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LOW-INCOME SENIORS REPRE-
sent a diverse and complex
group of older adults who fre-
quently have socioeconomic

stressors, low health literacy, chronic
medical conditions, and limited ac-
cess to health care.1 In addition, this
group accounts for a disproportionate
share of health care expenditures in-
cluding high rates of acute care utili-
zation.2 Older adults in general, and
especially the poor, often do not re-
ceive the recommended standard of
care for preventive services, chronic dis-
ease management, and geriatric syn-
dromes.3-5

The Geriatric Resources for Assess-
ment and Care of Elders (GRACE)
model of primary care was developed
specifically to improve the quality of
care for low-income seniors. The
GRACEmodelbuildson lessons learned
from prior efforts to improve the care
of older adults through multidimen-
sional assessment. Prior reviews of this
literature suggest that time-limited and
site-specific geriatric consultation has
limited impact on the process and out-
comes of care.6-8 In addition, the inpa-
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Context Low-income seniors frequently have multiple chronic medical conditions for
which they often fail to receive the recommended standard of care.

Objectives To test the effectiveness of a geriatric care management model on im-
proving the quality of care for low-income seniors in primary care.

Design, Setting, and Patients Controlled clinical trial of 951 adults 65 years or
older with an annual income less than 200% of the federal poverty level, whose pri-
mary care physicians were randomized from January 2002 through August 2004 to
participate in the intervention (474 patients) or usual care (477 patients) in community-
based health centers.

Intervention Patients received 2 years of home-based care management by a nurse
practitioner and social worker who collaborated with the primary care physician and a
geriatrics interdisciplinary team and were guided by 12 care protocols for common
geriatric conditions.

Main Outcome Measures The Medical Outcomes 36-Item Short-Form (SF-36) scales
and summary measures; instrumental and basic activities of daily living (ADLs); and emer-
gency department (ED) visits not resulting in hospitalization and hospitalizations.

Results Intention-to-treat analysis revealed significant improvements for interven-
tion patients compared with usual care at 24 months in 4 of 8 SF-36 scales: general
health (0.2 vs −2.3, P=.045), vitality (2.6 vs −2.6, P� .001), social functioning (3.0 vs
−2.3, P=.008), and mental health (3.6 vs −0.3, P=.001); and in the Mental Compo-
nent Summary (2.1 vs −0.3, P� .001). No group differences were found for ADLs or
death. The cumulative 2-year ED visit rate per 1000 was lower in the intervention group
(1445 [n=474] vs 1748 [n=477], P=.03) but hospital admission rates per 1000 were
not significantly different between groups (700 [n=474] vs 740 [n=477], P=.66). In
a predefined group at high risk of hospitalization (comprising 112 intervention and
114 usual-care patients), ED visit and hospital admission rates were lower for inter-
vention patients in the second year (848 [n=106] vs 1314 [n=105]; P=.03 and 396
[n=106] vs 705 [n=105]; P=.03, respectively).

Conclusions Integrated and home-based geriatric care management resulted in im-
proved quality of care and reduced acute care utilization among a high-risk group.
Improvements in health-related quality of life were mixed and physical function out-
comes did not differ between groups. Future studies are needed to determine whether
more specific targeting will improve the program’s effectiveness and whether reduc-
tions in acute care utilization will offset program costs.

Trial Registration: clinicaltrials.gov Identifier: NCT00182962
JAMA. 2007;298(22):2623-2633 www.jama.com
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tient Acute Care for Elders (ACE) model
was shown to be a cost-effective design
to improve outcomes in hospitalized
older patients by providing a geriatrics

interdisciplinary team that integrates
and enhances care delivered by the hos-
pital attending physician.9-12 Building
on the ACE model, we designed the

GRACE intervention to improve the
longitudinal integration of geriatric and
primary care services across the con-
tinuum of care and thereby improve the
likelihood that older adults receive rec-
ommended care.13 Unique features of
theGRACEinterventioncomparedwith
prior studies of home-based inte-
grated geriatric care14-19 include the fol-
lowing: in-home assessment and care
management provided by a nurse prac-
titioner and social worker team; exten-
sive use of specific care protocols for
evaluation and management of com-
mon geriatric conditions; utilization of
an integrated electronic medical rec-
ord and a Web-based care manage-
ment tracking tool; and integration with
affiliated pharmacy, mental health,
homehealth, andcommunity-basedand
inpatient geriatric care services.13

