Non-ADOD ADOD

χ2 P

Non-ADOD ADOD

χ2 Pn = 957,258 n = 99,483 n = 99,483 n = 99,483

Sex    

<.0001

   

.9048
Female 59.8% 66.7% 66.7% 66.7%

Male 40.2% 33.3% 33.3% 33.3%

Unknown 0.0% 0.0% 0.0% 0.0%

Race    

<.0001  

   

>.9999

Asian 1.5% 1.3% 1.3% 1.3%

Black 7.6% 10.0% 10.0% 10.0%

Hispanic 1.6% 2.5% 2.5% 2.5%

North American Native 0.5% 0.4% 0.4% 0.4%

Other 1.6% 0.9% 0.9% 0.9%

Unknown 0.3% 0.2% 0.2% 0.2%

White 87.0% 84.7% 84.7% 84.7%

Age, years    

<.0001  

   

>.9999

65-69 27.5% 5.4% 5.4% 5.4%

70-74 23.3% 8.9% 8.9% 8.9%

75-79 19.0% 15.2% 15.2% 15.2%

80-84 15.4% 23.2% 23.2% 23.2%

≥85 14.8% 47.4% 47.4% 47.4%

Costs

<.0001 <.0001
Mean $6132 $17,377 $7580 $17,377

Median $905 $10,817 $1393 $10,817

Total $5,869,960,657 $1,728,748,446 $754,115,387 $1,728,748,446

% of total costs 77.2% 22.8%
N/A  

30.4% 69.6%
N/A

% of N 90.6% 9.4% 50.0% 50.0%

ADOD indicates Alzheimer disease and other dementias; N/A, not applicable.

CONTINUED ON PAGE e350 »
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TABLE 2. Costs of Total Population and ADOD Population in Total Sample for Each Study Comorbid Condition

Study Comorbidity

Total Population ADOD Population % of N With 
ADOD

Rank by % 
of N

% Costs 
ADOD

Rank by % 
Costs n Total Cost  n Total Cost

Asthma 41,208 $506,612,401 3992 $87,446,016 9.7% 14 17.3% 14

CHF 112,816 $2,185,045,093 21,462 $528,729,627 19.0% 5 24.2% 8

Chronic renal failure 77,694 $1,440,248,631 11,518 $294,868,179 14.8% 9 20.5% 12

COPD 128,193 $1,810,816,063 17,586 $400,863,274 13.7% 10 22.1% 9

Diabetes, complicated 68,873 $1,058,109,031 8794 $231,569,638 12.8% 11 21.9% 10

Diabetes, uncomplicated 243,223 $2,525,000,929 25,810 $538,785,184 10.6% 13 21.3% 11

Fractures 200,575 $3,044,945,029 33,540 $783,876,022 16.7% 6 25.7% 6

Influenza 866 $11,500,909 137 $2,930,834 15.8% 7 25.5% 7

MI/CAD 81,334 $1,121,226,521 7568 $172,436,725 9.3% 15 15.4% 15

Osteoporosis 83,314 $852,288,299 12,412 $246,581,102 14.9% 8 28.9% 4

Pneumonia 54,470 $1,176,650,187 12,239 $324,285,610 22.5% 4 27.6% 5

Stroke 31,328 $615,103,469 8854 $219,373,172 28.3% 1 35.7% 2

Syncope 32,208 $422,374,165 7244 $142,496,277 22.5% 3 33.7% 3

Ulcer/gastritis 36,491 $422,423,984 3969 $85,748,072 10.9% 12 20.3% 13

UTI 128,329 $1,985,084,705 30,989 $713,840,605 24.1% 2 36.0% 1

Total per groupa 1,056,741 $7,598,709,103 99,483 $1,728,748,446 9.4%   22.8%  

ADOD indicates Alzheimer disease and other dementias; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MI/CAD; myocardial infarc-
tion/coronary artery disease; UTI, urinary tract infection.
aThe columns do not add up to the total per group due to some individuals with more than 1 study comorbid condition.

