
 

1068

 

·

 

N Engl J Med, Vol. 347, No. 14

 

·

 

October 3, 2002

 

·

 

www.nejm.org

 

The New England Journal  of  Medicine
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BSTRACT

 

Background

 

Functional decline in physically frail,
elderly persons is associated with substantial morbid-
ity. It is uncertain whether such functional decline can
be prevented.

 

Methods

 

We randomly assigned 188 persons 75
years of age or older who were physically frail and liv-
ing at home to undergo a six-month, home-based in-
tervention program that included physical therapy and
that focused primarily on improving underlying im-
pairments in physical abilities, including balance, mus-
cle strength, ability to transfer from one position to
another, and mobility, or to undergo an educational
program (as a control). The primary outcome was the
change between base line and 3, 7, and 12 months in
the score on a disability scale based on eight activi-
ties of daily living: walking, bathing, upper- and lower-
body dressing, transferring from a chair, using the toi-
let, eating, and grooming. Scores on the scale ranged
from 0 to 16, with higher scores indicating more se-
vere disability.

 

Results

 

Participants in the intervention group had
less functional decline over time, according to their
disability scores, than participants in the control group.
The disability scores in the intervention and control
groups were 2.3 and 2.8, respectively, at base line;
2.0 and 3.6 at 7 months (P=0.008 for the comparison
between the groups in the change from base line);
and 2.7 and 4.2 at 12 months (P=0.02). The benefit
of the intervention was observed among participants
with moderate frailty but not those with severe frailty.
The frequency of admission to a nursing home did not
differ significantly between the intervention group and
the control group (14 percent and 19 percent, respec-
tively; P=0.37).

 

Conclusions

 

A home-based program targeting un-
derlying impairments in physical abilities can reduce
the progression of functional decline among physi-
cally frail, elderly persons who live at home. (N Engl
J Med 2002;347:1068-74.)

 

Copyright © 2002 Massachusetts Medical Society.

 

From the Departments of Internal Medicine (T.M.G., H.A.) and Epide-
miology and Public Health (D.I.B., P.N.P., A.B.), Yale University School of
Medicine, New Haven, Conn.; the Department of Rehabilitation Services,
Yale–New Haven Hospital, New Haven, Conn. (M.G.); and the Department
of Veterans Affairs, Connecticut Healthcare System, West Haven, Conn.
(P.N.P.). Address reprint requests to Dr. Gill at the Yale University School
of Medicine, Dorothy Adler Geriatric Assessment Center, TMP 17B, 20 York
St., New Haven, CT 06504, or at gill@ynhh.org.

 

HE ability to perform activities of daily liv-
ing, such as bathing, dressing, and walking,
is essential to living independently. Despite
recent reductions in the prevalence of dis-

ability, the number of chronically disabled Americans
65 years of age or older currently exceeds 7 million.

 

1

 

Because disability is associated with increased mortal-
ity

 

2

 

 and leads to increased rates of adverse outcomes,

T

 

such as hospitalization, admission to a nursing home,
and use of formal and informal home services,

 

3-6

 

 it
places a substantial burden on elderly persons, informal
caregivers, and health care resources.

 

7,8

 

 Therefore, in-
terventions designed to prevent functional decline have
the potential not only to generate large health care
savings

 

9

 

 but also to lead to important reductions in the
physical, emotional, social, and financial problems at-
tributable to disability.

Previously studied interventions have focused large-
ly on the restoration of function in disabled elderly
persons undergoing rehabilitation after an acute med-
ical event, such as a stroke or hip fracture. There have
been relatively few attempts to evaluate strategies
aimed at the prevention of functional decline in frail,
elderly persons who have not had an acute illness or
injury (strategies known as “prehabilitation”). Because
elderly persons with impairments in physical abilities
are at high risk for the development of functional de-
cline,

 

10-12

 

 they may be particularly good candidates for
preventive interventions.

We conducted a randomized clinical trial of a home-
based program designed to prevent functional decline
in a high-risk group of physically frail, elderly persons
who lived at home. Our primary aim was to determine
whether the intervention improved the ability of these
elderly persons, relative to those in a control group,
to perform essential activities of daily living. Our sec-
ondary aim was to identify the subgroups of this eld-
erly population that benefited most from the inter-
vention.

