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An unprecedented number of adults in the
United States will reach late life over the next
few decades. The US Census Bureau projects
that by 2030 the number of older Americans
will exceed 70 million (20% of the popula-
tion),! and the vast majority of these individuals
will be living with multiple chronic conditions.?
The risks of disability increase markedly with
age and chronic illness, which in turn has conse-
quences for older adults’ quality of life.* Although
late-life disability prevalence declined over the
past quarter century, recent studies suggest such
improvements have paused and may reverse
course as the baby boom generation enters old
age.*° Significantly higher rates among disad-
vantaged groups also remain a concern.”

Consequently, late-life disability remains a
prominent public health matter® and main-
taining the ability of older adults to function in-
dependently in the community an important
goal.? Self-care and mobility activities—although
not the only targets of functional preservation—have
long been recognized as essential to older
adults’ well-being and to their continued social
and community participation and thus are of
particular interest. Public health professionals
play a unique role in addressing late-life dis-
ability by setting and monitoring population-
level goals, designing needs assessments for
communities, developing programs and poli-
cies to maximize functioning, providing infor-
mation to older adults and their caregivers,
and focusing on gaps for high-risk groups (e.g.,
minority, low-income populations).*

With respect to public health monitoring, for
example, Healthy People 2020 has targeted
a 10% reduction nationally (from a baseline
level of 29%) in the proportion of older adults
with moderate to severe limitations in daily
functioning. The Federal Interagency Forum
on Aging Statistics and the Centers for Disease
and Control and Prevention also track late-life
disability (the latter at the state level), and
community needs assessments to promote aging
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Objectives. To inform public health efforts to promote independent function-
ing among older adults, we have provided new national estimates of late-life
disability that explicitly recognize behavioral adaptations.

Methods. We analyzed the 2011 National Health and Aging Trends Study,
a study of Medicare enrollees aged 65 years and older (n=8077). For 7 mobility
and self-care activities we identified 5 hierarchical stages—fully able, successful
accommodation with devices, activity reduction, difficulty despite accommoda-
tions, and receipt of help—and explored disparities and associations with quality
of life measures.

Results. Among older adults, 31% were fully able to complete self-care and
mobility activities. The remaining groups successfully accommodated with de-
vices (25%), reduced their activities (6%), reported difficulty despite accommo-
dations (18%), or received help (21%). With successive stages, physical and
cognitive capacity decreased and symptoms and multimorbidity increased. Suc-
cessful accommodation was associated with maintaining participation in valued
activities and high well-being, but substantial disparities by race, ethnicity, and
income existed.

Conclusions. Increased public health attention to behavioral adaptations to
functional change can promote independence for older adults and may enhance
quality of life. (Am J Public Health. 2014;104:e88-e94. doi:10.2105/AJPH.2013.

301687)

preparedness have included such measures
(at the local level).""® Specific measurement
approaches vary. Healthy People 2020, for
instance, tracks the proportion of older adults
who report having difficulty by themselves and
without special equipment performing basic
activities of daily living (bathing or showering,
dressing, eating, getting in or out of bed or
chairs, walking, or using the toilet). The Centers
for Disease and Control and Prevention tracks
those who either are limited in their activities
or use special equipment because of a health
problem. Other programs focus on needing
help from another person with daily activities.
A common feature of these monitoring
efforts is that they do not permit distinctions
according to how older adults carry out daily
activities. For instance, the approaches do not
allow identification of individuals who have
successfully accommodated difficulties by us-
ing aids such as walkers and grab bars, which
older adults are increasingly adopting to foster

independent functioning,'*'® They also miss
altogether individuals who adjust their behav-
ior without recognizing difficulty, for instance
by dressing or walking less often (so-called
16,17)

preclinical disability ‘), an at-risk group for
whom intervention may delay or deter the
need for hands-on care. Hence, current efforts
overlook valuable opportunities for assessing
public health needs and evaluating program
impacts related to independent functioning.

