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Abstract

Background: Understanding factors associated with treatment intensity may help ensure higher value healthcare.
Objective: To investigate factors associated with Medicare costs among prospectively identified, seriously ill
older adults and examine if baseline prognosis influences the impact of these factors.
Design/Subjects: Prospective observation of Health and Retirement Study cohort with linked Medicare claims.
Measurements: We identified people with incident serious illness (a serious medical condition, for example,
metastatic cancer or functional impairment); calculated subjects’ one-year mortality risk; and then followed
them for one year. We examined relationships between individual and regional characteristics and total
Medicare costs, and then stratified analyses by one-year mortality risk: low, moderate, and high.
Results: From 2002 to 2012, 5208 subjects had incident serious illness: mean age 78 years, 60% women,
76% non-Hispanic white, and 39% hospitalized in the past year. During one-year follow-up, 12% died. Total
Medicare costs averaged $20,607. In multivariable analyses, indicators of poor health (e.g., cancer, advanced
heart and lung disease, multimorbidity, functional impairment, and others) were significantly associated with
higher costs ( p < 0.05). However, among those with high mortality risk, health-related variables were not
significant. Instead, African American race (rate ratio [RR] 1.56) and moderate-to-high spending regions (RR
1.31 and 1.54, respectively) were significantly associated with higher costs. For this high-risk population,
residence in high-spending regions was associated with $31,476 greater costs among African Americans, and
$11,162 among other racial groups, holding health constant.
Conclusions: Among seriously ill older adults, indicators of poor health are associated with higher costs. Yet,
among those with poorest prognoses, nonmedical characteristics—race and regional practice patterns—have
greater influence on treatment. This suggests there may be novel opportunities to improve care quality and value
by assuring patient-centered, goal-directed care.
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Introduction

By 2040, it is projected that 1 out of every 3 dollars
spent in the United States will be spent on healthcare.1

Healthcare reform debates have highlighted concentrated
healthcare costs among a small proportion of the population
and considered policy proposals to identify this ‘‘high-cost’’
group and reduce their costs.2 While this discussion of the
high-cost population in the United States has often focused on
the population at the end of life, among adults with the
highest healthcare costs, only 11% are in their last year of

life.3,4 Yet, most research has used decedent samples to study
healthcare costs and treatment intensity for the seriously ill.

Evidence from decedent studies is difficult to interpret and
apply to patient care for three reasons. First, retrospective
studies of decedents are subject to potential bias because the
researcher does not observe those who survived despite high
risk of death, although the empirical importance of such
biases has been questioned.5–14 Second, it is problematic to
use analyses of decedents to develop policy or clinical in-
terventions, given the prognostic uncertainty associated with
serious illness in real clinical settings. Finally, findings from
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studies limited to decedents and interventions targeting
those at the end of life can only offer modest improve-
ments in care value due to the comparatively small size of
the end-of-life population and the limited time frame for
intervention.3,15

Palliative care, specialized medical care focused on pro-
viding relief from the symptoms and stress of a serious
illness, is appropriate at any stage of illness regardless of
prognosis. In select patient groups, palliative care interven-
tions have been shown to improve quality of life, manage
symptoms, improve communication, support patients and
families, and lower costs.16–21 Not all patients need all as-
pects of specialist-level palliative care services and many
patients who could benefit receive no palliative care services
at all. Efficiently targeting resources to those who need and
will benefit from them most is a critical step in providing
appropriate, value-driven, and patient-centered care to the
seriously ill population.

Using a nationally representative, longitudinal cohort, this
study sought to investigate factors associated with treatment
intensity (i.e., Medicare costs, and hospital and intensive care
unit [ICU] admissions) among prospectively identified, se-
riously ill older adults, and to assess whether baseline prog-
nosis may influence these factors’ impact on treatment. Our
conceptual framework22 postulates that patient determinants
include (1) factors related to medical need, such as medical
conditions and functional status, and (2) nonclinical factors,
including socioeconomic status, social supports, and other
characteristics rarely measured in clinical settings.7,8,10,23–28

As well, we hypothesized that regional factors (i.e., resource
supply, local practice patterns), which are sometimes associ-
ated with lower quality or treatment inconsistent with patient
preferences,29–39 also affect treatment intensity.31–34,38–41

By illuminating the potential influence of nonclinical
factors—those things not representing medical need—these
results will help identify people at greatest risk for high
treatment intensity, which for some may also be associated
with lower quality or preference-discordant care. Such
findings could reveal opportunities for clinical or edu-
cational interventions to promote person-centered goal-
directed treatment.

