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Abstract
Objective—To examine how persons move back and forth along levels of mobility disability.

Design—Self-reported mobility limitations were used to create categories of annual transition
states. The total cost to Medicare associated with each year was calculated for each participant. In
addition, we examined cost relative to transition state, adjusting for demographic and other health
status variables.

Setting—National survey.

Participants—Participants in the longitudinal Medicare Current Beneficiary Survey from 1992
to 2005.

Interventions—Not applicable.

Main Outcome Measures—Annual self-reported mobility limitations and total Medi costs.

Results—Most participants remained without mobility limitations or improved over time.
Reported average costs were 10 times higher for those who transitioned to severe limitations,
unable to walk, or death compared with persons who reported no mobility limitation. Estimated
costs were highest for those transitioning to increased states of disability and to death.

Conclusions—Mobility limitations in older adults are dynamic, and improvement (as measured
by annual transitions) occurred for a large number of Medicare beneficiaries. High total annual
costs were observed in groups that transitioned to worsening mobility states, suggesting a link
between mobility limitation transitions and cost. Prevention and treatment of mobility limitation
may be an important factor to consider in health care reform.
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The concept that disability is either a fixed state or an inevitably worsening process is
engrained in our culture and reinforced by definitions of work disability that require long-
term limitations to qualify for payments. However, a significant amount of research1-3 and
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contemporary models of functioning suggest that disability is not necessarily a stable
condition.4 Although many persons may become more limited over time, a considerable
number also recover. This concept has become increasingly important as we gather more
knowledge about the needs of people with disabilities regarding delivery of health care
services, satisfaction with care, and associated costs.5-7 What is missing in the literature is
an in-depth examination of the probabilities and factors that are associated with disability
transitions and the medical costs that may be required to move along the continuum of
functioning. A better understanding of this process may help clinicians identify and treat
persons with disabilities, and inform policymakers of the disability-related costs in the
health care delivery system.

Transition probabilities (the probability of moving from one disability state to another) have
been estimated for outcomes related to stroke, osteoarthritis, general health status, and
activities of daily living.3, 8-11 There has been some examination of the influence of age
suggesting that the oldest adults rarely improve.9 However, other studies, which have
evaluated the influence of sex and race on transitions, have produced no consistent
findings.1, 8, 10 Diehr and Patrick11 examined self-rated health states for older adults in a
longitudinal study. Transition probabilities were found to vary by initial health state, age,
and sex. More recent use of transitions has focused on disability in older ages, for those 75
years and older.12 However, although the authors examined longitudinal data (1982-1994),
their analysis was limited to 4 states: disabled, nondisabled, nursing home, and deceased.
They did not find any consistent trends in their study, although results suggested that few
persons were returning to a nondisabled state over time. Other researchers examining trends
in disability have found a decreasing prevalence of disability over time.13, 14

In this project, we estimate the transition probabilities among various levels of mobility
limitation in older adults. We chose to assess mobility limitations because this domain
typically precedes development of limitations in activities of daily living15 and is the
strongest predictor of self-perceived disability.16 In addition, it has few floor and ceiling
effects, and because of its tight link to falls, it is highly associated to health care costs.17, 18

Using the MCBS, we estimated the probabilities of transition among mobility limitation
states in the Medicare population. We evaluated the relationship between those transitions
and total Medicare costs incurred during the year between the 2 mobility assessments.
Finally, we estimated total cost based on individual characteristics, including type of
transition of mobility limitation.

