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Maintaining Mobility in Late Life

I. Demographic Characteristics and Chronic Conditions

Jack M. Guralnik,' Andrea Z. LaCroix,2 Robert D. Abbott,® Lisa F. Berkman,*
Suzanne Satterfield,? Denis A. Evans,® and Robert B. Wallace’

To assess the role of demographic factors and chronic conditions in maintaining
mobility in older persons, this study utilized longitudinal data collected as part of the
Established Populations for Epidemiologic Studies of the Elderly between 1981 and
1987 on 6,981 men and women aged 65 years and older in East Boston, Massachusetts;
lowa and Washington counties, lowa; and New Haven, Connecticut. Results are
presented for those who at baseline reported intact mobility, defined as the ability to
climb stairs and walk a half mile without help, and who were followed annually for up
to 4 years for changes in mobility status. Age, income, education, and chronic conditions
present at baseline and occurring during follow-up were evaluated for their association
with loss of mobility. Over the follow-up period, 55.1% of subjects maintained mobility,
36.2% lost mohility, and 8.7% died without evidence of mobility loss prior to death. In
both men and women, increasing age and lower income levels were associated with
increased risk of losing mobility, even after controlling for the presence of chronic
conditions at baseline. After adjustment for age, income, and chronic conditions, lower
education levels were a significant risk factor for mobility loss in men, but not in women.
Baseline reports of previous heart attack, stroke, high blood pressure, diabetes,
dyspnea, and exertional leg pain were associated with small but significant risks for
mobility loss. There was a stepwise increase in the risk of mobility foss according to
the number of chronic conditions present at baseline that was very consistent between
men and women. The occurrence during the study of a new heart attack, stroke,
cancer, or hip fracture was associated with a substantially greater risk of mobility loss
than was associated with the presence of these conditions at baseline. Am J Epidemiol
1993;137:845-57.

activities of daily living; aged; chronic disease; demography; education; income; pro-
spective studies

The impact that the future aging popula-
tion will have on the health care system and

on society in general will be related in large
part to the level of functioning, loss of in-
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dependence, and need for long-term care of
those living to the oldest ages (1). In an
attempt to understand factors associated
with both disability and retention of higher
levels of functioning in older persons, a
number of studies have approached this im-
portant issue by using data from a variety of
available prospective studies (2-9).

Previous studies have added to our under-
standing of factors associated with func-
tional outcomes in older persons, but a num-
ber of their methodological aspects may be
improved upon. These studies typically em-
ployed various definitions of functioning
that used a series of questionnaire items to
create composite, multidimensional out-
come measures that may make it difficult to
understand the effect of risk factors on spe-
cific aspects or domains of functioning.
Some did not exclude those with poor func-
tional status at baseline. The available data
in previous studies restricted assessment of
the functional outcome to a single point in
time after baseline. Such an approach may
miss important but transient changes in
functional status. Furthermore, these studies
did not consider the occurrence of new dis-
ease events during the course of follow-up
that may be major determinants of func-
tional loss.

In this study, three cohorts from the Es-
tablished Populations for Epidemiologic
Studies of the Elderly were evaluated to as-
sess the role of demographic characteristics
and chronic conditions in maintaining mo-
bility in those aged 65 years and older. In
the accompanying paper by LaCroix et al.
(10), the role of behavioral risk factors on
maintaining mobility is evaluated. These
studies have a number of methodological
strengths. The functional outcome being in-
vestigated is mobility, defined as the ability
to walk some distance and climb stairs. This
outcome was chosen because of its critical
importance to older people in the preserva-
tion of independence and high quality of life
and because of its simplicity, making inter-
pretation of results clearer than for many
previous studies. Data from the annual fol-
low-up interviews with study participants
allowed for a more complete assessment of

the persistence of high function over time.
Moreover, this study distinguishes between
prevalent chronic conditions at baseline and
the occurrence of new disease events during
follow-up, such as heart attack, stroke, and
hip fracture. Finally, data from this study
are from three community-based prospec-
tive studies that provide the largest sample
available to date for determining the predic-
tors of functional loss and give the oppor-
tunity to assess consistency of results across
the three communities.