Methods

Data sources

The study sample is drawn from the Health and Retirement
Study (HRS). First assembled in 1992, HRS is a National
Institute on aging-funded, longitudinal, and nationally rep-
resentative cohort study of adults older than 50 years.42 Serial
‘‘Core’’ interviews are conducted every two years and re-
sponse rates have consistently exceeded 86%. A proxy,
usually spouse or adult child, may complete the interview if
the subject is unable. The HRS data include a rich array of
demographic, social, financial, insurance, health, function,
and other characteristics. Over 80% of HRS participants have
authorized linkage of their HRS data with Medicare claims.
Medicare claims and ICD9 diagnosis codes are used to
identify subjects’ medical conditions, hospital and ICU ad-
missions, and total Medicare spending. By linking subjects’
zip code to hospital referral region (HRR), we captured re-
gional healthcare spending data from the Dartmouth Atlas
of Healthcare.

Sample and enrollment

Using linked HRS-Medicare data, we prospectively iden-
tified a cohort of people with ‘‘incident serious illness,’’ de-
fined as: first observed diagnosis of one or more severe
medical conditions or new functional impairment (i.e., re-
ceiving assistance with any of six basic activities of daily
living [ADL]).43 Severe medical conditions included the
following: cancer (metastatic or hematologic), end-stage
renal disease (ESRD), dementia, advanced liver disease
or cirrhosis, diabetes with severe complications (ischemic
heart disease, peripheral vascular disease, renal disease), hip
fracture, advanced chronic obstructive pulmonary disease
(COPD) or interstitial lung disease only if using home oxygen
or hospitalized for the condition, and advanced congestive
heart failure only if hospitalized for the condition. Prior
work demonstrated that this seriously ill population has high
Medicare costs and high rate of hospitalization, yet a wide
range of prognoses, as 87% survive to the next year.43

At each HRS Core interview, beginning in 2002 and con-
tinuing through 2012, every subject with continuous Medicare
Parts A and B fee-for-service coverage over the preceding
12 months was eligible for enrollment (n = 11,577). Subjects
were followed with biennial interviews through 2012 or
death resulting in up to 35,215 episodes of eligibility. We
enrolled each subject once, at the first interview in which they
met the serious illness definition, and then followed them
for one year from that date.

Drawing on existing literature and prognostic indices, we
captured all available baseline variables that could feasibly
be assessed in a healthcare setting to calculate each subject’s
risk of one-year mortality.44–48 We constructed a multivari-
able logit model of actual one-year mortality status based on
age, sex, race/ethnicity, U.S. geographic region, marital sta-
tus, self-reported health, functional status, caregiving needs,
body mass index <25, smoking status, history of hospi-
talization, medical diagnoses, and multimorbidity. Based
on the model coefficients, we calculated for each subject a
predicted one-year mortality risk. In all analyses, the sam-
ple was considered in full and stratified by risk of one-year
mortality: low <10%, moderate 10–25%, or high >25%.
Details of the estimation are provided in Appendix 1.

Outcome measures

Subjects were followed for up to one year or until death
to assess medical treatment intensity. The primary outcome
measure of treatment intensity was total Medicare expendi-
tures, adjusted for inflation to 2012 U.S. dollars and for re-
gional pricing differences based on the Centers for Medicare
and Medicaid Services (CMS) wage index.49 Secondary
outcome measures were more than one hospitalization and
any ICU admission for up to one year or death.

Independent variables

We selected patient-level and regional variables that
could serve as empirical measures of each construct in the
conceptual model of determinants of treatment intensity.22

Patient-level variables reflecting health status included se-
vere medical conditions (described above); comorbidities,
identified using Elixhauser ICD9 criteria50 and Medicare
claims from the 12 months preceding enrollment; and HRS
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interview measures: nursing home residence, self-rated
health and functional status (i.e., need for any assistance with
six basic ADLs). Patient-level nonhealth variables collected
from the HRS interview included age, race and ethnicity, sex,
marital status, education level, net asset value, non-Medicare
insurance coverage (Medicaid, Veterans Administration,
Medigap), religiosity, and having relatives live nearby
(a proxy for social support). Regional variables included
U.S. region (Northeast, South, Midwest, West) and, drawn
from the Dartmouth Atlas, mean HRR age-sex-race-adjusted

Medicare spending (measured with standardized national
prices) for beneficiaries at the end of life,51 categorized as
areas with the lowest 25% of spending (reference), middle
50%, and areas with the highest 25% of spending patterns.

