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Abstract

Background—Stages of activity limitation based on activities of daily living (ADLs) and 

instrumental activities of daily living (IADLs) have been found to predict mortality in those age 70 

years and above but have not been examined in Medicare beneficiaries age 65 years and older 

using routinely collected data.

Objective—To examine the association between functional stages based on activities of ADLs 

and IADLs with three-year mortality in Medicare beneficiaries age 65 years and older, accounting 

for baseline sociodemographics, heath status, smoking, subjective health, and psychological well-

being.

Design—Cohort study using the Medicare Current Beneficiary Survey (MCBS) and associated 

health care utilization data.

Setting—Community administered survey.

Corresponding author: Sean Hennessy, PharmD, PhD, University of Pennsylvania Perelman School of Medicine, 423 Guardian 
Drive/803 Blockley Hall, Philadelphia, PA 19104-6021, phone: 215-898-9112, fax: 215-573-5315, hennessy@upenn.edu. 

There are no conflicts of interest of any of the authors.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
PM R. Author manuscript; available in PMC 2016 December 01.

Published in final edited form as:
PM R. 2015 December ; 7(12): 1215–1225. doi:10.1016/j.pmrj.2015.05.014.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Participants—We included 9698 Medicare beneficiaries 65 years of age and older who entered 

the MCBS in 2005–07.

Main outcome measures—Death within three years of cohort entry.

Results—The overall mortality rate was 3.6 per 100 person years, and three-year cumulative 

mortality was 10.3%. Unadjusted three-year mortality was monotonically associated with both 

ADL stage and IADL stag. Adjusted three-year mortality was associated with ADL and IADL 

stages, except that in some models the hazard ratio for stage III (which includes persons with 

atypical activity limitation patterns) was numerically lower than that for stage II.

Conclusion—We found nearly monotonic relationships between ADL and IADL stage and 

adjusted three-year mortality. These findings could aid in the development of population health 

approaches and metrics for evaluating the success of alternative economic, social, or health 

policies on the longevity of older adults with activity limitations.

INTRODUCTION

More than 56 million Americans (19% of the US population) had at least one disability in 

2010 according to the Survey of Income and Program Participation.1 This number is 

expected to grow substantially as the baby boom generation ages. Approximately 25% of 

people 65 years of age and older have difficulty with at least one basic activity of daily 

living (ADL) and an additional 14% have difficulty performing at least one higher-level 

instrumental activity of daily living (IADL)2 as defined by the International Classification of 

Functioning, Disability and Health (ICF).3

This high prevalence of activity limitation along with the growing number of elderly persons 

in the US will present a challenge to the Medicare program. Sox has asserted that 

approaching each patient strictly as an individual is an obsolete organizing principal for US 

health care today, and that population health approaches are the best alternative for 

improving and maintaining the health of people in the community.4 In response to this 

assertion and to a 2007 Institute of Medicine report calling for the creation of 

comprehensive disability monitoring systems based on ICF terminology and concepts, 

Stineman et al developed ICF-based staging systems for ADLs and IADLs,5 which are 

summarized in Table 1. Disability staging systems that are based on regularly-collected 

survey data and predict mortality can be used to advance the goal of using population-based 

approaches to monitor and improve health. The five ADL and five IADL stages represent 

meaningful population-level measures of activity limitation that could be used by the 

Centers for Medicare and Medicaid Services (CMS) to monitor the prevalence of activity 

limitations in the Medicare population and assess the effects of efforts to promote the health, 

function and survival of persons with defined types and severities of activity limitation. 

Such monitoring can be performed using data already routinely collected as part of the 

Medicare Current Beneficiary Survey (MCBS).6

The staging systems that we examined (Table 1) are based on the ADL and IADL domains 

such that stage 0 represents “no”; stage I, “mild”; stage II “moderate”; stage III “severe”; 

and stage IV “complete” limitation within those domains. These hierarchical staging 

systems reflect the most common patterns of functional loss and recovery and specify 
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clinically meaningful patterns of increasing difficulty with self-care and more complex 

instrumental skills. At mild stages of limitation, people are able to perform all but the 

typically hardest activities without difficulty, while at more advanced stages even the easiest 

activities (i.e., those least frequently reported as difficult) become limited. Stage III in the 

ADL and IADL systems was designed as a “non-fitting” stage to accommodate people with 

atypical patterns of disability.