MATERIALS AND METHODS
Study populations

Data from older adults in three commu-
nities of the Established Populations for Ep-
idemiologic Studies of the Elderly were stud-
ied for this report. The Established Popula-
tions for Epidemiologic Studies of the
Elderly are collaborative longitudinal studies
of men and women aged 65 years and older
living in the community, initiated and
funded by the Epidemiology, Demography,
and Biometry Program of the National In-
stitute on Aging. Baseline household inter-
views were conducted between 1981 and
1983 in East Boston, Massachusetts; New
Haven, Connecticut; and lowa and Wash-
ington counties in rural lowa. The details of
the methods used in the surveys have been
described previously (11).

Briefly, trained interviewers conducted
the initial household interview to collect in-
formation on demographic characteristics,
medical history, the use of prescription and
nonprescription drugs, health behaviors, and
functional status. Surrogate or proxy in-
formants were interviewed for those subjects
who were unable to respond for themselves
(4.4 percent). Interviews were sought from
all people aged 65 years and older in the
community in East Boston and rural lowa;
initial interviews were completed with 3,809
subjects in East Boston (85 percent of eligi-
ble respondents) and 3,673 subjects in rural
TIowa (80 percent of eligible respondents).
The study population in New Haven was
drawn from a stratified random sample de-
fined according to type of housing (public
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or private), with an oversampling of men.
Initial interviews were completed with 2,812
New Haven subjects (82 percent of eligible
respondents).

During a 4-year follow-up period com-
pleted in 1987, updated information was
ascertained at annual interviews on func-
tional status, the occurrence of selected med-
ical conditions in the previous year, and
nursing home admissions. These were con-
ducted by telephone in the first, second, and
fourth years of follow-up and by an in-
person household interview in the third year
of follow-up. Vital status of all participants
during follow-up was ascertained through
information collected at the annual inter-
view and by local surveillance mechanisms
such as monitoring obituary notices and
state vital statistics records. Ascertainment
of vital status was nearly 100 percent com-
plete at all sites. Among those initially inter-
viewed, the response rates for the follow-up
interviews were above 90 percent in each
community.

Classification of mobility status at
baseline and follow-up

Mobility was classified using two ques-
tions modified from the Rosow-Breslau
functional status questionnaire (12): Are you
able to walk up and down stairs without
help? Are you able to walk a half mile with-
out help? Those answering yes to both ques-
tions at baseline were classified as mobile,
while those answering no to either or both
questions were classified as having impaired
mobility.

Those who were mobile at baseline were
considered to have maintained mobility dur-
ing follow-up if they responded yes to both
mobility questions at each annual follow-up
interview. If data on mobility were missing
at a single interview but the respondents
gave affirmative answers to both questions
at all subsequent annual interviews, they
were considered to have maintained mobil-
ity. For the purposes of the analyses pre-
sented here, respondents were considered to
have lost mobility if they or their proxies
reported a need for help in stair climbing or

in walking a half mile at any of the follow-
up interviews.

At baseline, 2,622 (68.8 percent) of those
in East Boston, 2,677 (72.9 percent) of those
in Iowa, and 1,928 (68.6 percent) of those
in New Haven were classified as mobile.
Data on mobility were missing for 327 per-
sons (3.2 percent) over all three sites. Of
those 7,227 individuals classified as mobile
at baseline, 246 (3.4 percent) had data miss-
ing during follow-up on mobility or vital
status, leaving 6,981 persons in this analysis.
During the 4 years of follow-up, mobility
was maintained by 3,847 persons (55.1 per-
cent). Mobility was lost by 2,526 (36.2 per-
cent), and in 608 (8.7 percent) death oc-
curred with no evidence of loss of mobility
prior to death. In the three communities,
mobility was maintained by 56.8 percent in
East Boston, 62.4 percent in lowa, and 42.5
percent in New Haven.

Risk factors for maintaining mobility

From the baseline interview, annual in-
come was classified as less than $5,000,
$5,000-$9,999, or $10,000 and greater. Re-
spondents were asked for the highest grade
or year of school they had completed. Edu-
cational attainment was classified as 8 years
or less, 9-12 years, or more than 12 years.

At baseline, history of heart attack, stroke,
cancer, and hip fracture was considered pos-
itive if the participant had ever been told of
the presence of this condition by a health
professional and had been hospitalized over-
night or longer for the condition. Partici-
pants were further queried about the pres-
ence of diabetes, high blood pressure, arthri-
tis or joint pain, pain in either leg on
walking, and shortness of breath that re-
quired the individual to stop and rest (dysp-
nea). Angina was considered present if there
was chest pain, pressure, or heaviness in the
chest brought on by walking up a hill or on
level ground, a definition previously found
to be prognostically equivalent to the full
Rose questionnaire definition of angina (13).