Statistical analyses and sensitivity tests

We provide descriptive statistics to report characteristics
and one-year outcomes for the full seriously ill cohort, and for
subgroups stratified by probability of low, moderate, and high

Table 1. Characteristics of Cohort with Incident Serious Illness,

Stratified by Probability of Death at One Year

Full cohort
n = 5208

Low risk of
death (<10%)

n = 3072

Moderate risk of
death (10–25%)

n = 1371

High risk of
death (>25%)

n = 765

Age, mean 78.1 75.5 80.5* 84.4*
Female, % 60.2 63.5 57.4* 52.3*
Non-Hispanic white, % 75.6 74.1 77.5* 78.2*
African American, % 15.1 15.7 14.4 14.4
Hispanic ethnicity, % 7.5 8.6 6.1* 5.1*
Married, % 46.1 52.3 39.2* 33.3*
Education, less than high school, % 35.6 33.1 38.9* 39.6*
Net asset value, mean, 2012$ 411,152.60 425,145.20 398,512.80 377,615.60
Medigap insurance, % 58.7 59.2 57.3 59.1
Medicaid, % 21.6 18.9 24.2* 27.8*
Veterans Health Administration, % 6.4 7.1 5.8 4.6*
Nursing home resident, % 13.3 3.2 19.0* 43.5*
Self-rated health, poor/fair, % 59.2 44.5 74.8* 90.5*
Dementia, % 22 17.9 24.2* 34.2*
Metastatic cancer, % 9 3.6 12.5* 24.4*
End-stage renal disease, % 11.9 11.1 10.5 17.3*
Advanced heart failure*, % 6.5 2.7 9.6* 16.2*
Advanced COPD*, % 14.9 12 18.7* 19.7*
Diabetes with end-organ complications, % 19.8 25.1 12.1* 12.5*
Advanced liver disease/cirrhosis, % 5.6 7.1 3.1* 4.2*
Hip fracture, % 3 2.5 3 5.1*
Three or more comorbidities, % 84.2 79 89.9* 95.2*
Any indicator of serious medical illness, % 75.7 74.3 74.8 83.1*
Any ADL impairment, % 45.2 33.6 54.4* 75.4*
SMI and ADL impairment, % 20.9 7.9 29.2* 58.6*
Any hospital admission in past 12 months, % 39.3 27.8 50.1* 66.3*
Resides in region with lowest 25% spending, % 15.8 16.5 14.1* 15.9
Resides in region with middle 50% spending, % 51.6 50.4 53.1 53.7
Resides in region with top 25% spending, % 32.6 33.1 32.8 30.3
Outcome measures over one year

Total Medicare costs, mean 2012$ 20,607 16,146 25,870* 29,089*
Total Medicare costs, median 7776 5615 12,498 15,716
Inpatient Medicare costs, mean 8637 6925 11,104* 11,087*
Hospital nights, mean 4.7 3.5 6.2* 6.8*
Any hospital admission, % 39.1 31.8 48.7* 51.2*
Multiple hospital admissions, % 17.8 13.8 23.3* 24.3*
Multiple Emergency Department visits, % 24 19.9 29.3* 30.8*
Any ICU days, % 17.4 14.1 22.5* 21.6*
Hospice admission, % 6.4 1.6 7.7* 23.3*
Died within one year, % 12.8 4.1 16.8* 40.7*
Died in the hospital within one year, %a 4.3 1.7 6.6* 10.8*

Advanced heart failure = heart failure diagnosis in claims, including primary diagnosis for at least one inpatient admission. Advanced
chronic obstructive lung disease = COPD diagnosis in claims, including home oxygen use and/or primary diagnosis for at least one inpatient
admission.

*A statistically significant difference ( p < = 0.05) between the higher and low probability of death groups.
aPercent died in the hospital among samples, including survivors, excluding 18 who died within one year of core interview but unknown

death location.
COPD, chronic obstructive pulmonary disease; ADL, activities of daily living; SMI, serious medical illness.
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one-year mortality. We then examined bivariate relationships
between subjects’ social, functional, medical, and regional
characteristics and total Medicare costs over one year.

Next, we performed multivariable regression analyses of
total costs (generalized linear models with gamma distribu-
tion and log link) using the full cohort and stratified by risk of
one-year mortality. Gamma coefficients were exponentiated
to transform them into rate ratio (RR) estimates. The sec-
ondary outcomes (more than one hospitalization and any ICU
admissions) were modeled using multivariable logit regres-
sion with the full cohort and then stratified by risk of one-
year mortality.