TABLE 3. Prevalence of Study Comorbid Conditions in ADOD Population and Matched Non-ADOD Sample

Study Comorbidity

Non-ADOD ADOD

PR Rank PRn Prevalence n Prevalence

Asthma 817 1% 2067 2% 2.5 10

CHF 6867 7% 13,971 14% 2.0 14

Chronic renal failure 3711 4% 6293 6% 1.7 15

COPD 4653 5% 11,961 12% 2.6 9

Diabetes, complicated 837 1% 2102 2% 2.5 11

Diabetes, uncomplicated 8420 8% 22,683 23% 2.7 6

Fractures 16,411 16% 43,568 44% 2.7 7

Influenza 16 0% 33 0% 2.1 13

MI/CAD 1942 2% 5068 5% 2.6 8

Osteoporosis 5910 6% 13,064 13% 2.2 12

Pneumonia 2099 2% 6212 6% 3.0 3

Stroke 3165 3% 8979 9% 2.8 5

Syncope 2118 2% 6196 6% 2.9 4

Ulcer/gastritis 1053 1% 3199 3% 3.0 1

UTI 12,463 13% 36,946 37% 3.0 2

None of the above 35,610 36% 18,774 19% 0.5  

Total per groupa 99,483   99,483      

ADOD indicates Alzheimer disease and other dementias; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MI/CAD; myocardial infarc-
tion/coronary artery disease; PR, prevalence ratio; UTI, urinary tract infection.
aThe columns do not add up to the total per group due to some individuals with more than 1 comorbidity.
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TABLE 4. Characteristics of the Subpopulations With a Single Study Comorbidity

 
 Study Comorbidity

Non-ADOD ADOD

Patients With Only 1 
Study Comorbidity

Total With at Least This 
Study Comorbidity %

Patients With Only 1 
Study Comorbidity

Total With at Least This 
Study Comorbidity %

Asthma 596 817 72.9 291 2067 14.1

CHF 2054 6867 29.9 1713 13,971 12.3

Chronic renal failure 1304 3711 35.1 766 6293 12.2

COPD 2426 4653 52.1 1646 11,961 13.8

Diabetes, complicated 604 837 72.2 368 2102 17.5

Diabetes, uncomplicated 6049 8420 71.8 3145 22,683 13.9

Fractures 5653 16,411 34.4 5547 43,568 12.7

Influenzaa 12 16 75.0 9 33 27.3

MI/CAD 1667 1942 85.8 660 5068 13.0

Osteoporosis 2862 5910 48.4 1739 13,064 13.3

Pneumonia 549 2099 26.2 894 6212 14.4

Stroke 765 3165 24.2 1228 8979 13.7

Syncope 661 2118 31.2 969 6196 15.6

Ulcer/gastritis 754 1053 71.6 416 3199 13.0

UTI 2893 12,463 23.2 4237 36,946 11.5

ADOD indicates Alzheimer disease and other dementias; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MI/CAD; myocardial infarc-
tion/coronary artery disease; UTI, urinary tract infection.
aThe n is too small for legitimate comparisons.

TABLE 5. Individual and Population Cost Ratios and Rankings

Study Comorbidity

Individual Costs for Those With Only the Selected Study Comorbidity

 

PCR

Non-ADOD ADOD Cost 
Difference ICR

Rank 
ICR

Prevalence 
ADOD PCR

Rank 
PCRn (%)a Mean Cost n (%)a Mean Cost

Asthma 596 (72.9) $3927 291 (14.1) $9500 $5573 1.0 6 2067 0.2 14

CHF 2054 (29.9) $8645 1713 (12.3) $14,106 $5461 1.0 7 13,971 1.4 4

Chronic renal failure 1304 (35.1) $6727 766 (12.2) $11,763 $5037 0.9 11 6293 0.6 9

COPD 2426 (52.1) $5660 1646 (13.8) $10,773 $5113 0.9 10 11,961 1.1 6

Diabetes, complicated 604 (72.2) $3973 368 (17.5) $12,066 $8092 1.4 2 2102 0.3 13

Diabetes, uncomplicated 6049 (71.8) $2753 3145 (13.9) $8581 $5828 1.0 5 22,683 2.4 3