Data on income were missing for 14.9
percent of subjects and on education for 2.0
percent. In multivariate models, separate in-
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dicator variables for missing data were in-
cluded so that those subjects with missing
data would be retained in the analysis. From
4.1 to 5.6 percent of participants were miss-
ing data on arthritis, leg pain on walking,
shortness of breath, and angina, and for
these subjects separate indicator variables
for missing status were also used in multi-
variate analyses. All other chronic condi-
tions had less than | percent missing data,
and those with missing data on these vari-
ables were imputed as not having the con-
dition.

Newly occurring conditions were assessed
at each follow-up interview by asking partic-
ipants if, since the last interview, they had
been told by a health professional that they
had had a heart attack or stroke or that they
had cancer, diabetes, and hip fracture, Heart
attack, stroke, cancer, and hip fracture were
considered to be present only if participants
also responded that they had spent overnight
or longer in the hospital for this condition.

Statistical analysis

To help describe the relation between im-
portant observations that were made at
study enrollment and the probability of re-
maining mobile, subjects who were mobile
at baseline were followed for up to 4 years
for evidence of loss of mobility. Proportions
that remained mobile were then estimated
according to demographic characteristics
and the presence and absence of each
chronic condition. All rates were calculated
separately for men and women, and when
derived by levels of factors other than age,
rates were age-adjusted (14).

To evaluate the independent effect of the
various demographic characteristics and
each chronic condition on the incidence of
immobility, proportional hazards regression
models were used (15, 16). These models
evaluated the effect of independent variables
on time to loss of mobility. Those surviving
with no evidence of mobility loss were cen-
sored at 4 years, those dying with no evi-
dence of mobility loss were censored at the
time of their death, and those lost to follow-
up were censored after their last interview.

Regression models were estimated sepa-
rately by study site and separately for men
and women. Overall estimates of relative
risk were calculated from proportional haz-
ards regression models stratified by com-
munity, using the BLOCK option of the SAS
PHGLM procedure to obtain summary es-
timates across the communities (17). The
impact of multiple chronic conditions, or
comorbidity, on loss of mobility was evalu-
ated in proportional hazards models that
employed four indicator variables (indicat-
ing the presence of one, two, three, or four
or more conditions) and used “no condi-
tions” as the reference category.

Change in the status of five chronic con-
ditions in the course of follow-up was mod-
eled as a time-dependent risk factor. Since
follow-up assessments of new disease events
occurred on a yearly basis, the time an event
occurred could not be determined exactly.
As a result, the effect of the development of
a new condition was updated once a year,
which meant that new baselines and under-
lying hazard functions were established at
the beginning of each year of follow-up.

Estimates of relative risk and 95 percent
confidence intervals were derived based on
the corresponding regression coefficient for
each demographic characteristic and chronic
condition. Relative risks were estimated sep-
arately for conditions that were prevalent at
the baseline interview and for those condi-
tions that developed in the course of follow-
up. All tests of significance were two-tailed.

RESULTS

Table | shows the sample size, demo-
graphic  characteristics, prevalence of
chronic conditions at baseline, and occur-
rence of chronic conditions during follow-
up for men and women at each site who
were classified as mobile at baseline and had
follow-up data on mobility and vital status.
The mean age was 73.1 years, with a range
of 65-103.

Table 2 shows the percentage remaining
mobile during follow-up according to age
group and the age-adjusted percentage re-
maining mobile during follow-up according
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TABLE 1.