In sensitivity analyses of total costs, we examined the
effect of each health-related and nonhealth-related variable
separately using the full seriously ill cohort and again
stratified by probability of low, medium, and high one-year

mortality. The models first assessed each health-related
variable, adjusted for the nonhealth variables, and then the
opposite, each nonhealth variable, adjusted for the health
variables.

We used SAS 9.4 (SAS Institute, Cary, North Carolina)
and STATA 13 (STATA Corp., College Station, TX) for data
management and statistical analyses, respectively. The study
was approved by the Mount Sinai School of Medicine In-
stitutional Review Board, the HRS Data Confidentiality
Committee, and the CMS Privacy Board.

Results

From 2002 through 2012, 11,577 unique individuals were
eligible for enrollment and 5208 were identified with incident
serious illness: the first occurrence of a severe medical illness

Table 2. Factors Associated with Total Medicare Spending over 12 Months,

among Cohort with Incident Serious Illness, Stratified by Probability of Death

Full cohort
n = 5208

Low risk of
death (<10%)

n = 3072

Moderate risk of
death (10–25%)

n = 1371

High risk of
death (>25%)

n = 765

Rate ratios, multivariate analyses

Demographics, social, and insurance
Age 1.00 0.99 0.98* 0.98*
Female 0.87* 0.88 0.98 0.92
African American race 1.08 0.98 1.13 1.56*
Hispanic ethnicity 0.97 0.93 1.05 1.39
High school degree 0.96 0.98 0.97 0.98
Net asset value, lowest quartile 1.02 0.99 1.00 1.04
Religion, very important 1.01 0.97 1.07 1.16
Relatives nearby 0.94 0.92 0.95 0.99
Married 0.91 0.94 0.85 1.15
Nursing home resident 1.11 1.18 1.04 0.89
Medicaid 1.17* 1.21 1.02 1.38*
Veterans Health Administration 1.08 1.05 1.17 0.99
Medigap insurance 1.07 1.02 1.11 1.27*

Health characteristics
Dementia 0.91 0.97 0.89 0.88
Metastatic cancer 1.60* 1.33 1.30 1.07
End-stage renal disease 1.73* 1.89* 1.58* 1.52*
Advanced heart failure* 1.44* 1.62* 1.32* 1.10
Advanced COPD* 1.40* 1.45* 1.49* 1.11
Diabetes with end-organ complications 1.23* 1.42* 1.23 1.07
Advanced liver disease/cirrhosis 0.99 1.02 0.98 1.16
Hip fracture 1.30* 1.42 1.40 0.89
Self-rated health: poor/fair 1.38* 1.31* 1.17 0.99
ADL impairment 1.33* 1.39* 1.32* 1.06
Informal caregiving, 60+ hours/month 1.26* 1.43* 0.97 1.08
Three or more comorbidities 1.49* 1.42* 1.47* 1.12

Region
Midwest 1.02 1.10 0.85 0.93
West 0.84* 0.90 0.72* 0.72
South 1.05 1.10 1.06 0.85
Resides in region with middle 50% end-of-life spending 1.13* 1.05 1.25* 1.31*
Resides in region with top 25% EOL spending 1.17* 1.06 1.31* 1.54*

Incident serious illness defined as first diagnosis of a serious medical condition (e.g., metastatic cancer) or loss of independence in one or
more ADLs.43 Rate ratios = exponentiated coefficients from independent multivariable generalized linear models regressions with gamma
family and log link on full sample and each stratum of death probability. Advanced heart failure = CHF diagnosis in claims, including
primary diagnosis for ‡1 inpatient admission. Advanced chronic obstructive lung disease = COPD diagnosis in claims, including home
oxygen use and/or primary diagnosis for at least one inpatient admission.

*p £ 0.05.
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or functional impairment. Mean age was 78 years, 60% were
women and 76% non-Hispanic white. Seventy-six percent
had at least one serious medical illness, 45% had one or more
ADL impairment, and 39% had experienced at least one
unplanned hospital admission in the past year. During the
one-year follow-up period, 13% of the cohort died (Table 1).
Using these baseline data, we calculated risk of one-year
mortality (Appendix 1) and examined bivariate associations
between one-year total Medicare costs and subjects’ personal
and regional characteristics (Appendix 2).

Subjects were categorized as having low, moderate, or
high probability of death. Compared to those with low
probability of death, subjects with higher risk were older, less
likely to be married, more likely to report poor or fair health,
and more likely to have functional impairments, among other
differences (all p-values <0.05, Table 1). Those with higher
probability of death experienced higher Medicare costs
across all categories of spending and had higher rates of
admission to the emergency department, hospital, and ICU
over the one-year follow-up period. The observed one-year
mortality rate in each group was 4% (low), 17% (moderate),
and 41% (high).