 

METHODS

 

Study Population

 

Complete details of our recruitment procedures have been de-
scribed elsewhere.

 

13

 

 We used two strategies to identify physically
frail, elderly persons 75 years of age or older from busy primary care
practices in southern Connecticut. In the first, potential participants
were screened for physical frailty during routine office visits; in the
second, potential participants were identified from a roster of pa-
tients and were screened for physical frailty in their homes. Physical
frailty was defined according to the results of two tests of physical
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abilities that are strongly associated with the development and pro-
gression of disability.

 

11,12,14

 

 Persons were considered physically frail
if they required more than 10 seconds to perform a rapid-gait test
(i.e., to walk along a 10-ft [3.0-m] course and back as quickly as
possible) or if they could not stand up from a seated position in a
hardback chair with their arms folded. Persons meeting one of these
criteria were considered moderately frail, and those meeting both
criteria were considered severely frail.

 

12

 

Persons were ineligible for the study if they were unable to walk,
were undergoing physical therapy or participating in an exercise
program, did not speak English, had a diagnosis of dementia or
scored less than 20 on the Mini–Mental State Examination (on
which possible scores range from 0 to 30, with lower scores indi-
cating worse cognitive status),

 

15

 

 had a life expectancy of less than
12 months, or had had a stroke, hip fracture, or myocardial infarc-
tion or had undergone hip- or knee-replacement surgery within the
previous 6 months.

Of the 216 persons determined to be eligible, 188 (87 percent)
agreed to participate. Eligible persons who declined to participate
did not differ significantly from those who did agree to participate
in terms of age, sex, level of physical frailty (moderate or severe), or
recruitment strategy (during an office visit or from a roster). Ran-
dom assignment to the intervention group or the control group was
performed within strata, defined according to the level of physical
frailty and the recruitment strategy, with the use of a computer-gen-
erated algorithm. Oral informed consent was obtained from all the
participants according to procedures approved by the Yale Human
Investigation Committee.

 

Assessments

 

Base-line and follow-up assessments were completed by a team of
four research nurses who had no role in the intervention and who
were unaware of the study hypothesis and of the participants’ group
assignments. The nurses underwent intensive training and followed
standardized procedures, which were outlined in a detailed manual.
All the data were collected on standardized forms.

In addition to data on physical frailty and cognitive status,

 

15

 

 self-
reported information was collected at base line with regard to 10

physician-diagnosed chronic conditions

 

13

 

 and eight activities of daily
living: walking, bathing, upper- and lower-body dressing, transfer-
ring from a chair to a standing position, using the toilet, eating, and
grooming.

 

13

 

 On the basis of previous research,

 

16

 

 performance on
each task was scored as follows: 0, if the participant had not needed
help with the task and had not had difficulty with it during the pre-
ceding month; 1, if he or she had had difficulty but had not needed
help; and 2, if he or she had needed help, regardless of the difficulty
of the task. A summary disability score, with a range of 0 to 16,
accounted for all eight activities.

 

13

 

 An increase of two points on this
scale could represent a transition from independence without diffi-
culty to dependence with respect to a single activity of daily living
or from independence with difficulty to dependence with respect to
two activities. These transitions are associated with an increased risk
of admission to a nursing home or death.

 

16

 

Self-reported data on activities of daily living, along with informa-
tion on nursing home admissions, were again collected at 3 months
(during a telephone interview) and at 7 and 12 months (during face-
to-face interviews). All nursing home admissions were confirmed
by review of the medical records. Data on potential adverse events
were also collected at 3, 7, and 12 months.

 

Intervention Group

 

Table 1 summarizes the features of our home-based intervention
program, which has been described in detail elsewhere.

 

17

 

 A physical
therapist assessed each participant for potential impairments in phys-
ical abilities and assessed the participant’s home environment. De-
tailed algorithms and decision rules were developed to link the re-
sults of the assessment with the recommended interventions. The
program was designed to include an average of 16 visits over a six-
month period, although the actual number of visits was determined
by the number and severity of the underlying impairments and by
the participant’s progress. To monitor adherence to the program,
participants were asked to complete a daily exercise calendar, which
was reviewed by the physical therapist during each visit.