We conducted a randomized, con-
trolled trial to test the effect of the
GRACE intervention on health out-
comes of low-income seniors living in
the community. We hypothesized that
compared with usual care, patients en-
rolled in the intervention would re-
ceive superior quality of care for com-
mon geriatric conditions resulting in
better health status, greater indepen-
dence in activities of daily living, and
lower acute care services utilization over
the 2 years of follow-up.

METHODS
The study was approved by the Indi-
ana University−Purdue University-
Indianapolis institutional review board.
All participants or their caregivers pro-
vided written informed consent for par-
ticipation. FIGURE 1 describes the flow
of individuals through the study.

Recruitment

Patients were recruited between Janu-
ary 2002 and August 2004 from 6
community-based health centers affili-
ated with Wishard Health Services, a
university-affiliated urban health care
system serving medically indigent
patients in Indianapolis, Indiana. This
primary care practice is staffed by
Indiana University School of Medicine
faculty and residents and serves

Figure 1. Patient and Physician Participation in Study

164 Physicians randomizeda

78 Physicians randomized to
GRACE intervention

86 Physicians randomized to
usual care

474 Patients assigned to GRACE
intervention based on physician
randomization

477 Patients assigned to usual
care based on physician
randomization

249 Patients ineligible

1286 Patients refused participation

105 English-language barrier
59 No telephone
37 Spouse enrolled in study
21 Severe hearing loss
11 Severe cognitive impairment without caregiver
9 Receiving dialysis
4 Enrolled in another study
2 Residence out of county
1 Less than 65 years old

2486 Patients assessed for eligibility

24-Month assessment
379 Patients assessed

16 Unable to contactb

79 Cumulative exclusions
35 Dropped out
11 Moved out of area
33 Deceased

24-Month assessment
362 Patients assessed

51 Unable to contactb

64 Cumulative exclusions
20 Dropped out
7 Moved out of area

37 Deceased

18-Month assessment
381 Patients assessed

28 Unable to contactb

65 Cumulative exclusions
33 Dropped out
9 Moved out of area

23 Deceased

18-Month assessment
377 Patients assessed

51 Unable to contactb

49 Cumulative exclusions
15 Dropped out
5 Moved out of area

29 Deceased

12-Month assessment
408 Patients assessed

17 Unable to contactb

49 Cumulative exclusions
29 Dropped out
5 Moved out of area

15 Deceased

12-Month assessment
400 Patients assessed

47 Unable to contactb

30 Cumulative exclusions
12 Dropped out
1 Moved out of area

17 Deceased

6-Month assessment
428 Patients assessed

16 Unable to contactb

30 Cumulative exclusions
24 Dropped out
1 Moved out of area
5 Deceased

6-Month assessment
422 Patients assessed

40 Unable to contactb

15 Cumulative exclusions
7 Dropped out
0 Moved out of area
8 Deceased

474 Patients included in
primary analysis

477 Patients included in
primary analysis

aAll 236 eligible physicians over the course of the trial were randomized and 164 physicians had a patient enrolled
in the study. Because physicians were the unit of randomization, patients already belonged to a randomization
group at the time they were assessed for eligibility. However, patients were not assigned to the intervention or
usual care group until their baseline interview was completed and primary care physician was confirmed.
bPatients who could not be contacted remained in the study and were contacted for subsequent assessments.
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approximately 6000 older adults.
Patients visiting their primary care cli-
nician and having the following inclu-
sion criteria were approached by a
trained research assistant for further
eligibility determination: age 65 years
or older, an established patient (de-
fined as at least 1 visit to a primary
care clinician at the same site within
the past 12 months), and with an
income less than 200% of the federal
poverty level (defined as qualifying for
Indiana Medicaid coverage or being
enrolled in the county medical assis-
tance plan). Exclusion criteria
included residence in a nursing home
or living with a study participant
already enrolled in the trial, enrolled
in another research study, receiving
dialysis, severe hearing loss, English-
language barrier, no access to a tele-
phone, or severe cognitive impairment
(defined by Short Portable Mental Sta-
tus Questionnaire score �5)20 and
without an available caregiver to con-
sent to participate.