In multivariable analyses of total Medicare costs using the
full sample of seriously ill older adults, specific indicators of
poor health (e.g., cancer, ESRD, advanced heart failure and
COPD, three or more comorbidities, functional impairment)
were significantly associated with higher costs (all p-values
<0.05, Table 2). Residing in a high-spending region was also
independently associated with higher costs. In models limited
to those with low and moderate risk of death in one year, a
similar pattern of relationships persisted. Factors indicating
poorer health and function (with the exception of dementia)
were associated with higher costs.

A different pattern emerged in the model limited to those
with high risk of death in one year. For this group, health-
related variables (excluding ESRD) were not significantly
associated with costs. Instead, costs were negatively associ-
ated with older age (RR 0.98 per year, p < 0.01), and posi-
tively associated with African American race (RR 1.56,
p < 0.01) and living in higher spending regions (RR 1.31,
p = 0.03 and RR 1.54, p < 0.01 for the middle 50% and highest
25% HRRs, respectively). In the high-risk group, this rep-
resents a higher average marginal cost of $16,122 and
$31,476 for African Americans residing in middle-spending
and high-spending HRRs, respectively, and $11,162 for non-
African American subjects in high-spending HRRs (Fig. 1).

Analyses of secondary outcomes followed similar pat-
terns. Using the full sample of seriously ill older adults,
with multivariable analyses explaining more than one hos-
pitalization within one year, poorer health and function were
significantly associated with hospitalizations (Table 3). Re-
siding in the top 75% of spending regions was also associated
with multiple hospitalizations (odds ratio [OR] 1.35, p = 0.01
and OR 1.25, p = 0.07 for middle and highest spending HRRs,
respectively). In the model limited to those with high risk
of death in one year, a different pattern again emerged. As in
the overall cost model, health-related variables (excluding
ESRD) were no longer significantly associated with multiple
hospitalizations, while Medicaid (OR 1.93, p = 0.02), VA
coverage (OR 2.59, p = 0.02), and higher spending regions
were associated with multiple hospitalizations (OR 1.67,
p = 0.07 and OR 1.83, p = 0.05 for middle and highest

spending HRRs, respectively). The models of any ICU ad-
mission also followed similar patterns, except that insurance
status was no longer associated and higher regional spend-
ing areas were associated with ICU admissions across the
moderate-risk (middle 50% OR 1.57, p = 0.05; highest 25%
OR 1.89, p = 0.01) and high-risk groups (middle 50% OR
1.92, p = 0.03; highest 25% OR 1.60, p = 0.15) (Table 4).
Sensitivity analyses examining the effect of each health-
related and nonhealth-related variable separately revealed the
same patterns of relationships as in the fully adjusted models
(data not shown).

Discussion

Among a prospectively identified, seriously ill cohort
of older adults, factors associated with higher Medicare
spending (i.e., advanced illness, functional impairment,
multimorbidity, and living in higher spending regions) are
similar to those found in previously published mortality
follow-back studies.8 In analyses stratified by prognosis,
characteristics indicating poorer health are associated with
higher treatment intensity in low and moderate mortality risk
groups. However, for those with highest risk of death, mea-
sures of illness and function were no longer significantly
associated with high-intensity treatment. Instead, race and
regional spending patterns predict spending and intensive
hospital treatment for this group. These data suggest that in
the setting of poor prognosis, nonmedical characteristics (i.e.,
factors likely related to discretionary treatment decisions and
not medical need) have greater influences on treatment in-
tensity. Also, more directly relevant to patients’ care expe-
riences, we found that among the high-risk group, 30% of
African Americans living in high-cost areas were admitted to
an ICU in the year following enrollment (compared to 14% of
non-blacks in low-spending areas), while 45% had multiple
Emergency Department visits and 43% had multiple hospi-
talizations (compared to 25% and 16%, respectively). Mul-
tivariable analyses of these secondary outcomes confirmed
the direction of these relationships, but did not reach statis-
tical significance, likely due to inadequate power.

