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Abstract

Purpose—The ability to predict mortality and admission to acute care hospitals, skilled nursing
facilities (SNFs), and long-term care (LTC) facilities in the elderly and how it varies by activity of
daily living (ADL) and instrumental ADL (IADL) status could be useful in measuring the success
or failure of economic, social, or health policies aimed at disability prevention and management.
We sought to derive and assess the predictive performance of rules to predict 3-year mortality and
admission to acute care hospitals, SNFs, and LTC facilities among Medicare beneficiaries with
differing ADL and IADL functioning levels.

Methods—~Prospective cohort using Medicare Current Beneficiary Survey data from the 2001-
2007 entry panels. In all, 23,407 community-dwelling Medicare beneficiaries were included.
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Multivariable logistic models created predicted probabilities for all-cause mortality and admission
to acute care hospitals, SNFs, and LTC facilities, adjusting for sociodemographics, health
conditions, impairments, behavior, and function.

Results—Sixteen, 22, 14, and 14 predictors remained in the final parsimonious model predicting
3-year all-cause mortality, inpatient admission, SNF admission, and LTC facility admission,
respectively. The C-statistic for predicting 3-year all-cause mortality, inpatient admission, SNF
admission, and LTC facility admission was 0.779, 0.672, 0.753, and 0.826 in the ADL activity
limitation stage development cohorts, respectively, and 0.788, 0.669, 0.748, and 0.799 in the ADL
activity limitation stage validation cohorts, respectively.

Conclusions—Parsimonious models can identify elderly Medicare beneficiaries at risk of poor
outcomes and can aid policymakers, clinicians, and family members in improving care for older
adults and supporting successful aging in the community.

Key works
outcomes; prediction; disability; Medicare; activity of daily living

1 Introduction

Americans age 65 years and older currently make up approximately 15% of the population,
and will account for almost 22% by 2040 (US Department of Health & Human Services,
2016). Predicting events such as death and admission to acute care hospitals, skilled nursing
facilities (SNFs), and long-term care (LTC) facilities in this large population is of great
importance to healthcare planners and policymakers so that they can forecast and respond to
resource needs by allocating appropriate funds. Predicting such events also provides
important prognostic information to patients, family members, and clinicians by enabling
interventions to delay such undesired events, and to allow people to prepare emotionally
and/or financially for such events (Brodaty et al., 2014). The value of predictive rules to
healthcare policymakers and healthcare planners can be increased if the included variables
are derived from data that are routinely collected in the target population or a systematic
sample. Similarly, the value of individual-level prognostic tools is enhanced if the tools are
based on information that is readily accessible, such as responses to questions that can be
asked of the patient or her/his proxy.

Several previous models have been developed to predict hospital admission or readmission
among middle aged persons with a variety of health conditions (Billings et al., 2012;
Kansagara et al., 2011; van Walraven et al., 2010). Robusto and colleagues developed and
validated the drug derived complexity index, which stratified the general population aged 40
years and older according to one year and overall mortality and unplanned hospital
admission derived from drug prescriptions (Robusto et al., 2016). McCormick and
colleagues developed a predictive index for planned patient care in LTC settings among
persons with HIV/AIDS (McCormick, Inui, Deyo, & Wood, 1991). Zhang and colleagues
developed 1-, 5-, and 10-year mortality indices in those 70 years and older who participated
in the Second Longitudinal Study on Aging (Zhang et al., 2012). However, these prior
studies do not provide parsimonious models for predicting 3-year all-cause mortality,
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inpatient admission, SNF admission, and LTC facility admission in a nationally
representative sample of Medicare Beneficiaries age 65 and older, nor has the prior work
explored how patterns of disability relate to these risks. With the transition in causes of death
from acute and infectious to chronic and degenerative illnesses (McKeown, 2009), the
effective management of activity of daily living (ADL) and instrumental activity of daily
living (IADL) limitations in the population will become increasingly important in preventing
death, hospitalization, and the need for skilled nursing care or long-term care. The ability to
predict the probability of these adverse events and how it varies by ADL and IADL status
could be useful in measuring the success or failure of economic, social, or health policies
aimed at disability prevention in and management of Medicare beneficiaries. Landi and
colleagues found that after adjustment, disability was a stronger predictor of mortality
among persons aged 80 years and older than multimorbidity (Landi et al., 2010). We
therefore sought to derive and assess the predictive performance of rules to predict 3-year
mortality and admission to acute care hospitals, skilled nursing facilities, and long-term care
facilities among Medicare beneficiaries with differing levels of ADL and IADL functioning.