To better address the extent to which public
health efforts can improve the lives of older adults,
a fuller spectrum of functional assessment is
needed. Using a new national survey of Medicare
beneficiaries, we have introduced a 5-category
hierarchy of late-life mobility and self-care limita-
tions. We have identified those who

1. are fully able;

2. have successfully accommodated declines
by using assistive technology or environ-
mental features;
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3. have reduced their activity frequency but
report no difficulty;

4. report difficulty doing activities by them-
selves, even when using any accommo-
dations they have in place; and

5. receive assistance from another person.

We demonstrate how underlying physical
and cognitive capacity and reports of multi-
morbidity vary by each successive category
and provide estimates of disparities for key
demographic groups. Finally, recognizing

the importance of integrating measures of
participation and quality of life into studies
of disability,18 we examine connections of the
new hierarchy we have developed to 2 such
indicators: participation restrictions and sub-
jective well-being. We focus our discussion on
the implications of our findings for public
health practice and for tracking population-
level care needs.

METHODS

Data are from the first (2011) round of
the National Health and Aging Trends Study
(NHATS). The NHATS drew a sample of adults
aged 65 years and older from individuals in
the Medicare enrollment file living in the con-
tiguous United States on September 30, 2010,
with oversamples by age and for Black, non-
Hispanic individuals. The enrollment file rep-
resents 96% of all older adults in the United
States; the 4% not represented include indi-
viduals who were born in another country and
never qualified for benefits and those who
remain on employment-related benefits (most
of whom are aged 65—-69 years).

The NHATS conducted interviews from May
through November 2011 (71% response rate).
The sample size for this analysis was 8077
persons, of whom 468 were nursing home
residents. Analytic weights adjusted for differential
nonresponse and produced national prevalence
estimates.'® We generated Medicare population
estimates (totaling 38.1 million) by applying esti-
mates of age-specific prevalence to enrollment file
totals by age when the sample was drawn.

In-person interviews, conducted in settings
other than nursing homes (n=7609), collected
detailed self-reported information on partici-
pants’ physical capacity, how participants carry
out activities of daily life, and their social,
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physical, and technological environment. Phys-
ical and cognitive performance batteries pro-
vided complementary measures of participants’
capacity, and additional survey questions
elicited self-reported information on various
topics including chronic health conditions, eco-
nomic status, participation restrictions, and
subjective well-being. The NHATS interviewed
proxy respondents when the sample person
could not respond (n= 583).20

Mobility and Self-Care Disability

The NHATS reengineered the classic activ-
ities of daily living measures.! For each activity
(going outside, getting around inside, getting
out of bed, eating, getting cleaned up, using
the toilet, and dressing), participants first re-
ported their use of devices or environmental
modifications (canes, walkers, wheelchairs,
scooters, grab bars, bath or shower seat, eating
and dressing devices) and help from another
person during the previous month. Respon-
dents who ever performed the activity without
help then reported about difficulty they had
in the last month when doing the activity alone
(with the particular devices or environmental
features named earlier, if used). For activities
other than getting out of bed, toileting, and
eating, participants also reported about changes
in the last year in the frequency with which
they performed the activity.

From these measures we created 5 hierar-
chical categories for each activity:

1. no device use, reduction in activities,
difficulty, or assistance (fully able);

2. device use but no reduction in activities,
difficulty, or assistance (successful ac-
commodation);

3. reductions in activities but no difficulty
or assistance (reduced activities);

4. difficulty performing activities (by oneself,
when using devices, if used) but no assis-
tance (difficulty); and

5. assistance from another person or, rarely,
not doing the particular activity (assistance).

We created a summary measure indicating
the lowest level of functioning across all 7
activities. For the summary measure, we com-
bined nursing home residents with the assis-
tance group and considered only nonmissing
cases (99.6% or more for each activity). All 7

activities have statistical properties that sug-
gest they belong in the scale (0.=0.93), and
a validation study demonstrated that similar
hierarchies have acceptable test—retest reli-

ability over a 2- to 4-week period.*?