 

18

 

 On com-
pletion of the visits, the physical therapist called the participants
monthly for six additional months to answer questions and to pro-
vide encouragement.

 

*A complete description of the program is available elsewhere.

 

17

 

†Unless such activity was medically contraindicated, all participants performed progressive, com-
pentency-based conditioning exercises of the arms and legs with resistant elastic bands. The exercises
were performed only under supervision until a physical therapist determined that the participant was
able to perform them safely and effectively without supervision. Subsequently, the participant was
instructed to perform the conditioning exercises three days per week.

‡These exercises were performed once per day without supervision after the physical therapist de-
termined that the participant was able to perform them safely and effectively without supervision.
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ECOMMENDED

 

 I

 

NTERVENTION

 

†

 

Impaired ability to move in bed or 
outdoors; impaired ability to trans-
fer from one position to another; or 
impairment in indoor gait

Instruction in safe, effective techniques to facilitate activity
Training in proper use of assistive devices
Removal of environmental hazards

Impairment in balance or range of 
motion

Progressive, competency-based exercises‡

Presence of environmental hazards Removal of loose rugs, cords, and clutter in walking paths
Placement of nonskid mats in bathroom and at kitchen sink
Improvement in lighting
Repair of walking surfaces, stairways, and railings
Installation of adaptive equipment in bathroom
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Control Group

 

An educational program designed to provide attention and health
education was used in the control group. During six monthly home
visits, a health educator and the participant reviewed general prac-
tices promoting good health, such as proper nutrition, management
of medications, physical activity, sleep hygiene, and other health-
related areas.

 

19

 

 Sessions were tailored to the participant’s specific
needs according to his or her responses on a brief health-related
questionnaire. On completion of the visits, the health educator
called the participants monthly for six additional months to answer
questions and to provide encouragement.

 

Outcomes

 

The primary outcome was the change in the summary disability
score between the base-line assessment and the follow-up assess-
ments at 3, 7, and 12 months. Follow-up data on function in terms
of activities of daily living were available for all the participants
who did not die during the study, with the exception of one partic-
ipant in the intervention group, who refused to complete the assess-
ment at three months, and one participant in the control group,
who missed the assessments at three and seven months because of
an administrative error. In a subgroup of 18 participants who were
interviewed twice on consecutive days, the reliability of our sum-
mary disability scale was found to be excellent (intraclass correlation
coefficient, 0.86).

 

20

 

 Secondary outcomes were admission to a nurs-
ing home and the number of days spent in a nursing home. “Per-
manent” admissions to a nursing home were not distinguished from
shorter admissions, since this distinction is difficult to make during
a 12-month period.

 

Statistical Analysis

 

All analyses were performed according to the intention-to-treat
principle. The primary outcome was analyzed with the use of gen-
eralized estimating equations with a negative binomial error distri-
bution, which provided the best fit to the data.

 

21

 

 Treatment effects
were adjusted for recruitment strategy (recruitment during an office
visit or from a roster), level of physical frailty (moderate or severe),
and disability score at base line. The exponential of the regression
coefficients for the effects of treatment at 3, 7, and 12 months was
calculated, and the results are presented as the percent change in the
mean disability score at each time point in the intervention group
relative to the control group. These analyses were repeated separate-
ly for participants with moderate frailty and those with severe frail-
ty. We also evaluated the effect of the intervention within pre-
specified subgroups. Differences in treatment effects according to
subgroup were evaluated by tests of interaction, and the statistical
significance of the results was determined by Hochberg’s variation
of the Bonferroni procedure.

 

22

 

A two-part model, adjusted for recruitment strategy and level
of physical frailty, was used for the assessment of secondary out-
comes.

 

23

 

 First, logistic regression was used, with admission or no
admission to a nursing home as a binary outcome. Second, data
from participants who were admitted to a nursing home were an-
alyzed by ordinary least-squares regression, with the number of
days spent in the nursing home as the outcome.