This study has approval by the Institutional Review Board at the University of Pennsylvania.

2.1 Data source

We used data from the Medicare Current Beneficiary Survey (MCBS), which is
representative of the Medicare population and conducted by the Centers for Medicare and
Medicaid Services (Health and Health Care of the Medicare Population, 2006; Kautter,
Khatutsky, Pope, Chromy, & Adler, 2006; US Department of Health & Human Services,
2010). Beneficiaries, or their proxies when the sample person is unavailable, are interviewed
about their health status and functioning during the autumn of the entry year into the survey
and for the following three autumns, in addition to being surveyed about their healthcare
utilization beginning January 15t after their autumn interview for a total of four years. To
account for non-response and weighted sampling, survey weights are used, and those 80
years and older are oversampled because of their special needs (Kautter et al., 2006).

2.2 Study sample

The study cohort began with 33,934 community-dwelling adults aged 65 years and older
who were part of the 2001-2007 MCBS entry panels, and each beneficiary was followed for
three subsequent years. Beneficiaries enrolled in health maintenance organizations
(n=10,047) were removed since we were uncertain if we had complete information about
their utilization of healthcare services. Also, beneficiaries missing information on covariates
(n=480) were excluded. Thus, 23,407 beneficiaries were included in the analyses.

2.3 Outcomes

Our study outcomes were all-cause mortality, inpatient hospital admission, SNF admission,
and LTC facility admission, all ascertained during the three years after survey entry.
Outcomes were obtained from the Cost and Use files. SNF admission was intended to
capture short-term rehabilitation stays, while LTC facility admission was meant to ascertain
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more permanent placement. Since our focus was the burden of the adverse events, we treated
death before inpatient hospital admission, SNF admission, and LTC facility admission as no
event.

2.4 Predictor Variables

Predictor variables were categorized into different domains that included
sociodemographics, health conditions, impairments, behavior, and function.

Sociodemographics included age (65-74, 75-84, or =85), sex, and race (hon-Hispanic white,
non-Hispanic black, Hispanic, or other). Education was grouped as less than high school,
high school graduate, and some college and above. Living arrangement was categorized as
lives alone, lives with spouse, lives with children, or lives with others. Dual eligibility was
dichotomized as Medicare and Medicaid dual enrollment versus Medicare only. An indicator
for proxy response versus self-response was included. Urban setting was compared to rural
setting.

Health conditions were comorbidities that a doctor told the beneficiary he or she had or that
occurred within the past year. The comorbidities were Alzheimer’s disease, amputation,
angina pectoris or coronary artery disease, broken hip, cancer, chronic heart failure,
complete or partial paralysis, depression, diabetes type 1, 2, or other or high blood sugar,
emphysema/asthma/chronic obstructive pulmonary disease (COPD), hardening of the
arteries, heart rhythm disease, heart valve disease, hypertension, incontinence, dialysis, or
catheterization, mental or psychiatric disorder, mental retardation, myocardial infarction,
non-rheumatoid arthritis, osteoporosis, Parkinson’s disease, rheumatoid arthritis, and stroke
or brain hemorrhage.

Impairments included severe hearing impairment or being deaf, and severe vision
impairment or having no usable vision.

The behavior domain was comprised of a variable for smoking (non-smoker, ever smoked,
or current smoker).

Function at the baseline interview was measured by ADL and IADL activity limitation
stages, which have been described previously (Kurichi et al., 2016; Stineman et al., 2014).
Activity limitation stages were developed to specify clinically meaningful patterns of
increasing difficulty with self-care items and to represent the severity and types of
limitations experienced. Activity limitation stages improve on simple counts of limitation
which only captures severity. Eating, toileting, dressing, bathing/showering, getting in or out
of bed/chairs, and walking are ADL items. Using the telephone, managing money, preparing
meals, doing light housework, shopping for personal items, and doing heavy housework are
IADL items. There are 5 activity limitation stages within each of the ADL and IADL
domains, ranging from 0-1V (no limitation to complete limitation) where greater disabilities
are associated with higher numbered activity limitation stages. Activity limitation stage 111
was designed to account for patterns of limitation that are atypical of the hierarchy and is a
non-fitting activity limitation stage.