Randomization

To minimize the potential for contami-
nation across groups, physicians were
the unit of randomization. All pri-
mary care physicians at participating
clinics were randomized from within
strata formed by teaching status (fac-
ulty or resident) and the clinic site. Ran-
domization lists were generated by the
study biostatistician (T.E.S.) with the
aid of the pseudorandom-number gen-
erator Random Number Generator for
Discrete data using Alias (RNGDA)
method from the FORTRAN/IMSL sub-
routine library.21 Physicians, none of
whom refused to participate, were not
informed of their randomization sta-
tus but intervention physicians be-
came aware of their status when con-
tacted by the GRACE intervention team
personnel about one of their patients.
Control physicians did not have ac-
cess to the intervention. Patients were
not informed of their randomization
status by the project manager (G.D.R.)
until they consented to participate in
the clinical trial and completed the base-
line interview.

Intervention
The GRACE intervention includes an
advanced practice nurse and social
worker (GRACE support team) who
care for low-income seniors in collabo-
ration with the patient’s primary care
physician and a geriatrics interdiscipli-
nary team led by a geriatrician. Over the
course of the trial, 3 GRACE support
teams, assigned to specific practice sites
and physicians, were employed by the
primary care practice to implement the
key components of the GRACE inter-
vention (BOX). Upon enrollment, the
GRACE support team met with the pa-
tient in the home to conduct an initial
comprehensive geriatric assessment.
The support team then presented their
findings to the larger GRACE interdis-
ciplinary team during the next weekly
meeting to develop an individualized
care plan, which included activation of
GRACE protocols and corresponding
team suggestions for evaluating and
managing common geriatric condi-
tions. Prepared with this care plan, the
GRACE support team met face-to-
face with the patient’s primary care phy-
sician to discuss and modify the plan.
Collaborating with the physician and
supported by the GRACE interdiscipli-
nary team, the support team then imple-
mented the plan consistent with the pa-
tient’s goals through face-to-face
(usually in the patient’s home and oc-
casionally in the office, hospital, or
nursing home) and telephone con-
tacts with patients, family members or
caregivers, and health care profession-
als. Each patient received a minimum
of 1 in-home follow-up visit to review
the care plan, 1 telephone or face-to-
face contact per month, and a face-to-
face home visit after any emergency de-
partment (ED) visit or hospitalization.
Otherwise, the number, timing, and
content of additional patient contacts
occurred as appropriate to implement
the care plan. An annual in-home re-
assessment starts the process over again.
A detailed description of the GRACE
model has been previously pub-
lished,13 and the GRACE protocols
are available at http://iucar.iu.edu
/research/graceteamsuggestions.pdf.

Control patients had access to all pri-
mary and specialty care services avail-
able as part of usual care. At the time
of implementation of the GRACE in-
tervention, the following geriatric clini-
cal services existed at Wishard in sup-
port of the primary care practice:
outpatient geriatric assessment and
multispecialty center, inpatient ACE
unit and consult service, skilled nurs-
ing facility, and physician house calls
program. Psychiatric care was avail-
able through the health system’s com-
munity mental health center.

Outcome Measures

Participants completed assessments at
baseline and at months 6, 12, 18, and
24 by telephone conducted by inter-
viewers who were blinded to the pa-
tient’s randomization status and who
were not part of the recruitment or in-
tervention process. Race and ethnicity
were included because of their poten-
tial importance as an independent vari-
able in determining the effectiveness of
the GRACE intervention. Patients self-
identified their race and ethnicity to in-
terviewers based on the National Insti-
tutes of Health predetermined listing of
options. Depression severity was mea-
sured using the Patient Health Que-
sionnaire-9.22 Process of care data spe-
cific to the implementation of the
GRACE model were obtained from the
Web-based tracking system specifi-
cally developed for this project.