Physical and Cognitive Capacity
Measures and Multimorbidity

The NHATS Physical Capacity Scale (0-12;
o.=0.88) builds on the traditional Nagi frame-
work but measures greater as well as more
limited functioning.23 Questions assessed
ability in the last month to carry out the fol-
lowing validated pairs of activities without
devices or help from another person: walk 6
blocks and 3 blocks, walk up 20 stairs and
10 stairs, lift and carry 20 pounds and 10
pounds, kneel down and bend over (without
holding on to anyone or anything), put a heavy
object on a shelf overhead and reach up over
head, and open a sealed jar using hands only
and grasp small objects.?* Participants who
reported they were able to do the first (more
difficult) activity in each pair skipped the follow-
up item. We gave participants 1 point if they
could carry out only the easier task and 2
points for the more challenging task.

We also developed a self-reported symptom
scale (0-12; o.=0.81) that measured pain;
exhaustion; breathing problems; limited strength
or movement in shoulders, arms, or hands;
limited strength or movement in hips, legs,
knees, or feet; and balance or coordination
problems.? Individuals received 1 point if they
experienced the symptom in the last month
and 2 points if it limited their activities.

The NHATS also included several established
physical performance measures: a 3-meter usual
walking speed test, 5 balance tests, rapid chair
stands, grip strength using a handheld dyna-
mometer, and peak airflow. Following prior
studies,?* we combined usual walking speed,
balance tests, and rapid chair stands into the
Short Physical Performance Battery (SPPB;
range = 0—12). For each test, we used quartiles
to assign values 1 to 4, and we assigned O to
individuals meeting exclusion criteria related to
functioning, unable to complete a test, or not
attempting it for safety reasons. We followed
similar procedures for coding grip strength
(range = 0—4) and peak airflow (range = 0-4).2%

We imputed missing scores for the physical
performance measures (5%-10% for components
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and 139% for the SPPB) multiple times (K= 10)
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After determining which sources of income the
respondent (and spouse or partner) had, in-
terviewers asked respondents to report amounts,
offering bracketed ranges to those who did
not know or refused. A final item asked about
total income from all sources with a bracketed
range again offered as needed. We used the
imputed total income value provided on the
NHATS public use file, which filled in missing
values for 13% of individuals within a reported
bracketed value and 31% within an imputed
bracketed value.*® We constructed quartiles with
cutpoints at $15 000, $30 000, and $60 000.

Participation Restrictions and Subjective
Well-Being

We constructed a dichotomous indicator of
participation restrictions that takes into account
individual preferences for different types of
activities. For visiting in person with friends
or family; attending religious services; partici-
pating in clubs, classes, or other organized ac-
tivities; and going out for enjoyment, if the
sample persons valued the activity (a lot or
somewhat) and their health or functioning kept
them from doing the activity in the last month,
we considered them to have a participation
restriction. We also considered those who re-
ported that their health or functioning kept
them from working, volunteering, or carrying
out their favorite activity to have a restriction.

For self-respondents (n=7026) we created
a scale of subjective well-being (0-22; o.=0.74)
from 4 items reflecting positive and negative
emotions (frequency from every day to never in
the last month of feeling cheerful, bored, full of
life, or upset) and 3 reflecting self-realization
(extent of disagreement with statements about
purpose in life, self-acceptance, and environ-
mental mastery).>' Factor analysis confirmed
that these items formed 1 factor with loadings
0.47 or higher. (An additional item about per-
sonal growth did not scale with the others, and
we therefore omitted it.) We imputed cases
with missing values (< 2%) according to the
procedure we have described and reverse-
coded items as necessary so that O indicated
low well-being.

RESULTS

Among the 38.1 million older adults en-
rolled in Medicare, only 12.0 million (31.0%)
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were fully able (without accommodation, diffi-
culty, or help) to carry out all self-care and
mobility activities (Table 1). More than 9.0
million (24.5%) had successfully accommo-
dated and another 9.1 million either had re-
duced their activity level but did not report
difficulty (2.1 million; 5.6%) or had difficulty
carrying out activities alone (7.0 million; 18.4%).
The remaining 7.7 million (20.5%) had re-
ceived assistance in the last month with at least
1 task (including 1.1 million nursing home
residents).