FIG. 1. Average marginal effect of region and race on
total Medicare costs, relative to non-black, low spending
region, stratified by probability of death.
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We suspect seriously ill patients and their healthcare pro-
viders in the low and moderate mortality risk groups are most
often encountering medical decisions that are relatively
straight-forward, guideline-based, and associated with pre-
dictable outcomes (e.g., beginning first-line chemotherapy
for metastatic breast cancer). In these groups, indicators of
greater illness are associated with greater costs. Those in the
high-risk group, however, are more likely to face complex
medical decisions that cannot be based upon clinical guide-
lines alone, are more often best determined by individual
patient values and goals for care,52–54 and are typically as-
sociated with less predictable outcomes (e.g., ventilator
support for respiratory failure in the setting of advanced heart
failure, multimorbidity, and functional impairment). Most
clinicians, however, lack training in the core palliative care
knowledge and skills (symptom management, advanced
communication skills, care coordination) that are needed to

provide optimal management of these complex patients and
hospital systems typically do not provide the resources to
overcome these deficiencies. Thus, our findings suggest that
nonindividualized care plans, that is, the ‘‘glide path,’’ and
local practice patterns may influence care more than patient
preference. These findings also support the need for fur-
ther intervention and research. For example, a hospital or
healthcare system could implement a program of triggered
palliative care consultations, or require clinicians serving
high-risk patients to complete advanced communication
skills training.19,55–57 Quality metrics could be developed to
assess the concordance of treatment with patient-identified
goals of care and providers could be held accountable for
high standards through public reporting or payment reform.
Any intervention implemented will require further research
to evaluate its effect on promoting person-centered, goal-
directed care for all seriously ill persons.58–61

Table 3. Factors Associated with Having More Than One Hospital Admission over 12 Months,

among Cohort with Incident Serious Illness, Stratified by High and Low Probabilities of Death

Full cohort
n = 5208

Low risk of
death (<10%)

n = 3072

Moderate risk of
death (10–25%)

n = 1371

High risk of
death (>25%)

n = 765

Odds ratios, multivariate analyses

Demographics, social, and insurance
Age 1.00 1.01 0.99 0.98
Female 0.89 0.98 0.89 0.81
African American race 1.10 0.94 1.33 1.48
Hispanic ethnicity 0.63* 0.52* 0.71 1.51
High school degree 0.88 0.84 0.95 0.95
Net asset value, lowest quartile 1.25* 1.30* 1.15 1.15
Religion, very important 1.02 1.02 0.93 1.22
Relatives nearby 0.85* 0.82 0.87 0.85
Married 0.89 1.05 0.73 0.98
Nursing home resident 0.96 0.92 1.03 0.72
Medicaid 1.21 1.24 0.95 1.93*
Veterans Health Administration 1.51* 1.42 1.40 2.59*
Medigap insurance 1.08 1.01 1.13 1.56

Health characteristics
Dementia 0.84 1.01 0.78 0.73
Metastatic cancer 1.34* 0.81 1.46 0.86
End-stage renal disease 1.58* 1.65* 1.30 2.26*
Advanced heart failure* 2.16* 1.72 2.85* 1.46
Advanced COPD* 1.54* 1.62* 2.06* 0.86
Diabetes with end-organ complications 1.28* 1.57* 1.34 0.99
Advanced liver disease/cirrhosis 1.17 1.12 1.34 1.74
Hip fracture 0.99 1.11 1.20 0.68
Self-rated health: poor/fair 1.50* 1.45* 1.32 0.89
ADL impairment 1.21 1.19 1.59* 0.96
Informal caregiving, 60+ hours/month 1.50* 1.81* 1.16 1.21
Three or more comorbidities 1.84* 1.73* 1.69* 1.92

Region
Midwest 0.87 0.83 0.76 0.95
West 0.71* 0.66 0.78 0.72
South 0.85 0.83 0.93 0.70
Resides in region with middle 50% EOL spending 1.35* 1.19 1.49 1.67
Resides in region with top 25% EOL spending 1.25 0.99 1.50 1.83*

Incident serious illness defined as first diagnosis of a serious medical condition (e.g., metastatic cancer) or loss of independence in one or
more ADLs.43 Odds ratios represent exponentiated coefficients from independent multivariable logistic regressions on full sample and each
stratum of death probability. Advanced heart failure = CHF diagnosis in claims, including primary diagnosis for at least one inpatient
admission. Advanced chronic obstructive lung disease = COPD diagnosis in claims, including home oxygen use and/or primary diagnosis
for at least one inpatient admission.

*p £ 0.05.
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This study also revealed the association of other non-
health factors and treatment intensity within the high-risk
group. Consistent with prior research, the African American
race was strongly associated with higher costs; further
investigation is needed to determine whether this finding
reflects patients’ preferences or racial disparities at the
provider level.8,10,26,62–67 While we hypothesized that
higher levels of wealth and education would be associated
with lower treatment intensity we did not find significant
independent relationships. Medicaid enrollment, an alter-
native proxy measure for socioeconomic status, however,
was significantly associated with higher costs in the high-
risk group.