The quality of medical care was as-
sessed using the Assessing Care of Vul-
nerable Elders (ACOVE) quality indi-
cators developed specifically to evaluate
the care of vulnerable elders across the
spectrum of care, and including “geri-
atric syndromes.”23-25 Better perfor-
mance on ACOVE quality measures is
strongly associated with better sur-
vival among community-dwelling vul-
nerable older adults.26 We chose the
ACOVE quality indicators specific to
the geriatric conditions targeted by the
GRACE intervention and available from
the electronic medical record or from
patient interviews.

Main outcome measures were: The
Medical Outcomes 36-Item Short-
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Form (SF-36) scales and summary mea-
sures; instrumental and basic activi-
ties of daily living (ADLs); and ED visits
and hospitalizations. Patient health–
related quality of life was assessed using
the 8 SF-36 scales (physical function-
ing, role-physical, bodily pain, gen-
eral health, vitality, social function-
ing, role-emotional, and mental
health)27 which were aggregated into a
Physical Component Summary (PCS)
and a Mental Component Summary
(MCS).28 Changes that differ between
groups by 2 or more points on a scale
of 0 to 100 have been shown to be clini-
cally or socially meaningful.29 Patient
ADL status was assessed using items
from the Assets and Health Dynamics
of the Oldest-Old (AHEAD) survey.30

Seven instrumental ADL items and 6 ba-
sic ADL items were used with each item
scored as 0 points for no, 1 for a little,
2 for a lot of difficulty, or 3 for need-
ing help. Items were summed to cre-
ate instrumental and basic ADL index
scores that ranged from 0 to 21 and 0

to 18, respectively. Days in bed due to
illness or injury over the prior 6 months
(more than half the day) not counting
hospital and nursing home stays were
also assessed. Patients’ overall satisfac-
tion with the care they received was as-
sessed as excellent, very good, good,
fair, or poor. Assuming a 20% rate of
attrition, we estimated that a sample size
of 500 patients per group would pro-
vide 80% power to detect an effect of
0.26 standard deviations in the change
of SF-36 scales and ADL from baseline
to 24 months at a .05 significance
level.31 The GRACE trial stopped en-
rolling new patients short of the tar-
geted 1000 due to resource limita-
tions, but the effect size for SF-36 scales
were greater than expected; thus, we
still had adequate power to show a clini-
cally significant difference.

Emergency department visits, hos-
pital admissions, and hospital days
were obtained from a regional health
information exchange. This network
captures data on resource utilization

from all 5 major hospital systems in
Indianapolis. When assessing the fre-
quency of ED visits, we did not in-
clude those that resulted in hospital-
ization because these acute care
episodes are captured by the hospital-
ization. Because we did not specifi-
cally enroll patients based on their risk
of hospitalization, we also calculated the
probability of repeated admission (PRA)
for each patient based on age, sex, per-
ceived health, availability of an infor-
mal caregiver, heart disease, diabetes,
physician visits, and hospitaliza-
tions.32 As a preplanned strategy, pa-
tients with a PRA score of 0.4 or higher
were considered at high risk of hospi-
talization,33 and this group was ana-
lyzed for differences in acute care uti-
lization similar to the full sample.

Statistical Analysis

Between-group comparisons were made
by using t tests for continuous vari-
ables and �2 tests for categorical vari-
ables. For SF-36 and ADL outcomes, we
used mixed-effects regression models
to assess the intervention effect on the
change between the baseline and 24-
month measurements in an intention-
to-treat fashion.34 These models were
hierarchical in nature as they incorpo-
rated random patient effects within each
physician and random physician effect
within each clinic in a nested struc-
ture.35 The magnitudes and time pat-
terns of missing data were examined by
the treatment groups and then com-
pared across the groups. Missing out-
comes during the follow-up period were
imputed using the last-observation-
carried-forward method. To assess the
robustness of the analytical results un-
der alternative imputation methods, we
repeated analyses on all primary out-
comes using a multiple regression im-
putation method.36 Results did not dif-
fer between the 2 imputation methods;
thus, we report results based on the last-
observation-carried-forward method.
Acute care services utilization was
characterized by ED visits and hospi-
talizations. We analyzed the counts of
ED visits and hospital admissions by
using log-linear regression models. To