The distribution of older adults across this
spectrum varied by activity (Table 1). For in-
stance, 90.0% of older adults were fully able
to eat by themselves, whereas only 53.8%
of older adults were fully able to bathe by
themselves. Successful accommodation was
highest for bathing and toileting (most often
using grab bars, bath seats, and raised toilet
seats; data not shown) and lowest for eating
and dressing. Having reduced activity was most
common for going outside (7.0%), whereas
difficulty was highest for getting out of bed
(14.0%) and assistance most common for going
outside (11.3%) and dressing (9.9%).

The categories in the proposed spectrum
were hierarchical and largely distinct (Table 2).
Mean mobility performance (SPPB) scores,
for instance, fell progressively with each suc-
cessive category, ranging from 8.6 (of 12.0) for
those in the fully able category to less than
3.0 for the group who received assistance.
SPPB components followed this pattern, as
did grip strength, peak airflow, memory tests,
and self-reported measures of physical capac-
ity, symptoms, and multimorbidity. Within
the intermediate categories, distinctions were
statistically significant for the SPPB, walking
speed, and self-reported measures. Moreover,
those who limited their activities had similar
balance and chair rise scores to those who
successfully accommodated, and similar strength
and cognitive capacity scores to those who
reported difficulty, suggesting the category was
appropriately placed.

The proportion of the population that fell into
each stage of the spectrum shifted dramatically
with age (Table 3; *=876.5; P<.001). For
instance, about 44.6% of individuals aged 65
to 69 years were fully able to carry out mo-
bility and self-care activities independently,
whereas only 4.0% of those aged 90 years or

TABLE 2—Physical and Cognitive Capacity Scores and Number of Chronic Conditions by Stage in the Late-Life Disability Spectrum: National Health and Aging Trends Study,

United States, 2011

Test or Scale (Range)

Rapid Chair Stands Balance Stands Grip Strength Peak Airflow

Chronic Conditions

Delayed Word Recall Physical Capacity ~ Symptoms

Immediate Word

Usual Walking
Speed (0-4), Mean

SPPB (0-12),

(12-0), Mean  (0-13), Mean

(0-12), Mean

(0-10), Mean

(0-4), Mean (0-4), Mean Recall (0-10), Mean

(0-4), Mean

(0-4), Mean

Mean

Level

1.9*
24*
2.7*
3.2*%

1.5%
22%

11.3*

3.9%
3.6*

5.2*
5.0
4.6

2.8*
2.5*
22

22*

2.8*
2.3*
21

3.0*
25

2.7*
22

2.9*
2.5*
22%
2.0*

8.6*
72

Fully able

10.1*

*

Successful accommodation

3.3*
5.3*

9.2*
7.9*

31

2.4%
2.1*

2.1*
1.5%

6.7*
5.6*

Activity reduction

3.3*

4.6*

1.9*

Difficulty (by oneself, with

accommodations, if used)

6.5 41

22 42

32

1.6

1.3

1.0

0.7

1.0

Assistance from others

7609) represents the aged non-nursing home-based Medicare population.

Short Physical Performance Battery. The sample (n

Note. SPPB

*P<.01 for test of difference from next (lower) functioning group.
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older did so, consistent with a linear decline. By
contrast, the percentage who received assis-
tance increased exponentially from 11.0%
among those aged 65 to 69 years to nearly
61.7% among those aged 90 years or older.
Two of the intermediate groups showed a pat-
tern of gradual increase with age, peaking
among those aged 75 to 84 years for successful
accommodation and among those aged 80 to
84 years for difficulty despite accommodations,
before declining at older ages. Reductions in
activity were relatively rare across all age
groups (4.5%—7.0%).