There are limitations to the study. Survey and claims data
have limitations in assessing severity of disease. Despite the
richness of HRS data, we could not include laboratory or
physiologic measures (e.g., ejection fraction, creatinine) in

the mortality risk model, nor could we include physician’s
prognostic estimates. By applying prospective enrollment
criteria only at the biennial HRS survey dates, we may not
have included those with rapidly progressive illness. As the
study data did not include individual patient treatment pref-
erences, we were unable to assess whether treatments pro-
vided were consistent with patient goals. Similarly, data were
not available to assess issues of culture, trust, or implicit
racial biases, which also may influence discretionary medical
decision making in this population. Finally, it may appear
surprising that diagnoses and multimorbidity were no longer
independently predictive of treatment intensity in the high-
risk patient group. However, the predictive prognostic model
that sorted individuals into low-, moderate-, and high-risk
categories depended on these same factors, so that the in-
cremental effect of one or more of these variables in the
highest risk category is likely minimal.

Table 4. Factors Associated with At Least One Intensive Care Unit Admission over 12 Months,

among Cohort with Incident Serious Illness, Stratified by High and Low Probabilities of Death

Full cohort
n = 5208

Low risk of
death (<10%)

n = 3072

Moderate risk of
death (10–25%)

n = 1371

High risk of
death (>25%)

n = 765

Odds ratios, multivariate analyses

Demographics, social, and insurance
Age 1.00 1.00 0.99 0.98
Female 0.74* 0.80 0.78 0.67
African American race 0.94 0.80 0.91 1.66
Hispanic ethnicity 1.00 0.89 0.91 2.80*
High school degree 1.01 0.99 1.03 1.14
Net asset value, lowest quartile 1.06 1.04 1.22 0.80
Religion, very important 1.05 1.05 1.03 1.25
Relatives nearby 0.88 0.86 0.92 0.83
Married 0.93 1.01 0.96 0.96
Nursing home resident 0.87 1.32 0.91 0.52*
Medicaid 1.14 1.32 0.80 1.54
Veterans Health Administration 1.23 1.27 1.14 1.27
Medigap insurance 0.94 1.01 0.85 1.04

Health characteristics
Dementia 0.86 1.25 0.73 0.67
Metastatic cancer 1.09 1.80 0.73 0.48*
End-stage renal disease 1.63* 1.92* 1.49 1.93*
Advanced heart failure* 1.94* 1.86* 2.11* 1.11
Advanced COPD* 1.66* 1.85* 1.71* 1.34
Diabetes with end-organ complications 1.25* 1.75* 1.10 1.36
Advanced liver disease/cirrhosis 0.99 1.27 1.26 0.60
Hip fracture 0.72 0.81 1.19 0.36
Self-rated health: poor/fair 1.42* 1.29* 1.22 1.26
ADL impairment 1.15 1.44* 1.12 0.81
Informal caregiving, 60+ hours/month 1.27* 1.64* 0.91 0.90
Three or more comorbidities 1.99* 1.71* 2.95* 1.31

Region
Midwest 1.15 1.16 0.93 1.31
West 1.00 0.95 0.90 1.14
South 1.25 1.42* 1.10 1.01
Resides in region with middle 50% EOL spending 1.27* 1.00 1.57* 1.92*
Resides in region with top 25% EOL spending 1.29* 0.99 1.89* 1.60

Incident serious illness defined as first diagnosis of a serious medical condition (e.g., metastatic cancer) or loss of independence in one or
more ADLs.43 Odds ratios represent exponentiated coefficients from independent multivariable logistic regressions on full sample and each
stratum of death probability. Advanced heart failure = CHF diagnosis in claims, including primary diagnosis for at least one inpatient
admission. Advanced chronic obstructive lung disease = COPD diagnosis in claims, including home oxygen use and/or primary diagnosis
for at least one inpatient admission.