Box. Key Components of the Geriatric Resources for Assessment
and Care of Elders Interventiona

Initial and annual in-home comprehensive geriatric assessment by a GRACE sup-
port team consisting of an advanced practice nurse and social worker

Individualized care plan development annually by GRACE support team with as-
sistance from the GRACE interdisciplinary team involving a geriatrician, pharma-
cist, physical therapist, mental health social worker, and community-based ser-
vices liaison

Activation new each year of indicated GRACE protocols and corresponding team
suggestions for care related to the 12 targeted geriatric conditions: advance care
planning, health maintenance, medication management, difficulty walking/falls,
chronic pain, urinary incontinence, depression, hearing loss, visual impairment,
malnutrition or weight loss, dementia, and caregiver burden

GRACE support team meeting with patient’s primary care physician to review,
modify, and prioritize initial and annual care plan protocols and team suggestions

Implementation of care plan and team suggestions by GRACE support team in col-
laboration with the primary care physician and consistent with the patient’s goals

Weekly GRACE interdisciplinary team meetings to review GRACE support team
success in implementing care protocols and problem solve barriers to implemen-
tation

Ongoing GRACE support team home–based care management (including at least
monthly patient contacts) supported by an electronic medical record and Web-
based tracking system, and providing coordination and continuity of care among
all health care professionals and sites of care

aGRACE indicates Geriatric Resources for Assessment and Care of Elders.

GERIATRIC CARE FOR LOW-INCOME SENIORS

2626 JAMA, December 12, 2007—Vol 298, No. 22 (Reprinted) ©2007 American Medical Association. All rights reserved.

 at UCLA Digital Collections Services, on January 28, 2008 www.jama.comDownloaded from 

http://www.jama.com


accommodate unequal durations of fol-
low-up due to early dropout, we incor-
porated the logarithmic duration of fol-
low-up time into the log-linear model
as an offset parameter. Regression para-
meters and standard errors were ob-
tained from the model. The incidence
rate ratios for the treatment effect were
obtained for both ED visits and hospi-
tal admissions by exponentiating the re-
gression parameter estimates. For the
convenience of interpretation, we re-
ported annual rate of visits and admis-
sions per 1000 participants. Rates of
deaths were analyzed using �2 tests, and
time from enrollment to death was ex-
amined using Kaplan-Meier estimates
of the survival function and compared
using the Wilcoxon test. SAS software
version 9.1 (SAS Institute Inc, Cary,
North Carolina) was used in all analy-
ses. Tests were considered significant
at P� .05.

RESULTS
Sample Characteristics

Baseline characteristics of the 951 in-
dividuals randomized to intervention
or usual care appear in TABLE 1. These
patients were cared for by 164 differ-
ent primary care physicians (78 in the
intervention group and 86 in the usual
care group). Similar proportions of phy-
sicians between intervention vs usual
care groups were women (42% vs 36%;
P=.41), specialized in internal medi-
cine (72% vs 73%; P=.83) as opposed
to internal medicine/pediatrics, and
practiced in the primary care center
(49% vs 50%; P=.87) as opposed to 1
of the 5 smaller community-based
health centers. Enrolled patients per
physician ranged from 1 to 49 (me-
dian, 3) for intervention physicians and
1 to 63 (median, 2) for physicians who
provided usual care. Approximately
80% of intervention patients were seen
by faculty physicians compared with
75% of usual care patients (P=.07). Re-
flecting the targeted patient popula-
tion, three-quarters of the study pa-
tients were women, more than half were
black, and all were socioeconomically
disadvantaged. The majority of pa-
tients in both intervention and usual

Table 1. Baseline Characteristics of Study Participantsa

Characteristic

No. (%)

P
Value

Intervention Group
(n = 474)

Usual Care Group
(n = 477)