All the statistical tests were two-tailed, and a P value of less than
0.05 was considered to indicate statistical significance.

 

RESULTS

 

The base-line characteristics were similar in the two
groups, although there was a slightly higher propor-
tion of women in the intervention group (P=0.07)
(Table 2). Six participants in the intervention group
(6 percent) and four in the control group (4 percent)
died during the 12-month follow-up period.

Among the participants randomly assigned to the
intervention group, 61 (65 percent) completed the
program, and 20 (21 percent) withdrew from the pro-
gram prematurely, after a mean (±SD) of 9.5±4.1
home visits; the remaining 13 participants in this
group (14 percent) did not receive the intervention at
all, primarily because of worsening personal health or
illness in a family member. On average, participants
who completed the program had 14.9±2.4 visits
(range, 7 to 19). Overall, adherence to the exercise
program was high, with completion of 73 percent of
the assigned exercises for balance, 78 percent of the
leg-conditioning exercises, and 79 percent of the arm-
conditioning exercises. Among the participants ran-
domly assigned to the control group, 78 (83 percent)
completed the program; 7 (7 percent) discontinued
the program, after a mean of 1.3±1.5 visits, because

 

*Plus–minus values are means ±SD. There were no significant differenc-
es in any of these characteristics between the intervention and control
groups. Chi-square tests were used for categorical variables, and t-tests
were used for continuous variables.

†Chronic conditions included congestive heart failure, diabetes, and ar-
thritis.

 

17

 

‡Possible scores, based on an assessment of performance of eight activ-
ities of daily living, ranged from 0 (no disability) to 16 (total disability);
the highest score in each group was 11.
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HARACTERISTIC

 

I

 

NTERVENTION

 

 G

 

ROUP

 

(N=94)
C

 

ONTROL

 

 G

 

ROUP

 

(N=94)

 

Age — yr 82.8±5.0 83.5±5.2

Age »85 yr — no. (%) 35 (37) 41 (44)

Female sex — no. (%) 80 (85) 70 (74)

White race — no. (%) 85 (90) 86 (91)

Living alone — no. (%) 41 (44) 47 (50)

Education — yr 11.3±3.1 11.3±2.3

No. of chronic conditions† 2.1±1.1 2.0±1.3

Mini–Mental State Examination
Mean score
Score — no. (%)

»28
24–27
<24

26.7±2.6

39 (41)
42 (45)
13 (14)

26.3±2.4

32 (34)
48 (51)
14 (15)

Recruitment strategy — no. (%)
Assessment in office
Identification from roster

51 (54)
43 (46)

50 (53)
44 (47)

Level of physical frailty — no. (%)
Moderate
Severe

60 (64)
34 (36)

56 (60)
38 (40)

Summary disability score‡
Mean score
Score — no. (%)

0
1
2
3
4
»5

2.3±2.2

22 (23)
20 (21)
15 (16)
12 (13)
12 (13)
13 (14)

2.8±2.8

28 (30)
10 (11)
15 (16)
12 (13)
7 (7)

22 (23)
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of death or a move after an acute illness or injury; and
9 (10 percent) withdrew from the program after a
mean of 1.8±1.1 visits.

Overall, participants in the intervention group had
less disability than participants in the control group
at 3, 7, and 12 months (Fig. 1A). The disability scores
were significantly different between the two groups
at 7 and 12 months. In a separate analysis of partic-
ipants with moderate frailty, those in the intervention
group had significantly lower disability scores at 7 and
12 months than those in the control group (Fig. 1B).
In contrast, in an analysis of participants with severe
frailty, the disability scores at 7 and 12 months were
not significantly different between the two groups
(Fig. 1C).

Whereas the participants who lived alone benefit-
ed from the intervention, those who lived with oth-
ers did not (Fig. 2); this difference, however, did not
achieve statistical significance at 7 months (corrected
P=0.10) or at 12 months (corrected P=0.05). There
were no differences between subgroups defined ac-

cording to age (less than 85 years old or at least 85
years old), sex, or score on the Mini–Mental State Ex-
amination (28 or higher, 24 to 27, or less than 24).