ADL and IADL stages have shown expected associations with age and comorbidity7 and 

were found to be associated with mortality using data from 1994 National Health Interview 

Survey linked to data from the Second Longitudinal Study of Aging.8,9 However, to our 

knowledge, the association between MCBS-derived ADL and IADL stages and mortality is 

unknown, yet important if stages are to be used to risk stratify persons on the basis of 

disability in population health approaches. If these stages are independently associated with 

mortality they might be useful for identifying Medicare beneficiaries who might benefit 

from interventions to ameliorate activity limitation or for evaluating the success of policies 

to help the disabled elderly. We therefore sought to assess whether the MCBS-derived ADL 

and IADL stages predict three-year mortality after adjusting for medical comorbidity in a 

nationally representative sample of Medicare beneficiaries 65 years of age and older. We 

hypothesized that increasing ADL and IADL stages would be independently associated with 

increasing three-year mortality, with the possible exception of the non-fitting stage III.

METHODS

Study Cohort

We studied MCBS participants.6,10 The MCBS is a systematic sample of Medicare 

beneficiaries who are interviewed (or whose proxies are interviewed) and whose subsequent 

health care utilization is recorded. Each beneficiary or proxy is interviewed for a total of 

four years: entry year plus three years of follow-up. The resulting data consist of two 

linkable data sets: 1) Access to Care (which records baseline health status and the results of 

an interview ascertaining functional ability); and 2) Cost and Use (which includes 

respondents’ Medicare claims data). Each respondent is assigned a survey weight that 

reflects the number of Medicare beneficiaries for whom that individual stands for in the 

survey results.10

Our study cohort consisted of members of the 2005, 2006, and 2007 entry panels who had 

reached their 65th birthday by the date of panel entry (n=9700). We restricted our study to 

beneficiaries 65 years of age and older because we anticipated that associations between 

disability stages and death might differ between elderly and non-elderly Medicare 

beneficiaries and because of the small number of deaths in those less than 65 years of age. 

We excluded two beneficiaries for whom key ADL variables were missing and three 

beneficiaries for whom key IADL variables was missing. Thus, 9695 persons were included 

in the analyses. This study was approved by the University of Pennsylvania’s institutional 

review board.
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Baseline ADL and IADL Stages

We characterized each respondent by baseline ADL and IADL stage using methods 

described previously.5,7 Ability to perform each ADL and IADL without versus with 

difficulty was ascertained at baseline based on responses to questionnaire items about six 

activities per domain.5,11 The ADLs were eating, toileting, dressing, bathing/showering, 

getting in or out of bed/chairs, and walking. The IADLs were using the telephone, managing 

money, preparing meals, doing light housework, shopping for personal items, and doing 

heavy housework.

Outcome

The outcome of interest was the occurrence and timing of death from any cause during the 

three-year follow-up period, as recorded in the Cost and Use files.

Covariates

We ascertained baseline covariates in four domains: sociodemographics, comorbidities, 

smoking, and psychological well-being and subjective health.

Sociodemographic variables included sex, race or ethnic group (non-Hispanic white, non-

Hispanic black, Hispanic, or other), and age (65–74, 75–84, or ≥85 years). Education was 

categorized as high school graduate or higher or below high school graduate. Income was 

categorized as ≤$25,000 or >$25,000 per year. Social living circumstance was classified as 

lives alone, lives with spouse, lives with children, or other.