METHODS
Survey Sample

The sample was composed of persons who participated in the MCBS from 1992 to 2005.
This ongoing national survey selects a representative sample from all Medicare beneficiaries
enrolled during a calendar year by using a multistage sampling procedure, which divides the
United States into 107 geographic primary sampling units, each composed of a group of
counties. Primary sampling units are subdivided into zip code areas, within which
systematic random samples stratified by age are collected. Participants are enrolled in the
MCBS for up to 4 years (5 years in the first years of the survey) and are interviewed
regarding various aspects of their health status (once a year) and health care utilization (2
more interviews 4 months apart). Demographic and health status variables are collected in
the autumn quarter, while survival and health-related costs refer to the entire year period.
More details about the MCBS study design can be found at
http://www.cms.hhs.gov/MCBS/.19
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Data Description
Data were drawn from responses of participants 65 years or older at the time of their first
interview. The number of participants per calendar year varied from 10,000 to 17,000, and
most years had 12,000 to 13,000 participants. Proxy respondents varied from 10% to 13%.
Each participant had from 1 to 4 interviews, with some (2.9% of the sample) having 5
interviews. The variable number of interviews per person was primarily due to the study
design, as MCBS enrollees in the last few years of available data had not completed a full 4
years of follow-up. Death was another reason for not having a full follow-up period.
Participants could have declined to continue to participate in the MCBS; the data available
do not contain this information. Only participants who had a minimum of 2 consecutive
interviews were included in this study. Nonresponse rates for variables included in the study
were minimal (<2% across all variables), with the amount of missing data noted in tables.

Mobility limitation status of each participant was obtained during the yearly interview.
Mobility limitation was defined according to the algorithm developed by Shumway-Cook et
al, 18 resulting in 5 limitation categories: none, mild, moderate, severe, and does not walk.
The algorithm was developed using the following 4 walking-related questions: “Do you
have any difficulty walking?” “Do you have any difficulty walking one fourth of a mile?”
“Do you need help from a person to walk?” and “Do you use equipment to walk?” persons
who reported no difficulty with walking any distance were categorized as “none” (no
limitation). Those who had no difficulty walking, but had difficulty walking 2 to 3 blocks, or
reported difficulty walking but did not need help or equipment were categorized as mild
limitation. Persons who had difficulty and used equipment, but did not need personal help
were categorized as moderate limitation, and those who had difficulty and needed personal
help with walking were categorized as having severe limitation. Persons who reported not
walking were categorized as “does not walk”.

For each individual, the MCBS files have costs for health care that were paid by Medicare
during the calendar year in which the person was enrolled in the survey. MCBS provides
data on yearly costs for the following categories of service: inpatient, medical provider,
outpatient, prescription medication, dental, facility, and institutional. Because it is not
possible to find which of the costs were specifically related to mobility limitations, we used
the total cost per year (the summary of all categories), after adjusting for inflation (all data
presented are in 2005 dollars). For descriptive analyses and stratification of the sample, we
included the following additional variables assessed at each yearly interview: age, sex,
education level (less than high school vs high school graduate or higher education), income
level (<$25,000 vs ≥$25,000/y), marital status (married vs not married), living status (living
alone vs not living alone), living setting (living in the community for part or all of the year
vs living in a facility for the entire year), self-reported health status (fair, poor, good, very
good, or excellent health), and number of comorbidities (none, 1, 2, 3, or 4 or more of 18
self-reported medical conditions such as high blood pressure and arthritis).

Transition States and Estimation of Transition Probabilities
The 5 mobility limitation categories plus the category “death” constituted the set of all
possible states that could be reported in a yearly interview.18 A mobility transition was
defined as a set of 2 states: the first representing the person’s mobility state at an interview,
and the second representing the mobility state in the subsequent interview (1 year later). In
initial analyses, each person could contribute up to 4 transitions, depending on the number
of interviews in which the person participated and whether the person died during a certain
year. Death is an absorbent state because no further transitions are possible. Transitions
could occur in several ways. For example, a participant could report (1) no mobility
limitation in one year and mild limitation in the next year (getting worse); (2) moderate
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limitation in one year and mild in the next year (getting better); (3) moderate limitation in
one year and die during the next year in the MCBS (going to the absorbent state and not
contributing to any subsequent transitions); or (4) a limitation status that remains the same in
both years (no change). The probability of transition from an initial state to another was
estimated as the number of observed transitions of that type divided by the total number of
transitions in that initial state. In the second set of analyses, only those participants who
contributed a minimum of 3 years of data (2 transitions) were included, such that the
transition from year 1 to year 2 could be compared with the transition from year 2 to year 3.