Demographic characteristics and prevalence of chronic conditions at baseline, and occurrence

of chronic conditions during follow-up (percent), Established Populations for Epidemiologic Studies of the

Elderly, 1981-1987

East Boston, MA lowa New Haven, CT
Men Women Men Women Men Women
(n=1,077) (n=1407) (n=1,085 (n=1544) (n=2884) (n=984)
Demographic characteristics (%)
Age (years)
65-74 69.0 719 64.2 60.4 61.1 61.1
75-84, 25.3 25.0 30.1 348 30.8 324
=85 5.8 31 5.6 48 8.1 6.5
Income (dollars)*
=$10,000 28.4 14.6 47.2 31.7 294 14.4
$5,000-9,999 48.4 43.3 251 30.1 39.3 329
<$5,000 11.2 264 9.6 16.9 215 40.4
Education (years)*
>12 9.0 5.6 14.8 22.5 17.9 13.3
9-12 422 48.6 40.0 459 329 36.1
=8 445 42.4 448 31.0 481 48.5
Baseline chronic conditions
(% with condition)
Heart attack 125 5.8 18.0 55 13.5 7.0
Stroke 4.9 1.6 5.0 42 5.0 34
Cancer 10.6 16.6 12.6 13.3 10.5 155
Diabetes 14.9 10.8 101 79 1.1 104
High blood pressure 320 451 315 453 36.3 48.2
Hip fracture 23 1.4 1.7 34 2.7 29
Angina 8.5 9.7 9.1 6.3 8.8 8.2
Dyspnea 24.2 26.1 29.2 19.4 27.8 26.6
Arthritis 25.0 30.9 55.6 56.9 284 46.5
Leg pain 28.4 32.6 15.5 13.9 29.4 29.7
Follow-up conditions (%
reporting new occur-
rence over 4 years)
Heart attack 8.6 45 44 3.0 6.1 44
Stroke 46 3.6 6.3 34 3.5 39
Cancer 11.3 6.8 1.1 6.4 7.7 55
Diabetes 5.7 46 4.3 32 2.7 3.8
Hip fracture 1.9 1.4 1.1 27 11 27

* Total does not add to 100% because of missing data.

to income, education, and the presence of
chronic conditions. There was a strong age
gradient in the maintenance of mobility at
each site, with those aged 75-84 and 85 years
and older showing significantly less proba-
bility of remaining mobile. Compared with
higher income, low income was associated
with significantly lower rates of maintaining
mobility at all sites, as was middle-income
level in men in East Boston and New Haven

and women in Iowa and New Haven. Com-
pared with those with more than 12 years of
education, those with less than 8 years were
significantly less likely to maintain mobility,
except for women in New Haven. For the
chronic conditions, a significant increase in
the percentage of men and women at all sites
who maintained mobility was associated
with the absence of heart attack, diabetes,
high blood pressure, angina, dyspnea, and
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TABLE 2. Age-adjusted percentage remaining mobile over 4 years according to demographic
characteristics and chronic conditions at baseline, Established Populations for Epidemiologic Studies of the
Elderly, 1981-1987

East Boston, MA lowa New Haven, CT
Men Women Men Women Men Women
Demographic characteristics

Age (years) .

65-741 66 64 73 73 56 50

75-84 40* 42+ 50* 49* 33* 20%

=85 21* 30* 23* 16* 7* 9*
Income (dollars}

=$10,0001 63 65 69 71 54 53

$5,000-9,999 53* 55 59 61* 43* 43*

<$5,000 49* 51* 56* 58* 40* 39+
Education (years)

>12t 67 62 74 69 57 50

9-12 56 55% 63 62* 45* 42

=8 53* 54* 60* 61* 42* 41

Chronic conditions

Heart attack

Yes 40* 38* 49* 46* 31* 27*

Not 58 55 66 64 48 43
Stroke

Yes 36* 37+ 45* 46* 28 26

No 56 55 64 64 47 43
Cancer

Yes 52 55 60 64 42 43

No 56 54 64 63 46 42
Diabetes

Yes 44* 41* 51% 50* 34* 30*

No 57 56 65 64 47 44
High blood pressure

Yes 51* 49* 59* 58* 41* 38*

No 58 59 65 67 48 47
Hip fracture

Yes 46 44 55 53* 37 32

No 56 55 63 63 46 43
Angina

Yes 40* 37 50* 46* 31* 26*

No 57 56 66 65 47 44
Dyspnea

Yes 41* 42+ 53* 51* 33* 31*

No 60 59 70 67 51 47
Arthritis

Yes 54 49* 64 62 44 39*

No 56 57 66 68 46 46
Leg pain

Yes 46* 43* 55+ 50* 37+ 31*

No 59 60 67 66 50 47

* Significantly different from reference group, p < 0.05.
1 Reference group; for chronic conditions, reference group does not have the condition.
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exertional leg pain. The absence of stroke
was significantly associated with higher rates
of maintaining mobility in men and women
in two of the three sites. Arthritis was asso-
ciated with maintenance of mobility in
women in only two sites. Men and women
with no history of hip fracture had higher
rates of maintaining mobility at all sites, but
this was statistically significant only for
women in lowa. History of cancer at base-
line was not associated with maintaining
mobility.