Baseline self-reported comorbidities were conditions or events that a doctor ever told the 

beneficiary had or occurred within the past year. With some of the conditions noted in Table 

2, we also assessed relationships with acuity, i.e., initial diagnosis within the past year or 

more than a year ago. The medical conditions consisted of rheumatoid arthritis, arthritis 

other than rheumatoid, hypertension, myocardial infarction, angina or coronary artery 

diseases, congestive heart failure, heart valve problems, rhythm disturbance, stroke, cancer 

other than skin, osteoporosis, broken hip, asthma or chronic obstructive pulmonary disease 

(COPD), Parkinson’s disease, amputation, diabetes type 1, 2, or other, mental retardation, 

Alzheimer’s disease, mental or psychiatric conditions, depression, hardening of the arteries, 

and incontinence/urinary catheterization. Sensory variables were having difficulty with 

vision and hearing. Smoking was assessed at baseline and classified as never, past, or 

current. Psychological well-being variables were ascertained at baseline and consisted of 

difficulty concentrating (yes or no), feeling sad or blue (all of the time, most of the time, 

some of the time, a little of the time, or none of the time), and lost interest or pleasure in 

social activities (yes or no).

Perceived overall health was recorded as excellent, very good, good, fair, or poor. 

Comparative general health status relative to a year ago was recorded as much better, 

somewhat better, about the same, somewhat worse, or much worse. Amount of time that 

health limited contact with friends and family during the past month was recorded as none, 

some, most, or all of the time.
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Analysis

All analyses incorporated the complex design of MCBS such as stratification, clustering, 

and weights.12 Baseline covariates were first examined among persons at different baseline 

ADL and IADL stages. Hazard ratios and 95% confidence intervals (CIs) for the 

associations between baseline ADL and IADL stage and three-year mortality were then 

estimated using proportional hazard models. A multivariable model for each domain (ADL 

or IADL stages) was fit as follows. 1) Unadjusted associations between three-year mortality 

and each variable were assessed. 2) An intermediate model was fit that included pre-

specified variables (age, gender, race, education, social living circumstances, hypertension, 

myocardial infarction, angina or coronary artery diseases, congestive heart failure, heart 

valve problems, rhythm disturbance, stroke, cancer other than skin, osteoporosis, broken hip, 

emphysema or asthma, Parkinson’s disease, obviously paralyzed, diabetes type 1, 2, or 

other, mental retardation, Alzheimer’s, mental or psychiatric conditions, depression, or 

hardening of the arteries, smoking, psychological status and mood, global health 

perceptions, comparative health to a year ago, and social consequences of health) as well as 

any variable associated with three-year mortality using a threshold of p<0.2 in the 

unadjusted models. 3) Covariates were then removed through backward selection one by one 

starting from the one with the largest p-value, until all p-values were <0.05.

The validity of the proportional hazards assumption was tested by examining an interaction 

term between each variable in the final model and follow-up time, classified as <1.5 years or 

≥1.5 years post baseline (1.5 years was chosen since it is the midpoint of three years). We 

included time interactions for each variable in any domain-specific model that had a p-value 

<0.05 before a final backward selection procedure was conducted to obtain the final models 

with main effects and interactions. Finally, to explore effects of potential collinearity 

between disability stage and perceived health status, we fit an additional Cox proportional 

hazard model excluding perceived health status variables. We used SAS version 9.4 (SAS 

Institute, Inc., Cary, NC) for descriptive analyses to compare the distribution of covariates 

according to ADL and IADL stage. We used the survey procedures of STATA/MP 13.1 

(Stata Corp, Inc., College Station, TX) for regressions to take into account the complex 

survey design.

RESULTS

Table 2 presents baseline characteristics of Medicare beneficiaries 65 years of age and older 

by ADL and IADL stage. As expected, the prevalences of many disabling conditions (i.e., 

rheumatoid arthritis, Parkinson disease, Alzheimer disease, depression) were associated with 

ADL and IADL stage, although not monotonically in all cases. Also as expected, the 

prevalence of excellent and very good perceived health status tended to be lower in those 

with higher disability stages, although not monotonically in all cases.