All predictor variables were obtained from the baseline survey.
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2.5 Statistical analyses

3 Results

Beneficiaries were randomly divided into two groups. The development cohort included
two-thirds of the sample (n=15,606), while the validation cohort included the remaining one-
third of the sample (n=7,801). Beneficiaries from the development cohort were compared to
those in the validation cohort with respect to each predictor. The absolute value of the
standardized difference between the development and validation cohorts of each predictor
was calculated (Yand D & Dalton JE, 2012).

Next, we examined bivariate associations between each predictor and each outcome (all-
cause mortality, inpatient admission, SNF admission, and LTC facility admission) in the
development cohort. Variables with p-value < 0.20 were entered in a multivariable logistic
model for each outcome. Backward selection was then used to eliminate covariates with p-
value > 0.05 to obtain a more parsimonious model. ADL and IADL activity limitation stages
were entered into separate models because of co-linearity.

The C-statistic was obtained from the development cohort and was used to determine the
goodness-of-fit of the model in the development cohort (Hanley & McNeil, 1982). Then the
model coefficients in the parsimonious models obtained from the development cohort were
applied to the validation cohort for each outcome, and the validation C-statistic was
calculated for each outcome. The C-statistic obtained from the validation cohort was then
compared to the one obtained from the development cohort for each outcome.

All statistical analyses used SAS 9.4 (SAS Institute, Inc.) (Lo A & A, 2005). All analyses
accounted for complex sampling including weight, clustering, stratification, and sub-
population.

The average (standard deviation) age of Medicare beneficiaries in the development cohort
was 76.4 (7.6) years. Most of the beneficiaries in the development cohort were female
(56.7%), non-Hispanic white (83.7%), lived with their spouse (54.8%), and lived in an urban
setting (71.9%) (table 1). Only a small portion was dually enrolled in Medicaid (11.5%) or
had a proxy respond for them (7.1%). The most common self-reported health conditions
were hypertension (58.0%), non-rheumatoid arthritis (44.8%), and incontinence, dialysis, or
catheterization (26.8%). Approximately 6% of Medicare beneficiaries had either severe
hearing impairment or deafness or severe vision impairment or no usable vision. Almost half
the cohort had smoked (44.7%). The majority had no limitations in performing ADLs
(72.5%) or IADLs (65.6%) at baseline. The characteristics of the validation cohort were, as
expected, similar to those in the development cohort (table 1). Absolute standardized
difference between the development and validation cohorts for all variables are very close to
0 which suggests that the two cohorts are similar (an absolute value >0.20 indicates
imbalance).

There were 33, 35, 32, and 28 predictors with p-value < 0.20 in the bivariate analysis for all-
cause mortality, inpatient admission, SNF admission, and LTC facility admission,
respectively, using ADL activity limitation stages as the measurement for function. The
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number of predictors remaining in the final parsimonious model predicting all-cause
mortality, inpatient admission, SNF admission, and LTC facility admission (table 2) were
16, 22, 14, and 14, respectively (Figure 1). The predictors were similar when using IADL
activity limitation stages, albeit with some minor differences (table 3). In predicting all-
cause mortality, the IADL activity limitation stage parsimonious model included broken hip.
Proxy-responded was included in the IADL activity limitation stage parsimonious inpatient
admission model. Incontinence, dialysis, or catheterization was included in the IADL
activity limitation stage parsimonious LTC facility model, while non-rheumatoid arthritis
and severe vision impairment or having no usable vision were included in the ADL activity
limitation stage parsimonious model.