Only 24.3% of older women, compared with
40.0% of men, were fully able to carry out
activities. They were also more likely than were
men both to receive assistance (24.8% vs 14.7%)
and to successfully accommodate (26.0% vs
22.5%). Blacks and Hispanics, but not other
minorities (who are mostly Asian), and those
in the 2 lowest income quartiles were much
less likely than were others to be fully able or
to successfully accommodate but were more
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TABLE 3—Stage in the Late-Life Disability Spectrum by Age, Gender, Race, and Income Quartiles: National Health and Aging Trends Study,
United States, 2011
Difficulty (by Oneself,
Successful Activity With Accommodations
Characteristic No. Fully Able Accommodation Reduction if Used) Assistance From Others Total sz P

Age, y 876.5, <.001

65-69 1417 44.6 224 49 17.1 11.0 100.0

70-74 1610 39.0 244 6.0 17.7 12.9 100.0

75-79 1569 274 29.2 6.2 19.1 18.1 100.0

80-84 1590 19.7 27.1 5.3 21.8 26.1 100.0

85-89 1067 10.2 21.8 7.0 19.2 41.8 100.0

>90 824 4.0 15.2 45 14.6 61.7 100.0
Gender 271.9, <.001

Male 3285 40.0 225 48 18.0 14.7 100.0

Female 4792 243 26.0 6.2 18.7 24.8 100.0
Race/ethnicity 146.5, <.001

White, non-Hispanic 5498 31.4 26.4 5.1 18.3 18.9 100.0

Black, non-Hispanic 1788 21.0 17.7 7.4 20.8 27.2 100.0

Hispanic 471 213 13.0 9.2 18.0 325 100.0

Other 320 373 20.5 6.3 16.9 19.0 100.0
Income quartile, $ 581.8, <.001

Lowest (< 15 000) 2229 226 19.2 74 20.8 30.1 100.0

Second (15 000- < 30 000) 1968 25.2 234 74 22.5 21.6 100.0

Third (30 000- < 60 000) 1891 34.2 29.4 5.0 18.6 12.8 100.0

Highest (=60 000) 1521 45.0 28.3 3.7 14.3 8.8 100.0
Note. The sample for age, gender, and race/ethnicity (n = 8077) represents the aged Medicare population, and the sample for income quartiles (n = 7609) represents the aged non-nursing home-
based Medicare population.

likely to reduce their activity level, report
difficulty (Blacks), and receive assistance.

As shown in Figure 1a, the proposed spec-
trum had a strong relationship with both par-
ticipation restrictions (bars; P<<.001) and mean
well-being (line; P<.001) scores. For instance,
only 9% of those fully able to carry out mo-
bility and self-care activities had a participation
restriction, and at the other end of the spec-
trum, 64% of those who received help with
such tasks were restricted. These relationships
did not simply reflect age; to the contrary,
patterns were much flatter when examined
by 5-year age groups (Figure 1b). Moreover,
models including both limitation and age cate-
gories (not shown) demonstrated significant
relationships with these outcomes only for
limitations.

Note that those who had successfully ac-
commodated reported only modestly higher
rates of participation restrictions than did those
who were fully able (14.7% vs 8.7%) and
similar well-being scores (18.0 vs 18.4).

DISCUSSION

We have provided new national estimates of
self-care and mobility limitations among older
adults along a spectrum that incorporates
adaptation to functional decline. Our findings
suggest that one third of the population aged
65 years and older are fully able to carry
out self-care and mobility activities, half are
managing without assistance to varying de-
grees of success, and the remaining fifth receive
assistance from another person with mobility
or some aspect of self-care. Importantly, for
the first time, to our knowledge, with national
data we have been able to distinguish 3
groups—amounting to nearly half the older
population—who are not fully able but are
managing without assistance. Previous national
studies,* which yield estimates of difficulty
without help or special equipment of 20%
to 27% for older adults living in the commu-
nity and up to 29% if the institutional popula-
tion is included appear to miss a substantial
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fraction of this group. Moreover, we have
demonstrated associations with participation
and well-being that are independent of age.