Fractures 5653 (34.4) $5895 5547 (12.7) $13,155 $7260 1.3 3 43,568 5.7 1

Influenzab 12 (75.0) $2595 9 (27.3) $5333 $2738 0.5 15 33 0.0 15

MI/CAD 1667 (85.8) $5272 660 (13.0) $9728 $4456 0.8 12 5068 0.4 11

Osteoporosis 2862 (48.4) $3135 1739 (13.3) $8576 $5442 1.0 8 13,064 1.3 5

Pneumonia 549 (26.2) $10,582 894 (14.4) $15,856 $5274 0.9 9 6212 0.6 8

Stroke 765 (24.2) $10,111 1228 (13.7) $14,271 $4160 0.7 14 8979 0.7 7

Syncope 661 (31.2) $4439 969 (15.6) $8646 $4206 0.8 13 6196 0.5 10

Ulcer/gastritis 754 (71.6) $4294 416 (13.0) $11,087 $6793 1.2 4 3199 0.4 12

UTI 2893 (23.2) $4678 4237 (11.5) $13,181 $8503 1.5 1 36,946 5.6 2

Mean N/A N/A N/A N/A $5596 1.0 N/A

Total per group 99,483   99,483           99,483c    

ADOD indicates Alzheimer disease and other dementias; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ICR, individual cost ratio; 
MI/CAD; myocardial infarction/coronary artery disease; N/A, not applicable; PCR, population cost ratio; UTI, urinary tract infection.
aThe n refers to the number of people with the single comorbid condition; the % refers to the percentage of those with the single comorbid condition divided by the 
number of people in the population with that comorbidity (from Table 3).
bThe n is too small for legitimate comparisons.
cThe columns do not add up to the total per group due to some individuals with more than 1 comorbidity.
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suggests that Medicare spends approximately $60 billion more every 

year (in 2010 dollars) to pay for the higher healthcare care needs of 

individuals with ADOD compared with those without ADOD. Other 

literature suggests that adjusting for differences between Medicare 

FFS and Medicare Advantage populations17 would not significantly 

change this estimate.

Because there were significant differences in the distribution of sex, 

race, and age between the ADOD and non-ADOD groups in the total 

population, we used propensity score matching, a quasi-experimental 

methodology frequently applied to adjust for confounding effects 

in observational studies,18 to create a non-ADOD subpopulation that 

was controlled for these parameters. This resulted in 2 equal-sized 

groups (n = 99,483) that were well matched for sex (χ2 P = .9048), race 

(P >.9999), and age (P >.9999). We purposely did not match for any 

comorbid conditions, including the 15 that were the subject of this 

paper, because we wanted to observe the impact of ADOD on the costs 

of care for those conditions. After matching, 50% of the matched 

group were classified as having ADOD and 50% as not having ADOD 

(by design), yet 70% of the overall cost of care was attributed to the 

ADOD sample. These differences cannot be due to age, gender, or race.

In order to determine the cost impact of ADOD on each of the 

15 study comorbidities and provide population health managers 

with insights that could help them prioritize individual and 

population-based interventions, we calculated comorbid condition 

ICRs and PCRs. We did this by isolating costs among individuals 

who had only 1 of the selected study comorbidities (although they 

may have had comorbidities other than the 15 study conditions).

The analysis of the matched population shows that all 15 modifiable 

comorbid conditions had PRs greater than 1.0 and mean individual 

costs that were higher for those with ADOD compared with those 

without. These findings demonstrate that patients with ADOD have 

both a higher prevalence of certain chronic comorbid conditions 

and a higher mean per-person cost for those illnesses.

When managing individuals with ADOD, the ICR suggests that a 

focus on UTIs, severe diabetes with complications, and prevention 

of fractures is likely to have the biggest impact on costs. However, 

when organizations are deploying PHM to optimize management 

of ADOD, they should consider using insights from the PCR calcula-

tions to prioritize interventions that minimize fractures, UTIs, and 

diabetes without complications, in that order.

The fact that both UTIs and fractures are in the top 3 study 

comorbid conditions for managing individual and/or population 

costs highlights that preventing or mitigating acute incidents 

related to these 2 conditions is likely to be cost-effective. The high 

individual costs of diabetes with complications and the population 

costs of diabetes without complications underscore the importance 

of managing diabetes.

The results of this study suggest that efforts to reduce the costs 

of managing individuals with ADOD require not only management 

of the neurologic disorder but also more effective management 

of certain costly comorbid conditions. However, it is clear that a 

deeper understanding of how ADOD impacts, and likely exacerbates, 

those conditions—as well as more clarity on the best approaches 

to preventing or managing them in the face of ADOD—is needed in 

order to guide payers, providers, and caregivers (both formal and 

informal) as they develop and deploy their CM solutions. 