The C-statistic for predicting all-cause mortality, inpatient admission, SNF admission, and
LTC facility admission was 0.779, 0.672, 0.753, and 0.826 in the ADL activity limitation
stage development cohorts, respectively, and 0.788, 0.669, 0.748, and 0.799 in the validation
cohorts, respectively. The C-statistics were also similar when using IADL activity limitation
stages in the development and validation cohorts. For all-cause mortality, inpatient
admission, SNF admission, and LTC facility admission, the C-statistic was 0.781, 0.673,
0.751, and 0.825 in the IADL activity limitation stage development cohorts, respectively,
and 0.786, 0.666, 0.747, and 0.802 in the validation cohorts, respectively.

4 Discussion

We found that routinely collected survey data can be used to predict older Medicare
beneficiaries’ three-year risk of mortality and admission to an inpatient hospital, SNF, or
LTC facility with reasonably high predictive accuracy (C-statistics in the validation cohort
ranging from 0.669 to 0.799). Such models can be used on an aggregate basis to forecast and
plan for population-level health services’ needs, and as a basis for risk adjustment in the
context of evaluating quality of care, costs, and medical effectiveness. Our findings build
and expand on previously developed models (Billings et al., 2012; Kansagara et al., 2011,
McCormick et al., 1991; Robusto et al., 2016; van Walraven et al., 2010), particularly for
those with limitations in performing ADLs and IADLs. The potential utility of these models
for such purposes is enhanced by their basis in variables routinely ascertained in the MCBS.
Such models may also be useful to aid in identifying high-risk persons who may benefit
from interventions to reduce disparities in people at high risk of these particular outcomes,
and to benefit individual patients and caregivers in planning for adverse life events.
Although the predictors used in this study were retrieved from the MCBS, similar
information at the individual level might instead be obtained from an electronic medical
record or directly from patients’ responses.

Policymakers and clinicians are challenged with developing and providing services with
limited resources and needing to focus on high impact problems. Developing prediction
rules is one way to aid policymakers and clinicians in forecasting patient outcomes. Creating
predictive models can help policymakers plan and develop services and can help identify
groups at highest risk of poor outcomes. Knowledge of predictors can help guide future
research efforts and clinicians to provide extra care to those sub-groups at risk in efforts to
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improve the quality of care provided to patients attempting to delay or reduce the risk of
mortality, or admission to an inpatient hospital, SNF, or LTC facility.

Our earlier work demonstrates that higher baseline ADL activity limitation stage is
associated with functional deterioration (Bogner et al., 2017), institutionalization (Bogner et
al., 2017; Stineman, Xie, Streim, et al., 2012), and mortality (Bogner et al., 2017; Stineman,
Xie, Pan, et al., 2012; Stineman, Xie, Streim, et al., 2012; Zhang et al., 2012) among older
persons. We found in our current study that all ADL activity limitation stages (I-1V), i.e.,
beneficiaries with some level of difficulty performing the activities, were highly predictive
of mortality and inpatient admissions compared to being classified at stage 0 where
beneficiaries have no difficulty performing any ADL (p<0.01). For SNF and LTC facility
admissions, only ADL activity limitation stages I-111 compared to stage O were highly
predictive (p<0.01). Beneficiaries categorized at higher, more disabled activity limitation
stages may need institutionalization because of their increased care burden, or are at higher
risk of death because the burden may be too severe. Creating advance directives and advance
care planning are important in this high risk group.

Because of the importance given to the high increase in the oldest old group of the
population (National Institute on Aging, 2015), we conducted a post hoc analysis to
determine if similar variables were predictive of the four outcomes (mortality and admission
to an inpatient hospital, SNF, and LTC facility) after we stratified the cohort by age group
(6574, 75-84, and =85). For mortality, sex, cancer, smoking, and ADL activity limitation
stages were common predictors in all three models. Specifically for the 85 and older age
group, the predictors of mortality also included education, Alzheimer’s disease, chronic
heart failure, incontinence, dialysis, or catheterization, and vision impairment. For inpatient
admissions, the common predictors for all three age groups were urban setting, myocardial
infarction, and ADL activity limitation stages. Among those =85, broken hip and mental or
psychiatric disorder were also predictors. Only race and ADL activity limitation stages were
common predictors of SNF admissions regardless of age. For the oldest old group, living
arrangement, education, urban setting, mental or psychiatric disorder, and heart valve
disease were also predictors. Finally, for LTC facility admissions, living arrangement,
Alzheimer’s disease, and ADL activity limitation stages were common predictors among all
three age groups. Race, education, heart rhythm disease, complete or partial paralysis, and
mental or psychiatric disorder were also predictors among those =85 years and older. These
factors have also been found in other studies (Andersen-Ranberg K, Petersen |, Robine J, &
Christensen K, 2011; National Institute on Aging, 2015; US Census Bureau, 2011).