A limitation of our study is its cross-sectional
perspective. However, as future rounds of
the NHATS become available, the investiga-
tion of individual pathways through the pro-
posed spectrum as well as determinants and
consequences of distinct pathways will be
possible. In addition, although we have dem-
onstrated descriptive associations among
disability, participation restrictions, and subjective
well-being, further investigation into the extent
and nature of causal connections is needed.

Nevertheless, the proposed hierarchy
may be helpful for developing, targeting, and

February 2014, Vol 104, No. 2 | American Journal of Public Health

a mmmm Participation restriction, %
70 7] | === Mean well-being score
- 20
60
501 15
40 s
8 10 8
301 A
20 1 .
10
0- -0
Q & g
¢ b'z’\o é\o*‘ éy} &
Q
N o N o
< ((\@ < \Qﬁ ‘<\°
& 4© &6 &
NG ?S:”\ _‘&\c @o
& > &
o S
& ¥
(_)Q
Disability Spectrum Stage
70 o | = Participation restriction, %
= Mean well-being score L
60 - 20
50 L 15 o
o\o 40 4 ’6
30 -10 A
20
r5
104
0- -0
o x ) »\ ) QO
P M
Age, Years
FIGURE 1—Percentage of older adults with participation restrictions and mean well-being
scores by (a) stage in the late-life disability spectrum and (b) age: National Health and
Aging Trends Study, United States, 2011.

evaluating the effectiveness of public health
policies and programs to curb disability and its
negative consequences in late life. Two groups
not previously discernible may be especially
important targets for public health interven-
tions—the 7.0 million older adults who have
difficulty carrying out activities alone with
whatever accommodations they have already
made and the additional 2.1 million who have
reduced their activity level but do not experi-
ence or acknowledge difficulty. Identification
of these individuals opens up the possibility
of intervening to fortify individuals’ capacity
to carry out these basic activities (e.g,, through
strength or endurance programs designed to avert
deconditioning) and, in cases where restoration

of capacity is not possible, to encourage safe
and independent use of accommodations (e.g.,
through home environment or assistive tech-
nology programs).

The 9 million older individuals identified
as successfully accommodating mobility or
self-care activities are also a new group of
special interest. Among the activities included
here, toileting and bathing were most often
successfully accommodated, typically through
the use of grab bars and other simple envi-
ronmental features such as raised toilet seats
and bath or shower seats. Such features may
accommodate underlying declines in capacity
and also prevent progression if they avert, for
example, debilitating falls.

Findings suggest that those who are Black
or Hispanic and have a low income may be
most important to target with interventions
promoting successful accommodation. Com-
munities where minority and low-income groups
are prevalent may be especially fruitful targets
for programs that promote home modifica-
tion and identification of assistive devices suited
to the individual’s needs and capacities. Nota-
bly the use of technological approaches to ad-
dress functional decline is not associated with
substantially reduced quality of life; to the
contrary, adults who successfully accommo-
date seem on average to have levels of partic-
ipation and subjective well-being close to those
of persons who are fully able. Future research
should investigate whether interventions that
foster successful accommodation, particularly
among minority groups and past the peak ages
of 75 to 84 years, yield payoff not only for
independent functioning but also for continued
participation and well-being into very late life.

Finally, our analysis has implications for
tracking and interpreting population-level trends
in late-life disability prevalence. After many
years of steady decline, the United States has
experienced a plateau in late-life disability pre-
valence, and recent studies portend a possible
reversal in direction.*”® Medical and public
health advances are thought to be partly re-
sponsible for declines before 2000, but re-
searchers have not been able to discern whether
more older adults are reaching late life fully
able to carry out daily activities or are better
able to accommodate deficits in capacity.
Reasons for the recent leveling off are equally
unclear. As the NHATS continues to track the
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self-care and mobility limitation spectrum we
have introduced, more nuanced investigations
of factors driving trends can be undertaken
and projections accordingly fine-tuned. Indeed,
better characterizing the care needs of the
growing older population is a critical step in
maximizing functioning—and quality of life—for
all older adults. m
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