*p £ 0.05.
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Conclusions

Our findings suggest new opportunities and incentives to
improve care quality and value for the high-risk geriatric
population. Patients at greatest risk for receipt of non-
individualized (i.e., determined by local practice patterns),
high-intensity treatments can be prospectively identified.
Furthermore, our study highlights the need to expand training
in core palliative care knowledge and skills (symptom man-
agement, communication skills, care coordination) for all
clinicians caring for this population to enhance their ability to
elicit patient goals and recommend concordant treatments.49

Finally, automatic identification of this patient population
should be considered to facilitate referral to specialist palli-
ative care services, which are specifically designed to care for
these patients and have shown promising improvements in
patient and family outcomes.16,21,49,55
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Appendix Table 1. Multivariable Regression

of One-Year Mortality

n = 5215

Age 1.04*
Female 0.56*
African American race 1.00
Hispanic ethnicity 0.76
Married 0.89
Nursing home resident 1.56*
Dementia 1.02
Metastatic cancer 5.44*
End-stage renal disease 1.44*
Advanced heart failure 1.96*
Advanced COPD 1.64*
Diabetes with end-organ complications 0.96
Advanced liver disease/cirrhosis 1.532
Hip fracture 0.77
Three or more comorbidities 1.47*
Body mass index, <25 1.92*
Current smoker 1.32
Self-rated health: poor/fair 1.88*
Difficulty bathing 0.95
Difficulty managing money 1.34*
Difficulty walking several blocks 1.85*
Difficulty pushing/pulling large objects 1.16
Any urgent or emergent hospital

admission 12 m pre-core
1.31*

Index of ADL impairments 1.18*
Informal caregiving, 60+ hours/month 1.27*
Midwest 1.28
South 0.97
West 1.28

Advanced heart failure = heart failure diagnosis in claims, includ-
ing primary diagnosis for at least one inpatient admission Advanced
chronic obstructive lung disease (COPD) = COPD diagnosis in
claims, including home oxygen use and/or primary diagnosis for at
least one inpatient admission.

*p £ 0.05.
ADLs, activities of daily living; COPD, chronic obstructive

pulmonary disease.
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Appendix Table 2. Unadjusted Bivariate Relationships between Subjects’ Social, Functional,

Medical, and Regional Characteristics and Total Medicare Costs

over One Year, Stratified by Probability of Death at One Year

Full cohort
n = 5208

Low probability
of death (<10%)

n = 3072

Middle probability
of death (10–25%)

n = 1371

High probability
of death (>25%)

n = 765

Rate ratiosa

Demographics, social, and insurance
Age 0.99* 0.98* 0.97* 0.97*
Female 0.88* 0.93 0.99 0.80*
African American race 1.31* 1.12 1.39* 1.78*
Hispanic ethnicity 1.20* 1.31* 1.13 1.37
High school degree 0.85* 0.85* 0.95 0.85
Net asset value, lowest quartile 1.21* 1.18* 1.11 1.15
Religion, very important 0.99 0.99 1.05 1.16
Relatives nearby 0.97 0.92 0.99 0.97
Married 0.94 0.98 0.94 1.32*
Nursing home resident 1.14* 0.87 0.96 0.73*
Medicaid 1.34* 1.36* 1.18 1.27*
Veterans health administration 0.96 1.01 1.01 0.91
Medigap insurance 0.89* 0.85* 0.90 0.99

Health characteristics
Dementia 0.84* 0.71* 0.84* 0.78*
Metastatic cancer 1.29* 0.73 1.00 1.25*
End-stage renal disease 1.79* 1.71* 1.73* 1.80*
Advanced heart failure* 1.53* 1.31 1.29* 1.23
Advanced COPD* 1.32* 1.22* 1.24* 1.25
Diabetes with end-organ complications 1.29* 1.39* 1.58* 1.44*
Advanced liver disease/cirrhosis 0.84 0.74* 1.13 1.35
Hip fracture 1.11 0.94 1.44 0.78
Self-rated health: poor/fair 1.68* 1.52* 1.32* 1.35
ADL impairment, stable 1.15* 1.15 1.08 0.91
ADL impairment, decline 1.17* 1.11 1.01 0.92
Informal caregiving, 60+ hours/month 1.37* 1.43* 1.04 1.18
Three or more comorbidities 1.83* 1.57* 1.75* 1.75*

Region
Midwest 0.98 0.98 0.90 0.92
South 1.10 1.14 1.17 0.92
West 0.83* 0.89 0.74* 0.73
Resides in region with middle

50% end-of-life spending
1.18* 1.03 1.34* 1.27

Resides in region with top
25% end-of-life spending

1.29* 1.08 1.44* 1.66*

aRate ratios represent exponentiated coefficients from bivariate generalized linear models with log link and gamma family independently
run for each variable in the full sample and within each stratum of death probability. Advanced heart failure = CHF diagnosis in claims,
including primary diagnosis for at least one inpatient admission. Advanced chronic obstructive lung disease = COPD diagnosis in claims,
including home oxygen use and/or primary diagnosis for at least one inpatient admission.

*p £ 0.05.
ADL, activities of daily living.
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