The overall mortality rate was 3.6 per 100 person years, and the cumulative incidence of 

mortality over three years was 10.3%. Both increasing ADL stage and increasing IADL 

stage were monotonically associated with unadjusted three-year cumulative mortality, 

although the differences between stage II and III were small in both the ADL and IADL 

staging systems (Table 2). This is also reflected in the similarity of the survival curves 
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(Figure 1a and b) for stages II and III, especially in the IADL staging system. Except for 

these similarities in the curves for stages II and III, there was early and strong separation of 

survival curves by ADL and IADL stage.

The interaction between ADL stage and follow-up time was not statistically significant in 

the model including health perception (p=0.42) or in the model excluding it (p=0.33), 

indicating that the assumption of proportional hazards by ADL stage was not violated. The 

same was true for IADL stage in the model including health perception (p=0.85) and 

excluding it (p=0.69). However, hazard ratios for several covariates varied by follow-up 

duration. Therefore, the results presented in Table 3 allow hazard ratios for these covariates 

to vary by follow-up duration. Table 3 presents adjusted hazard ratios (with 95% CIs) for 

all-cause three-year mortality for each ADL and IADL stage, both adjusting for and not 

adjusting for perceived health status. Consistent with the unadjusted survival curves, higher 

ADL and IADL stages were associated with higher adjusted hazard ratios for death, except 

that in the IADL models the hazard ratio for stage III was numerically lower than that for 

stage II.

DISCUSSION

Summary of Key Findings

The goal of this study was to assess the potential utility of ADL and IADL stages for 

population health applications by testing the hypothesis that disability stages5 are 

independent predictors of three-year mortality in Medicare beneficiaries 65 years of age and 

older. We observed strong and early separation of unadjusted survival curves by disability 

stage, except that survival curves for IADL stages II and III overlapped. In models assessing 

the independent associations of three-year mortality with ADL disability stage, we found 

nearly monotonic relationships. IADL stage was also independently associated with 

increased three-year mortality, with hazard ratios that were similar in magnitude to those of 

the ADL stages. Because stage III includes people whose disability patterns are outside the 

typical hierarchy, the observed non-fit of that stage was expected. Our results are consistent 

with those of prior studies that also found functional limitations to be associated with higher 

mortality.8,13–21

Significance of Findings

The findings of an association between MCBS-based ADL and IADL stages with three-year 

mortality are important because unlike earlier work with stages,7 this study used survey data 

that are collected on an ongoing basis, which permits the annual measurement of disability 

prevalence based on routinely collected data. Specifically, these staging systems will enable 

the ongoing analyses of samples representative of all non-institutionalized Medicare 

beneficiaries 65 years of age and older, which includes about 93% of all community-

dwelling US residents in this age group.22

Stage profiles derived from such metrics can be used to identify groups of beneficiaries who 

are similar with respect to both the severity and the nature of the activity limitation 
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experienced. For example, the IADL I cohort is by definition able to do all IADLs without 

difficulty except heavy housework, while the IADL IV cohort has difficulty in all IADLs.

There are a number of key clinical and policy implications of our findings. Particularly 

noteworthy are the findings that the hazard ratios for IADL limitations were of similar 

magnitude to those for ADL limitations. This implies that either ADL or IADL stages can be 

used to stratify populations by risk of mortality. Second, the relationship between disability 

stage and mortality was evident even after extensive adjustments for age, comorbidity and 

perceived health status variables. While these associations may be due to unmeasured or 

residual confounding rather than being causal, it remains possible that at least some of the 

individuals experiencing activity limitation may have had functional deficits that were 

remediable or even reversible, or may have faced access barriers that could be reduced or 

eliminated. Nevertheless, the strength of associations between disability stage and death 

might inform policy makers and health plan administrators who wish to identify subsets of 

the Medicare population who are at the greatest risk of death and who might benefit the 

most from interventions that ameliorate activity limitation. Further, such associations could 

facilitate the development of metrics for evaluating the success of economic, social, or 

health policies to help the disabled elderly. These metrics could support population 

surveillance applications such as those applied in Chart Books published periodically by the 