Medicare provides health insurance for 43 million elderly and disabled people, accounting
for 14% of the federal budget (Kennedy & Tuleu, 2007). The effective management of ADL
and IADL limitations in the population will become increasingly essential. Beyond the
impact of comorbid diagnoses, activity limitation is an independent risk factor for increasing
healthcare costs (Chan et al., 2002). Costs increase more directly with the number of ADL
limitations and health service use events rather than with the intensity of treatment received
during discrete events (Chan et al., 2002). Thus, if more becomes known about the
possibility of postponing the onset of activity limitations or stopping further deterioration,
then the economic impacts of the growth of the older adult population and the growing
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number of younger beneficiaries entering Medicare because of disabilities can be mitigated.
Therefore, the parsimonious models that we developed to predict mortality and admission to
an inpatient hospital, SNF, or LTC facility can be used in real world applications to screen
beneficiaries at the highest risk of these adverse outcomes and develop interventions at the
individual-, family-, and community-levels within medical homes, accountable care
organizations, and programs of all-inclusive-care for elders (PACE) targeted to reduce
adverse events and health service use costs among disabled beneficiaries. The ADL and
IADL limitation information ascertained from activity limitation stages could further aid in
targeting interventions and population health initiatives to sub-groups of people with similar
types and severities of disabilities.

Several strengths of this study are noteworthy. First, the MCBS is an ongoing survey of
nationally representative Medicare beneficiaries, which enhances the utility of the predictive
models. Second, the models had reasonably good predictive ability, as noted by the high C-
statistics. Third, the models performed as well in the validation cohorts as it did in the
development cohorts, suggesting that they are not over-fit.

There are some limitations of the study that deserve mention. The activity limitation stages
were derived based on self-or proxy-reported responses, which may not be an accurate
portrayal of which activities are truly difficult to perform. There may be response bias due to
imperfect recall since survey questions ask the respondent to recall events during the past
year. However, we felt that it was important to include proxy responses even though proxies
may not have answered the same way as the sample person. Conversely, bias may have been
introduced if proxy responses were excluded (Stineman, Ross, & Maislin, 2005). Additional
variables, such as self-advocacy, prior falls, attitudinal barriers (i.e., fear), or unmet needs at
the site of medical care (i.e., lack of interpreter availability) may have been associated with
the outcomes, but were not available in our dataset. Our study results can only be applied to
the elderly, community-dwelling Medicare population since beneficiaries less than 65 years
of age were excluded, since those less than 65 years of age have much different rates of
death and healthcare services utilization than older Medicare beneficiaries.

5 Conclusions

Parsimonious models can identify elderly Medicare beneficiaries at risk of poor outcomes
and can aid policymakers, clinicians, and family members in improving care for older adults
and supporting successful aging in the community. Results from this study that identified
predictors for poor patient outcomes among elderly Medicare beneficiaries may have utility
in developing guidelines to enable beneficiaries to dwell in the community longer. Prediction
models may empower the patient, family members, and care providers to tailor care plans to
the specific individual’s needs and possibly prevent or delay poor outcomes. Being able to
understand these predictors will help clinicians educate patients and families about
prevention strategies and approaches to care that reduce the risk of poor outcomes.
Identifying beneficiaries who will benefit most from special attention may be key to
improving outcomes and could also inform targeted interventions to reduce disparities for
people with disabilities. Understanding the link between sub-groups of people most
vulnerable to death, inpatient admission, SNF admission, and LTC facility admission and
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gaps in healthcare can help guide the development and implementation of interventions.
Careful surveillance could enable disability management that reduces risks of adverse
outcomes and improves the quality of life among elderly Medicare beneficiaries with
disabilities.
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Highlights
. Predictive models can be useful to patients, caregivers, and policymakers in

caring for those who are older and disabled.