To assess the independent effects of vari-
ables examined in table 2, demographic
characteristics and the eight chronic condi-
tions that were significant predictors of mo-
bility in at least two sites were entered into
a proportional hazards model. Results are
shown for each site separately, and a com-
munity-stratified summary is presented (ta-
ble 3). Results were quite consistent across
sites. The community-stratified summary
showed a twofold increase in risk of losing
mobility for each 10-year increase in age.
Compared with those with high income,
both men and women with low or medium
incomes were 1.3-1.5 times as likely to lose
mobility. Even after adjustment for income,
men with low and medium levels of educa-
tion continued to have 1.5 times the risk of
losing mobility as did men with a high level
of education. There was no increased risk
according to educational status in women.
When all varables in the model were con-
trolled for, there were modest increases in
relative risk of losing mobility (relative risk
= 1.5 or less) for all chronic conditions
except arthritis. The risk was significantly
elevated in the community-stratified analy-
sis for heart attack, stroke, high blood pres-
sure, diabetes, dyspnea, and exertional leg
pain.

At each site there was a stepwise increase
in the risk of losing mobility with increasing
number of chronic conditions (table 4).
Overall, those persons who were mobile at
baseline but had four or more conditions
were nearly three times as likely to lose mo-
bility as those with no conditions at baseline.

The impact of conditions occurring dur-
ing follow-up was examined by evaluating

the associations of new heart attack, stroke,
cancer, and hip fracture events and first
report of diabetes with loss of mobility at
any time after the report of those events
(table 5). The strongest predictors of mobil-
ity loss were for new hip fracture and stroke
events. Heart attack and cancer also were
significantly associated with loss of mobility.
Newly diagnosed diabetes showed no asso-
ciation with the mobility outcome. This
model also incorporated variables represent-
ing the presence of these five conditions at
baseline. Those baseline conditions that
were predictive of mobility loss (table 3) had
similar relative risks in the model shown in
table 5 and continued to be significantly
associated with loss of mobility even after
controlling for new events.

DISCUSSION

The ability to remain mobile is fundamen-
tal to overall functioning and the mainte-
nance of independence in older persons. For
those who were mobile at baseline and who,
therefore, were included in these analyses,
the loss of mobility over a relatively short
follow-up period is an important change in
functional status with potentially cata-
strophic consequences. Other research has
shown that gait and balance problems are
important predictors of falls in older persons
(18, 19) and that impaired mobility, defined
in the same way as in this study, is a predic-
tor of hip fracture (20). In a community-
based study, use of an ambulation aid was
among the most important predictors of in-
stitutionalization (21). In our study cohort,
those with impaired mobility at baseline had
an eightfold higher prevalence of limitations
in activities of daily living, threefold greater
prevalence of two or more chronic condi-
tions, and, during follow-up, had signifi-
cantly higher rates of both institutionaliza-
tion and mortality than did those who were
mobile (data not shown).

This study demonstrates that increasing
age, low income and education, and specific
chronic conditions are predictive of an in-
creased risk of losing mobility. Income and
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education were independently associated
with mobility outcome in men. In women,
only income was associated with the out-
come after controlling for educational status
and chronic conditions. The association of
measures of socioeconomic status with a
functional status outcome has been demon-
strated in a number of other studies (4-8).
In this study, the associations found for in-
come and education remained significant
even after controlling for a long list of im-
portant chronic conditions. This is analo-
gous to previous research that found that
known risk factors for coronary heart disease
could not fully account for the association
of socioeconomic status and cardiovascular
mortality (22, 23). Part II of this study, by
La Croix et al. (10), examines the relation
of current health practices to maintenance
of mobility, taking income and education
into consideration. Our results highlight the
need to understand much more fully factors
such as lifelong health practices and access
to medical care that may be responsible for
poorer functional outcome in older persons
with low income and education.