US Department of Health and Human Services,23 or as baseline or target measures for 

Healthy People objectives. Third, because self-reported ADL and IADL questions are easily 

collected from patients or family members, stage assessment might prove valuable as a 

clinical tool. Fourth, our findings of strong associations with mortality support the 

establishment of multivariable risk indices for mortality drawing on information from 

thousands of Medicare beneficiaries. Finally, early pilot work supports development of 

clinical tools for falls risk assessment, as well as for establishing the likelihood of nursing 

home placement and functional deterioration.24–27

Strengths and Limitations

A major strength of this study is its use of a representative sample of non-institutionalized 

Medicare beneficiaries, which makes its results broadly generalizable to the community-

dwelling US population 65 years of age and older. Other strengths of the study include the 

large size and breadth of the data, the routine collection of MCBS data, and the richness of 

the data available for adjustment. A potential limitation is that despite our best efforts to 

identify independent effects of disability itself, we cannot be certain that the observed 

associations with disability stage are due wholly to persons’ activity limitations rather than 

to unmeasured medical conditions and other factors that contribute to those limitations. It 

may be that disability acts as a proxy for poor health. Further, our results are not 

generalizable to persons residing in long-term care facilities or to those younger than 65 

years of age. There is also the potential for response bias and imperfect recall by 

participants. Although inclusion of proxies reduced selection bias it may also have increased 

measurement error.28
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Conclusion

We found that ADL and IADL stages are highly associated with three-year mortality. As 

healthcare organizations move increasingly toward seeking population health rather than 

focusing solely on health of the individual, these stages could prove valuable to 

rehabilitation and other health professionals. Future research should examine associations 

between MCBS-derived ADL and IADL stages and other adverse outcomes. The utility of 

adding disability stages to predictive indices to identify high-risk patients in clinical settings 

also deserves evaluation. Finally, it will be important to develop and evaluate disability 

prevention and management strategies to reduce the burden of activity limitation. Stage-

specific strategies might include patient-, family-, and community-level programs 

implemented in medical homes, accountable care organizations, and programs of all-

inclusive care for elders (PACE) targeted to increase ADL and IADL functioning and to 

reduce mortality.
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Figure 1. 
Figure 1a. Survival of Medicare Beneficiaries 65 Years of Age and Older by Activity of 

Daily Living (ADL) Stage Measured at Baseline

Figure 1b. Survival of Medicare Beneficiaries 65 Years of Age and Older by Instrumental 

Activity of Daily Living (IADL) Stage Measured at Baseline
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Table 1

Disability Staging System based on Activities of Daily Living (ADLs) and Instrumental Activities of Daily 

Living (IADLs) Derived from the Medicare Current Beneficiary Survey

Stage ADL Domain IADL Domain

Stage 0: No 
disability

Can eat, toilet, dress, bathe/shower, get in/out of bed 
or chairs, and walk without difficulty.

Can use the telephone, manage money, prepare meals, do 
light housework, shop for personal items, and do heavy 
housework.

Stage I: Mild 
disability

Eating, toileting, dressing, and bathing/showering are 
not difficult. May have difficulty getting in/out of bed 
or chairs and/or walking).

Using the telephone, managing money, preparing meals, and 
doing light housework are not difficult. May have difficulty 
shopping for personal items and/or doing heavy housework.

Stage II: Moderate 
disability

Eating and toileting are not difficult. May have 
difficulty dressing, bathing/showering, getting in/out 
of bed or chairs, and/or walking.

Using the telephone and managing money are not difficult. 
May have difficulty preparing meals, doing light housework, 
shopping for personal items, and/or doing heavy housework.

Stage III: Severe 
disability

Difficulty with eating and/or toileting but not with all 
ADLs.

Has difficulty using the telephone and/or managing money 
but not all IADLs are difficult.

Stage IV: Complete 
disability

All ADLs are difficult. All IADLs are difficult.
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