Statistical Analysis
Descriptive analyses were performed for all variables in the study. Estimates of the
transition probabilities were calculated as described above. Initially, using all transitions
from each person, we calculated estimates and presented them in transition probability
matrices.20 In addition, to examine group differences in the probability of moving from no
mobility limitations to another state, we stratified the estimation of transition probability by
sex, education, and income level across age. Those differences are presented graphically.
Second, we also looked for patterns over time using 2 transitions (based on 3 interviews).
Participants were classified as “no change, ” “worsening, ” and “becoming better” according
to their mobility transition from interview 1 to 2, and tables of estimate transition
probabilities were created for the transition from interview 2 to 3.The first transition for each
individual (from interview 1 to interview 2) was used to estimate the median total cost per
individual and to estimate total costs for Medicare.

To assess the possible effect of transitions on costs, we estimated individual total cost by
using the Heckman Full Information Maximum Likelihood model.21, 22 This model uses a 2-
equation regression framework: one equation to estimate the probability of having any cost,
and another equation to estimate the level of cost in the logarithm of dollars (log[cost]) for
those people who had any costs. Both equations adjusted for the following explanatory
variables: (1) variables constant through the follow-up period (sex, race); (2) variables
observed at interview 1 (age, income level, general health, living situation, number of
comorbid conditions); and (3) variables that included change between the first and second
interview (mobility transitions categorized into 5 groups: no mobility limitation at both
times, no change in limitation [same limitation level at both times], worsening [increasing
limitation], becoming better [decreasing limitation], and death occurring before the second
interview). Setting was included only in the second model because nearly all persons in
facilities had some cost, and that variable would not discriminate between having cost or
not. To compare the total costs for groups defined by transition type, we used the Duan
Smearing estimate, 23 which uses the results from the second equation to back-transform the
logarithm of costs into costs in dollars. Means and SDs of the estimated costs for a specific
group of persons were then calculated.

Statistical significance level was set to α=.05. PASW 18.0 for Maca and STATA/SE 11.0
for Macb were used for data analysis.

RESULTS
Demographics

A description of the sample can be found in table 1. The majority of the sample was female,
white, and married. More than 25% of the sample endorsed having 4 or more comorbid
conditions, and about 97% of the sample lived in the community at least for part of the year
(vs a facility for the entire year).
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Transition Probabilities
Table 2 shows the estimates of transition probabilities using all observed transitions in the
data set. Results suggest that most persons who begin with no mobility limitation remain
free of mobility limitation over a 1-year transition (estimated probability, .778). For those
with mobility limitations in the first year, we observe a considerable proportion of people
who remain in the same state or move to adjacent states (better or worse).

To explore the influence of age, sex, poverty level, and education on the mobility
limitations, for the group of people who did not have mobility limitations in the first year,
we estimated transition probabilities for the next year by age while stratifying by sex,
poverty level, and education. Instead of showing the data in many different tables, we chose
to present it graphically after dichotomizing the mobility levels. Figure 1 shows the
estimated probabilities of remaining without mobility limitation by sex, level of education,
and income level across age. For example, figure 1A shows the estimated probabilities by
sex (triangles for women and dots for men). The solid line is a smooth line for the data from
men, and the dashed line is for women. Women were generally less likely to remain without
mobility limitation compared with men, and the oldest group (85y and older) had the highest
probabilities of transition to death. Generally, across all ages, men (see fig 1A), more
educated participants (see fig 1B), and those with an annual income of more than $25,000
(see fig 1C) reported remaining without mobility limitation more often than women, less
educated participants, and those with a lower income. The discrepancy is larger for
education and income level than for sex.