Thirteen participants in the intervention group
(14 percent) and 18 in the control group (19 per-
cent) were admitted to a nursing home during the 12-
month follow-up period (P=0.37). Among these
participants, the mean number of days spent in a nurs-
ing home was 58.5 (median, 16) in the intervention
group and 75.2 (median, 34.5) in the control group
(P=0.22).

With only one exception (the rate of angina diag-
nosed by a physician, which was more common in the
control group), the rates of possible adverse events of
the intervention, such as falls or musculoskeletal prob-
lems, did not differ significantly between the two
groups (Table 3). The total cost of the intervention,
including the cost of staff time spent in intervention
activities, the cost of equipment and supplies, and con-
sultant fees, was $187,808, or an average of $1,998
per participant in the intervention group.

 

Figure 1.

 

 Mean (±SE) Disability Scores at Base Line and at 3, 7, and 12 Months in All Participants (Panel A), Participants with Mod-
erate Frailty (Panel B), and Participants with Severe Frailty (Panel C).
Physical frailty was defined according to the results of two tests of physical ability (one involving rapid walking and one involving
transferring from a chair to a standing position) that are strongly associated with the development and progression of disability

 

11-13

 

;
persons meeting one of these criteria were considered moderately frail, and those meeting both criteria were considered severely
frail. Ten participants died during the 12-month follow-up period. Results are reported as the percent reductions in the mean dis-
ability scores of the intervention group relative to the control group, as calculated from negative binomial models, which included
adjustments for recruitment strategy (recruitment during an office visit or from a roster), level of physical frailty (in Panel A only),
and disability score at base line. P values are for the comparison between the disability scores in the two groups at each time point,
after adjustments.

A Overall B Participants with 
Moderate Frailty

C Participants with 
Severe Frailty
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No. of participants

mIntervention group
mControl group

Disability score
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mControl group
mChange (%)
mP value
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—
—
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0.02
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1.9
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—
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55
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2.0
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0.40
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1.0
3.0
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<0.001
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54

1.4
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0.005
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3.1
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DISCUSSION

 

This randomized clinical trial provides evidence that
a home-based “prehabilitation” program is effective in
preventing functional decline among physically frail,
elderly persons who live at home. As compared with
an educational program, the 6-month intervention
program led to clinically relevant reductions in self-
reported disability at 7 and 12 months. The benefits
of the intervention were observed largely among per-
sons with moderate (as opposed to severe) frailty. De-
spite the intervention, persons with severe frailty had
worsening disability over time.

The extent to which our results can be generalized
is enhanced by our inclusion criteria for entry and by
the high participation rate. More stringent exclusion
criteria or the use of a run-in phase might have result-
ed in a higher rate of completion of the training pro-
gram, possibly leading to a finding of greater efficacy,
but would have diminished the applicability of the pro-
gram. Our criteria for physical frailty identified eld-
erly persons with substantial impairments in physical
abilities

 

13

 

 and hence with high projected rates of dis-
ability and functional decline,

 

10,11,14

 

 as were observed

among participants in the control group, in whom dis-
ability worsened over time. In contrast, the disability
scores among participants in the intervention group
were relatively stable. These findings support the con-
clusion that our program has preventive value.

It is not clear why the participants with severe phys-
ical frailty did not benefit from the intervention. The
cause of disability in elderly persons is highly com-
plex

 

24

 

 and is increasingly thought to involve an inter-
play among specific risk factors, including impairments
in physical ability and cognitive status, and subsequent
illnesses, injuries, or other problems.

 

25-27

 

 Because our
intervention was designed primarily to improve un-
derlying impairments in physical abilities, it would not
be expected to prevent some of the most common dis-
abling events, such as strokes or worsening heart fail-
ure, or to reduce the progression of cognitive decline.
This might explain in part why participants in our
study who had cognitive impairment, as indicated by
a score of less than 24 on the Mini–Mental State Ex-
amination, appeared to benefit less from the interven-
tion than participants whose cognition was intact. The
finding that participants who lived alone benefited

 

Figure 2.