Finally, an important finding in this study was that the prevalence 

and incremental costs of ADOD would have been significantly 

underreported if only the first of the 10 diagnostic fields were used 

in claims analysis. Failure to accurately identify all individuals with 

ADOD could lead to a significant missed opportunity to effectively 

identify and manage this costly patient population.

Limitations

This study relied on medical claims data only. Inherent problems 

with claims occur because claims are designed to capture data for 

billing purposes, not medical management. In addition, the 5% 

sample did not include any pharmacy data (Part D).

The method used to calculate ICRs could be limited for 2 reasons. 

First, it ignores the potential additive or multiplicative effect of 

each single study comorbidity in the presence of another single 

study comorbidity. However, higher costs in ADOD are seen in each 

subpopulation with each single study comorbid condition. Thus, 

considering a second study comorbid condition would logically 

tend to show costs greater than the costs of the subpopulation 

with a single study comorbid condition. This is easily illustrated 

by calculating the mean cost per person identified by a study 

comorbidity in Table 2 to the same in Table 5; for example, in line 

1 of Table 2 the mean cost in the asthma subpopulation can be 

calculated at $21,905 ($87,446,016 / 3992), whereas the mean costs 

in Table 5 for those with the single comorbid condition of asthma 

are listed at $9500; similar findings are found for all comorbid 

conditions. Thus, considering other comorbidities would obviously 

tend to raise, not lower, costs in each subpopulation considered. 

Second, the calculation method includes the costs associated 

with comorbidities that were not included in this study, and these 

nonstudy comorbidities would logically tend to increase costs. As 

mentioned above, the 15 study comorbid conditions captured 81% 

of the ADOD population; therefore, 19% of our ADOD population 

had none of the study comorbid conditions we selected. This 

is compared with 36% of the non-ADOD population. Thus, the 

non-ADOD population tends to have more nonstudy comorbid 

conditions than the ADOD population; we do not know for sure the 

impact on cost. Further research into the impact of other comorbid 

conditions is certainly warranted.

Although the very nonrestrictive definition of ADOD using ICD-9 

codes might appear to be a limitation, it would actually lead to “bias 

toward the null” for 2 reasons: (1) individuals with ADOD but not 

classified as such would be in the non-ADOD group, on the mean, 

raising their costs; and (2) individuals without ADOD from a clinical 

point of view but misclassified as having ADOD, presumably because 

they had an ADOD diagnostic code in any of the 10 diagnostic fields, 

would tend to lower the costs of the ADOD group. Thus, the results 
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would likely have been more dramatic if any of these individuals 

were correctly classified from a clinical point of view.

Finally, it is important to note that the purpose of this paper was 

not to develop CM or population health strategies for patients with 

multiple chronic conditions, nor was it to discuss how multiple 

comorbidities interact, although these are certainly important 

issues. Rather, it was to illustrate that not only do beneficiaries 

with ADOD have a higher prevalence of the study comorbidities, 

but that ADOD also has a significant effect on the cost of select 

comorbidities. A primary goal was to provide information about the 

characteristics and costs of a population of Medicare beneficiaries 

that may help guide care managers and population health managers 

as they prioritize their efforts.

CONCLUSIONS
ADOD have a substantial impact on the prevalence and costs of certain 

comorbid conditions that may be modifiable by care management. 

In the Medicare sample, 9.4% of individuals with at least 1 claim for 

ADOD were linked to 22.8% of total costs; after 1:1 matching on age, 

sex, and race, patients with ADOD represented 50% of the sample and 

70% of the costs. Among those with ADOD, prevalence and costs were 

higher for all of the 15 study comorbid conditions. Understanding 

the impact and underlying causes of comorbidities in those with 

ADOD can help stakeholders prioritize care management efforts. n
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eAppendix Table. Percentage With ADOD Found in Total Sample (N = 99,483) 

Diagnostic 
Position on 

Claim 
Form 

% Cumulative 
% 

1 35.4 35.4 
2 19.6 55.0 
3 14.6 69.7 
4 10.4 80.0 
5 7.4 87.4 
6 5.2 92.6 
7 3.1 95.7 
8 2.4 98.1 
9 1.8 99.9 
10 0.1 100.0 

 

ADOD indicates Alzheimer disease and other dementias. 
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