To allow for full exploration of a participant’s multiple transitions over time, we also looked
at the data in a longitudinal fashion. From the initial 41,267 participants, 41,199 had
information for mobility status in the first and second interviews. From these, 27,228
(66.1%) did not make a transition in status, 6848 (16.6%) made a transition to worse status,
4799 (11.6%) made a transition to a better status, and 2324 (5.6%) died within that year.
Table 3 shows the estimated transition probabilities from second to third interviews for 3
groups: (1) participants who had no transition from first to second interview, (2) participants
who worsened from first to second interview, and (3) participants who became better from
first to second interview. Cells with a thick border represent no mobility transition from
second to third interview, whereas cells highlighted in gray represent transitions that
continue the pattern observed in the previous transition. For example, a person who did not
have a transition from first to second interview and who reported mild limitation at the
second interview had a probability of .667 to remain in the mild limitation category, and of .
128 to move to the no-limitation category in the third interview. In this group, not having a
previous transition would increase the probability of continuing in the same level of
limitation in the third interview. For group 2, there was a large probability that a person
reported improved mobility limitation in the third interview after reporting deterioration
from the first to the second interview. For group 3, there was a large probability of
deterioration in mobility status in the third interview after reporting an improvement from
the first to the second interview. These results suggest that groups 2 and 3 are more unstable,
moving from one level of mobility limitation to another (in either direction) with higher
probabilities than group 1. The data in table 3 for groups 2 and 3 suggest that persons with a
previous transition are more likely to have a transition in the subsequent year than persons
who did not have a transition in the first year of follow-up, showing that the most likely
mobility limitation path is not monotonically increasing in severity. There may be some
period during which the persons go back and forth between mobility limitation states.
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Cost per Group Defined by Mobility Transitions
Using only data from the first mobility transition of each participant in the MCBS, we
calculated the percentage of Medicare beneficiaries who had each type of transition. For
each group defined by transition type, we calculated the median cost for persons and the
total cost for Medicare for those groups. We show the median values in table 4, with rows
highlighted where mobility limitations were reported to be the same in both years. For
example, 39.98% of participants reported no mobility limitations in interview 1 and no
mobility limitations in interview 2, whereas 9.02% of participants reported no mobility
limitations in interview 1 and mild mobility limitations in interview 2. In those groups, the
median costs for the year for an individual were $1779 and $2907, respectively. At an
individual level, median costs for Medicare beneficiaries increased as levels of mobility
limitations in either interview increased, and as one transitioned to worse mobility levels.

The median total cost for Medicare was estimated for each of the groups defined by
transitions from interview 1 to 2 (see table 4, last column). We used the total population of
35,633,683 Medicare beneficiaries 65 years and older for 2005 as the basis for the total cost
estimated for Medicare. For example, 39.98% of 35.6 million represents 14.25 million of
that population who remained without mobility limitation, with an estimated total cost of
more than $25 billion (14.25 million × $1779). Overall, approximately $25 billion was
estimated to be spent on persons with no mobility limitation, $42 billion on persons with
stable (no change) levels of mobility limitation, $28 billion on those who worsened, $15
billion on those who improved, and $23 billion on those who died.

Estimated Total Cost by Mobility Group
We sought to explain the cost based on characteristics of the individual, including age, sex,
race, socioeconomic status, general health, living situation (alone vs not alone),
comorbidities, and transition state. Using the 2-part model, we estimated the cost for each
individual in the sample, and averaged those costs for persons within the same mobility
transition group (no limitations, no change in limitations, worsening, becoming better, and
death). The average and SD of those estimates are shown in table 5. Results show that
transition to death in a given year has the highest average cost and variation within the group
(as measured by the SD), followed by worsening of disability status. Persons with no
mobility limitations had the lowest average cost and least variation.

DISCUSSION
Our findings reveal several interesting facts about adults in the United States, 65 years and
older, who have mobility limitations. First, there is a great deal of stability and improvement
in mobility. For any given initial mobility state, most respondents were most likely to either
remain in the same state in the next year or actually improve. This fact even holds true when
we examine the third year transitions for those whose mobility worsened between years 1
and 2, highlighting the dynamic nature of disability. Second, the probability of mobility
disability transitions differs based on sex, education, and household income. At all age
groups, women, those with less education, and those with less income were more likely to
transition from no mobility limitation to some level of limitation.

Mobility transitions are also associated with significant health care costs. In our cohort,
more than $133 billion in medical expenditures were recorded. Not surprisingly, per capita,
the least expensive “transition” was from no limitation to no limitation. Although 40% of the
entire cohort placed in this category, they only accounted for 19% of the total costs. In
general, costs were lower for those who ended up with mild or moderate limitations,
regardless of where they started. Those who ended up with severe limitations or who died
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had up to 10 times the costs of those with no mobility limitations. Fifty percent of the costs
were borne by those who did not alter their status from one year to the next, 21% of costs
were for those who got worse, 11% for those who got better, and 17% for those who died.
Estimated costs based on individual characteristics provided additional support for the
conclusion that highest costs are associated with worsening of disability and death.