. We found different variables that predicted 3-year death, and admission to a
hospital, skilled nursing facility, and long-term care facility.

. These models can identify elderly beneficiaries who are at risk of these poor
health outcomes and the information can help support successful aging in the
community.
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ALL-CAUSE MORTALITY
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Figure 1.
Title for Figure 1a. Comparison of predictors for all-cause mortality, inpatient admission,

skilled nursing facility admission, and long-term care facility admission using activity of
daily living activity limitation stages

Key for figure 1a: COPD = chronic obstructive pulmonary disease; MI = myocardial
infarction; LA = living arrangement; ADL = activity of daily living; NRA = non-rheumatoid
arthritis

Title for Figure 1b. Comparison of predictors for all-cause mortality, inpatient admission,
skilled nursing facility admission, and long-term care facility admission using instrumental
activity of daily living activity limitation stages

Key for figure 1b: COPD = chronic obstructive pulmonary disease; Ml = myocardial
infarction; LA = living arrangement; IADL = instrumental activity of daily living
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Baseline characteristics of the development and validation cohorts

Table 1

Page 14

Covariates

Development cohort
weighted %

Validation cohort
weighted %

Absolute standardized
difference between the
development and

N=15,606 N=7,801 validation cohorts
Sociodemographics
Age 0.002
65-74 55.4 55.3
75-84 34.0 34.1
285 10.6 10.6
Sex 0.003
Female 56.7 56.5
Race/Ethnicity 0.038
Non-Hispanic white 83.7 83.4
Non-Hispanic black 7.8 75
Hispanic 5.2 6.0
Other 33 31
Education 0.015
Less than high school 26.2 26.2
High school graduate 29.5 30.1
Some college and above 444 43.7
Living arrangement 0.028
Lives alone 315 305
Lives with spouse 54.8 55.2
Lives with children 8.8 9.5
Lives with others 4.9 4.9
Medicare and Medicaid dual enrollee 115 11.9 0.015
Proxy responded 7.1 7.2 0.005
Urban setting 71.9 73.2 0.029
Presence of self-reported health conditions
Alzheimer’s disease 2.1 2.1 0.004
Amputation 0.8 1.0 0.018
Angina pectoris/coronary artery disease 9.3 9.4 0.005
Broken hip 31 3.3 0.011
Cancer 17.0 16.8 0.005
Chronic heart failure 4.6 4.8 0.008
Complete or partial paralysis 24 2.6 0.012
Depression 85 9.2 0.026
Diabetes type 1, 2, or other or high blood sugar 14.2 15.1 0.025
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Covariates

Development cohort
weighted %

Validation cohort
weighted %

Absolute standardized
difference between the
development and

N=15,606 N=7,801 validation cohorts
cI?irgleejr;)ésema/asthma/chronic obstructive pulmonary 133 135 0.007
Hardening of the arteries 75 7.8 0.013
Heart rhythm disease 125 12.7 0.005
Heart valve disease 5.6 5.8 0.009
Hypertension 58.0 59.5 0.030
Incontinence, dialysis, or catheterization 26.8 27.2 0.009
Mental or psychiatric disorder 5.4 55 0.005
Mental retardation 0.4 0.3 0.010
Myocardial infarction 125 12.6 0.003
Non-rheumatoid arthritis 44.8 45.6 0.016
Osteoporosis 155 15.6 0.001
Parkinson’s disease 1.2 1.0 0.011
Rheumatoid arthritis 8.5 7.9 0.024
Stroke or brain hemorrhage 9.8 9.4 0.014
Impairments
Severe hearing impairment or deaf 6.8 6.4 0.014
Severe vision impairment or no usable vision 6.2 6.4 0.009
Behavior
Smoking 0.019
Non-smoker 43.7 44.6
Ever smoked 44.7 43.7
Current smoker 11.6 11.7
Function
Activity of Daily Living Stage 0.024
0 725 71.7
| 14.4 15.2
1l 7.1 7.1
1 5.2 5.1
v 0.9 0.9
Instrumental Activity of Daily Living Stage 0.008
0 65.6 65.6
| 16.3 16.1
1l 7.3 7.4
1 8.9 9.0
v 1.9 1.9
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