Age, mean (SD), y 71.8 (5.6) 71.6 ( 5.8) .56
Women 358 (75.5) 365 (76.5) .72
Black 272 (57.6) 292 (62.4) .14
Living alone 219 (46.3) 225 (47.4) .74
Education �12 y 296 (62.5) 285 (60.0) .44
Household income �$10 000 annually 303 (73.4) 301 (71.5) .55
County medical assistance 394 (83.7) 420 (89.0) .02
Medicaid recipient 169 (37.1) 157 (34.1) .33
Perceived health (fair or poor) 247 (52.6) 242 (51.1) .65
SF-36 PCS, mean (SD) 35.8 (10.8) 36.5 (11.2) .39
SF-36 MCS, mean (SD) 51.0 (10.2) 51.7 (10.4) .36
Instrumental ADL, mean (SD) 2.7 (4.2) 2.5 (3.9)

.69
Median (range) 0 (0-21) 0 (0-18)

Basic ADL, mean (SD) 1.6 (3.1) 1.3 (2.6)
.15

Median (range) 0 (0-18) 0 (0-16)
Satisfaction with care (very good or excellent) 305 (64.6) 291 (61.3) .29
Comorbid conditions

Hypertension 383 (81.1) 390 (82.3) .65
Angina pectoris or coronary artery disease 61 (13.1) 51 (11.0) .33
Congestive heart failure 58 (12.5) 68 (14.4) .38
Heart attack 81 (17.3) 75 (15.9) .57
Stroke 85 (18.1) 68 (14.4) .13
Chronic lung disease 111 (23.6) 106 (22.5) .67
Arthritis of hip or knee 261 (55.4) 245 (51.6) .24
Diabetes mellitus 158 (33.5) 168 (35.4) .54
Cancer (other than skin) 66 (13.9) 59 (12.5) .50

Geriatric conditions
Difficulty walking 1 block (limited a little/a lot) 177 (37.7) 168 (35.7) .52
Fall in past 6 mo 105 (22.2) 103 (21.7) .85
Pain (moderate/severe/very severe) 231 (48.9) 224 (47.1) .56
Urinary incontinence 150 (31.7) 131 (27.5) .15
Depressed or sad 125 (26.4) 119 (25.0) .60
Depression (PHQ-9 score �10) 54 (11.7) 53 (11.4) .87
Vision problems 59 (12.5) 58 (12.2) .87
Hearing difficulty 216 (45.6) 201 (42.1) .29
Dementia (SPMSQ score �5) 4 (0.8) 4 (0.8) .99
Caregiver who helps at home 116 (24.5) 115 (24.1) .88

Health services utilization
Physician or clinic visits in past 6 mo

Mean (SD) 2.7 (2.9) 2.8 (4.2)
.61

Median (range) 2 (0-25) 2 (0-60)
ED visits in past 6 mo

Mean (SD) 0.6 (1.1) 0.6 (1.2)
.72

Median (range) 0 (0-7) 0 (0-10)
Hospitalizations in past 6 mo

Mean (SD) 0.2 (0.5) 0.2 (0.6)
.98

Median (range) 0 (0-5) 0 (0-6)
Hospital days in past 6 mo

Mean (SD) 0.7 (3.4) 0.9 (5.2)
.50

Median (range) 0 (0-60) 0 (0-77)
PRA score, mean (SD) 0.3 (0.1) 0.3 (0.1) .58
PRA score �0.4 112 (23.6) 114 (23.9) .92
Abbreviations: ADL, activities of daily living; ED, emergency department; MCS, Mental Component Summary; PCS, Physi-

cal Component Summary; PHQ-9, Patient Health Questionnaire-9; PRA, probability of repeated admission; SF-36, Medi-
cal Outcomes 36-Item Short-Form; SPMSQ, Short Portable Mental Status Questionnaire.

aSeven instrumental ADL items and 6 basic ADL items were used with each item scored as 0 for no, 1 for a little, 2 for a lot
of difficulty, or 3 needs help. Items were summed to create instrumental and basic ADL index scores that ranged from
0 to 21 and 0 to 18, respectively.
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care groups were independent in in-
strumental (64% vs 62%; P=.45) and
basic ADLs (83% vs 87%; P=.11). Most

patients had multiple comorbid and
geriatric conditions and high rates of
acute care services utilization. Nearly
1 in 4 study participants were at high
risk of hospitalization as defined by hav-
ing a PRA score of 0.4 or higher (112
in the intervention group and 114 in the
usual care group).