Our results have certain policy implications. As the United States considers ways to reform
its health care delivery system, our findings suggest 2 truths about disability. First, mobility
limitation is an important predictor of health care costs even after controlling for many other
patient characteristics. Thus it should be considered an essential factor when trying to design
incentives for providers or estimate capitated payments. New health care delivery initiatives,
such as the medical home, need to account for mobility limitations in their models or risk the
creation of a selection bias against persons with disabilities. Second, mobility limitations
may be reversible, but this comes at a cost. In our cohort, Medicare spent more than 7%
($9.4 billion) of its costs on those whose mobility improved. However, the costs of disability
progression are high as well. If all the costs in our study could be attributable to mobility
limitations, results show that Medicare could pay for approximately 10 adults for a year who
do not have mobility limitations with the money it costs to pay for 1 adult who transitions to
severe limitation. This suggests that prevention and reversing disability may be most cost-
effective over time. We do realize that health care costs are complex and are not only
generated by mobility limitations, but also other health conditions. However, comorbid
health conditions can often lead to mobility limitations or develop secondarily as a result of
mobility limitations. Even under these circumstances, a focus on prevention would be
beneficial. In this study, we examined only costs that occurred during the transition. We
recognize that a full analysis of costs, including those from the prior year, is important, but
is beyond the scope of the current article.

Study Limitations
Our study has limitations. Our definition of mobility limitation was based on self-report and
not on objective measures. Although this methodology is widely used in epidemiologic
studies, the possibility exists that it could have biased our results if there were differential
rates of inaccuracies between the persons in different mobility states. Second, we do not
know exactly when a disability transition occurred, only that it happened at some point in
the year before the person’s interview. This made it impossible to be precise about allocating
specific costs to specific mobility transitions. The MCBS does not contain specific
information to calculate a case mix. However, in the 2-part model, we included important
patient characteristics (such as age and comorbidities) that have been shown to be important
in explaining transitions. Finally, because MCBS only measured mobility limitation status
once a year, transitions may have occurred in between our 2 measurements that are
unaccounted for.

CONCLUSIONS
Our study has documented, for the first time, factors associated with mobility limitation
transitions. Women, persons with less education, and those with less income are at risk for
worse transitions after adjusting for other variables (including age). We have shown that
substantial numbers of adults improve and that mobility limitation, an important predictor of
health care costs, should play a role in health care reform both in designing payment systems
and in ensuring against potential bias against persons with disability.
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Fig 1.
Probability of remaining in the no-mobility limitation state by age and sex (A), education
level (B), and income level (C). Abbreviations: HS, high school; SES, socioeconomic status;
25K, $25,000.
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Table 1
Baseline Characteristics of the Sample

Characteristics Values

Sample size (N) 41,267

Age (y) 76.4±7.4
76.0 (65, 113)

Sex (% women) 58.4

Race (% whites) 87.1

Marital status (% married)* 51.9

Income (% with $25,000 or less) 68.4

Education level (% with < high school)
† 38.2

General health (% with fair or poor)
‡ 23.8

Living situation (% living alone) 31.8

Smoking status (% smoking now)
§ 11.2

Body mass index (kg/m2)
∥ 25.9±4.9

25.4 (10, 66)

No, of comorbidities (% in each
  category)

 0 13.2

 1 22.3

 2 22.4

 3 16.7

 ≥4 25.4

Setting (% in each category)

 Community 96.7

 Facility 2.3

 Both 1.0

No. of transitions contributed (% in each
  category)

 1 19.1

 2 71.0

 3 7.0

 4 2.9

Participants who died (n [%])

 During the first year 2324 (5.6)

NOTE. Values are mean ± SD, median (minimum, maximum), or as otherwise indicated.

*
28 missing values.

†
587 missing values.

‡
117 missing values.

§
202 missing values.

∥
527 missing values.
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Table 5
Estimated Cost of First Transition Including Individual Characteristics by Type of
Mobility Transition

Transition Type Cost* ($)

No limitation 4231±2073

No change in limitation 9580±6445

Worsening 10,292±6578

Becoming better 7731±4645

Death 25,923±22,239

NOTE. Values are mean ± SD.

*
Estimates of cost from 2-part model controlling for age, sex, race, socioeconomic status, general health, living situation, comorbidities, and

transition state.
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