 

 Mean Changes in Disability Scores at 7 Months (Panel A) and 12 Months (Panel B) in the Intervention Group Relative to
the Control Group, According to Base-Line Characteristics.
The results were adjusted for recruitment strategy (recruitment during an office visit or from a roster), level of physical frailty (mod-
erate or severe), and disability score at base line. None of the differences between the subgroups were statistically significant, al-
though the corrected P value for the comparison between participants living alone and those living with others at 12 months was
0.05. Scores for the Mini–Mental State Examination (MMSE) can range from 0 to 30, with lower scores indicating worse cognitive
status.

 

15

 

 Results are given as means and 95 percent confidence intervals.

100¡100 80¡80 60¡60 40¡40 20¡20 0
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from the intervention, whereas those who lived with
others did not, may be attributable to the lower rates
of severe frailty and cognitive impairment and the
higher rate of program completion among those who
lived alone (data not shown).

Adverse events were not more common in the in-
tervention group than in the control group, indicating
that this home-based intervention program is safe for
frail, elderly persons. Our program also does not rely
on expensive equipment, so it is feasible in the home
setting. The number of physical-therapy visits, howev-
er, far exceeded the number that is currently reim-
bursed by Medicare for home-based rehabilitation.
The absence of a benefit at three months suggests that
a shorter training program, with fewer home visits,
would not be effective. Furthermore, the program’s
estimated cost of $2,000 per person is moderate when
compared with the costs of other treatments, which
may be of uncertain benefit in frail, elderly persons.

 

28

 

Although the benefit of our training program was
maintained for 12 months, we cannot comment on its
benefit over longer periods.

In a recent meta-analysis, Stuck et al.

 

29

 

 found that
preventive home visits are effective when they target
persons with relatively good functional status and
when they include a systematic evaluation of multiple
domains (i.e., medical, functional, psychosocial, and
environmental) and frequent follow-up home visits.
With only one exception,

 

30

 

 however, these interven-
tions were designed to address unmet medical or social
needs, often in the context of comprehensive geriatric
assessment, rather than to improve underlying impair-
ments in physical abilities. In contrast to a home-based
intervention consisting of resistance training, as as-
sessed in a previous study that included sedentary per-

sons 60 years of age or older,

 

31

 

 our home-based in-
tervention targeted a diverse group of physically frail
persons whose mean age was 83 years.

Our study has some limitations. Most important,
the impracticality of masking group assignments may
have biased the participants’ reports of disability. Bias
alone, however, is unlikely to explain fully the differ-
ences between the intervention and control groups.
Similar trends, although not statistically significant,
were observed both with respect to nursing home use
and the number of fall-related fractures — outcomes
that are less susceptible to reporting bias than are par-
ticipants’ assessments of disability. The possibility that
our findings are attributable to the attention received
rather than to the training program itself is diminished
by our use of an active control, which consisted of an
educational program that included up to 12 personal
visits or telephone calls and that had a high completion
rate. The validity of our findings is further strength-
ened by the random assignment of participants, the
use of a validated measure of disability with high re-
liability, the blinding of the research nurses with re-
spect to the group assignments and of the participants
with respect to the study hypothesis, and the minimal
rate of loss to follow-up.

Our study was not designed to detect significant
differences between the groups in the rate of admis-
sion to a nursing home or the number of days spent in
a nursing home, both of which were assessed as sec-
ondary outcomes. Possible explanations for the ab-
sence of significant differences between the groups
in nursing home use, despite differences in disability
scores, include an inadequate sample size and insuf-
ficient length of follow-up. We were not able to dis-
tinguish nursing home admissions that were potential-
ly preventable from those that were not, since we did
not collect data on reasons for these admissions.

In summary, the results of our study indicate that
functional decline among physically frail, elderly per-
sons who live at home can be slowed, if not prevented.
Further evaluation is needed to determine the cost ef-
fectiveness of this program and to identify means by
which it exerts a beneficial effect.
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no. (%)

One or more falls 51 (55) 53 (58) 0.77
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Chest pain 23 (25) 32 (35) 0.15

Physician-diagnosed angina 6 (7) 16 (17) 0.02

Musculoskeletal problems leading
to restriction in usual activities

30 (33) 28 (30) 0.75
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