Five baseline cardiovascular conditions
(heart attack, stroke, dyspnea, exertional leg
pain, and high blood pressure) were associ-
ated with significantly increased risk of mo-
bility loss. The report at baseline of having
been diagnosed with a heart attack imparted
a small (20-30 percent), yet significant, in-
crease in the risk of losing mobility. In two
other studies (5, 7), self-report of heart dis-
ease was not significantly associated with
maintaining high levels of functioning, al-
though in the study by Mor et al. (7) the
relative risk for heart disease for losing high
function was greater than in this study. The
Framingham Heart Study (24) examined the
association of specific manifestations of cor-
onary heart disease and disability and found
angina pectoris to be a stronger predictor of
disability than was found in this study. The
designs of the two studies differed, however,
in that the Framingham Heart Study did not
determine level of functioning at baseline or
at any time during the follow-up period prior
to the assessment done on survivors at the
end of the study period.

Stroke, dyspnea, and exertional leg pain
were the baseline conditions associated with
the highest risk of mobility loss in this study.
In case series, stroke has been demonstrated
to have a large impact on functional status
in a high proportion of survivors (25-27). In
an analysis of data from the Longitudinal
Study on Aging, baseline report of stroke
was found to be significantly associated with
loss of functioning in those with initially
high functional status (7). Analyses of data
from the Framingham Heart Study showed
a significant association of stroke with disa-
bility in men and women, but showed that
stroke explained a larger percentage of the
variance in physical disability in men (28).
Another analysis of Framingham data
showed that, among a number of functional
outcomes studied, the need for the help of
another person with ambulation was nearly
four times as common in those with stroke
compared with a nonstroke control group
(29). Dyspnea was not significantly associ-
ated with functional decline in the Alameda
County Study, but it was assessed at baseline
when the cohort was mostly middle aged
and had a low prevalence of dyspnea (5).
Exertional leg pain has not previously been
identified in a population-based study as a
risk factor for functional decline.

Hypertension was found to be a predictor
of mobility loss in this study and a significant
predictor of functional decline in several
other studies (5-8). This association per-
sisted even after the major manifestations of
hypertension, which would be presumed to
cause functional decline, heart attack, and
stroke, were included in the model (table 3).
Additional adjustment for new heart disease
and stroke events that occurred during fol-
low-up did not alter this association (results
not shown). Further research is needed to
explain the association of hypertension with
functional decline. Possible explanations in-
clude the adverse effects of antihypertensive
drug therapy and the interaction of hyper-
tension or drugs used to treat it with other
diseases.

Diabetes was found to be a significant
predictor of mobility loss in this study and
in that of Mor et al. (7) despite the fact that
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its effect was adjusted for the presence of
cardiovascular diseases for which it is an
important risk factor. This would imply that
other manifestations of diabetes, such as
peripheral neuropathy and retinopathy, may
play a role in its impact on functional de-
cline. Further research, specifically focused
on diabetics, would be useful in elucidating
how the many manifestations of this disease
cause disability in older persons.

No relation was found between arthritis
and loss of mobility. The questions used to
assess arthritis did not specify the involved
joints, and positive responses were therefore
given by those with any arthritis, including
upper extremity arthritis. In analysis of data
from the Longitudinal Study on Aging, in
which arthritis as diagnosed by a physician
was specifically queried, arthritis was both
cross-sectionally (30) and prospectively (6,
7) associated with disability. It is likely that
far more information than has been avail-
able in large epidemiologic studies will be
needed to fully appreciate the association of
joint disease and disability. For example, a
study that focused on arthritis of the knee
demonstrated that the magnitude of the as-

sociation of arthritis and disability was de-,

pendent on specifically how the diagnosis
was made (31).

No other study of functional outcomes
has looked at new disease events occurring
during the follow-up period. The evaluation
of prevalent disease at baseline cannot dis-
tinguish whether functional decline is re-
lated to a new occurrence of the discase
(which is more likely in someone who al-
ready has had one occurrence) or if it simply
results from steady decline associated with
the chronic disease state that was present at
baseline. Our study showed that, among
those diseases for which yearly information
was available, there were differing relations
of past and new disease with loss of mobility.
For heart attack and stroke, both a history
of the event and a new event were indepen-
dently predictive of mobility loss, even after
adjustment for both past occurrence and a
new event in the same model (table 5). In
both cases, the risk of mobility loss associ-
ated with a new event was substantially

higher than that associated with baseline
report of the condition. For diabetes, only
past history, and not new diagnosis, was
associated with mobility loss, while for hip
fracture and cancer, only a new occurrence,
and not a past history, was associated with
mobility loss.

These results are very informative about
the effects of these important diseases on
disability. A history of heart disease and
stroke put subjects at increased risk of func-
tional decline, whether or not a new event
occurred. Diabetes, in contrast, exerted a
long-term effect on loss of mobility, but
newly diagnosed diabetes was probably not
present for long enough to exert an adverse
effect over a 4-year follow-up period. For
those with a history of hip fracture or cancer
at baseline who had remained mobile or had
regained mobility prior to baseline, their
prior condition put them at no added risk
of mobility loss, but those who suffered a
new event, especially a hip fracture, carried
a high risk of mobility loss.

Comorbidity has been shown previously
in cross-sectional studies (30, 32) to be
strongly associated with disability, but its
effect in prospective epidemiologic studies
has not been evaluated. This study demon-
strated a clear increase in risk of mobility
loss with an increasing number of chronic
conditions, with the level of risk very similar
for men and women. The importance of
comorbidity in the older population, even
in those who are highly functional, can be
inferred from these findings. This study rep-
resented the burden of disease very simplist-
ically by summing the number of condi-
tions, without considering the specific con-
ditions or severity of the conditions, yet even
$0, a strong association of comorbidity with
functional decline was found.

The strengths of this study lie in its pro-
spective design and its use of large popula-
tions that were free of mobility limitation at
baseline and were followed for a period of
time sufficient for a large number of events,
defined as mobility loss, to occur. The high
initial response rates, low rates of loss to
follow-up, and consistency of results across
the three communities and between men
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and women support the generalizability of
the findings.

Because the main objective of this study
was to identify factors associated with main-
taining mobility, the endpoint selected was
the loss of mobility at any point during the
follow-up. We did not investigate individ-
uals who at one time point lost and then
later regained mobility as a separate sub-
group (17.8 percent of all those who lost
mobility). However, our results were un-
changed when this subgroup was excluded
from analyses. Although not a focus of this
study, identification of the factors associated
with regaining function after an initial loss
is an area that merits its own investigation.

The main limitation of the study is that
data on baseline and newly occurring
chronic conditions and mobility were self-
reported. Although participants were asked
whether a physician or other health care
provider had told them of the presence of a
disease, this was not independently con-
firmed. In the case of self-reported hip frac-
ture, it has been demonstrated in the New
Haven cohort that 94 percent of all self-
reported hip fractures were verified by re-
view of hospital records (20). These results
and those of other studies (33) indicate that
self-report is often an accurate indicator of
disease status in older persons. However, a
systematic bias, in which those who under-
or overreported chronic conditions also sim-
ilarly under- or overreported mobility limi-
tation, would result in an overestimate of
the associations found in this study. No mea-
sures of disease severity, which may be very
important in explaining the role of disease
in functional loss, were available in this
study.

The modest or absent risk of functional
decline in those with conditions at baseline
raises the possibility that older adults who
maintain or regain function in the face of
major health events are likely to sustain
mobility for a number of years. For example,
although a new hip fracture was shown to
lead to loss of function in this and other
studies (34), our study showed that for those
with a history of hip fracture who regained
mobility, their hip fracture history did not

put them at added risk of functional decline.
For those with a previous heart attack who
were mobile, there was only a small increase
in risk of functional decline. In considering
interventions to reduce long-term functional
decline in those with potentially disabling
conditions, it would be important to evalu-
ate further whether the low risk of functional
decline in those who have initially recovered
function is simply related to the severity of
underlying disease and of the initial event or
whether rehabilitation to the point of little
or no disability will lead to iong-term main-
tenance of function.

Further work utilizing the mobility defi-
nition employed here would be valuable and
practical, as the two questions defining mo-
bility have been used in similar or identical
form in other prospective aging studies. The
mobility domain taps an area of higher func-
tioning than the activities of daily living and
is therefore more appropriate for commu-
nity-based studies. Furthermore, it is more
specific as to what it represents than the
widely used scale of higher functioning, the
instrumental activities of daily living, which
assesses activities such as shopping and pre-
paring meals. Because mobility evaluates the
higher end of the functional spectrum, its
study may provide a clearer picture of
disease-disability associations than investi-
gations of the severe end of the functional
spectrum, in which long-standing chronic
diseases and disability may be more difficult
to sort out,
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