Process of Care in Patients
Receiving the GRACE Intervention

TABLE 2 outlines the process of care and
implementation of the key components
of the GRACE intervention for the pa-
tients enrolled in the intervention group
who had an initial clinical assessment by
the GRACE support team with com-
pleted tracking in year 1 (n=447) and
an annual assessment with completed
tracking in year 2 (n=409). The num-
ber of patients is lower in year 2 due to
deaths, participants moving out of the
area, and study dropouts. The numbers
of patients cared for by the GRACE team
shown in Table 2 will not necessarily cor-
relate with the numbers of patients con-
tacted by research interviewers in
Figure 1. Intervention patients received
a mean of 18 (range, 1-65) and 17 (range,
1-90) contacts in year 1 and year 2, re-
spectively, with one-third being face-to-
face (usually in the patient’s home) and
two-thirds by telephone.

Quality of Medical Care

Adherence to ACOVE quality indica-
tors for geriatric conditions and pro-
cesses of care targeted by the GRACE
intervention is compared between in-
tervention and usual care groups in
TABLE 3. Patients in the intervention
group with geriatric syndromes were
more likely than patients in usual care
to have documentation in the elec-
tronic medical record or report that
their condition was recognized or di-
agnosed, that they received specialty
consultation, and that they were pro-
vided with appropriate information or
treatment. The intervention group also
had documented in the electronic medi-
cal record or reported better adher-
ence to quality indicators for preven-
tive care, continuity of care, medication
use, and end-of-life care.

Patient Outcomes
The SF-36 and ADL outcomes are
shown in TABLE 4. The coefficients re-
flect the differences between interven-
tion and usual care groups in their
2-year mean changes. Patients in the in-
tervention group improved signifi-
cantly compared with the control group
in 4 of the 8 SF-36 scales (general
health, vitality, social functioning, and
mental health) and in the Mental Com-
ponent Summary score. No differ-
ences were observed in 2-year mean
changes in ADL status. Analysis of
change scores categorized as better,
same, or worse confirmed these re-
sults. Needing more help at 24 months
compared with baseline in instrumen-
tal (21% vs 24%; P=.25) and basic ADLs
(12% vs 13%; P=.64) also did not dif-
fer significantly between intervention
and usual care groups. At 24 months,
66% of intervention patients rated their
overall satisfaction with care as very
good or excellent compared with 63%
of those receiving usual care (P=.31).
Mortality at 24 months (33 interven-
tion patients [7.0%] vs 37 usual care pa-
tients [7.8%]; P=.64) and time to death
were similar between groups.

Acute Care Services Utilization

We first examined differences in rates
among the entire study population and
then among those at high-risk of hos-
pitalization as defined by their prob-
ability of repeated admission.32,33

FIGURE 2 shows ED visits (not associ-
ated with hospital admission) and hos-
pital admissions for intervention and
usual care over the 24-month trial pe-
riod. The cumulative 2-year ED visit
rate per 1000 was lower in the inter-
vention group (1445 [n=474] vs 1748
[n=477]; P=.03). Emergency depart-
ment visits per 1000 were similar be-
tween groups in year 1 (823 [n=474]
vs 937 [n=477]; P=.22) but signifi-
cantly lower in the intervention group
in year 2 (643 [n=459] vs 841 [n=460];
P=.01). Cumulative 2-year rates per
1000 did not differ between groups for
hospital admissions (700 [n=474] vs
740 [n=477]; P=.66) or hospital days
(3759 [n = 474] vs 4069 [n = 477];

Table 2. Process of Care in Patients
Receiving the Geriatric Resources for
Assessment and Care of Elders Interventiona

Year 1
(n = 447)

Year 2
(n = 409)

Initial team conference
within 30 d, %

83

Initial team conference,
mean (range), d

25 (4-162)

GRACE protocols
activated per patient,
mean (range)

5 (2-10) 5 (2-11)

Activation of GRACE
protocols, %

Advanced care
planning

100 100

Health maintenance 100 100

Medication
management

97 95

Difficulty walking
or falls

55 50

Chronic pain 47 48

Urinary
incontinence

41 37

Depression 38 41

Visual impairment 22 19

Hearing impairment 21 19

Malnutrition and
weight loss

11 8

Dementia 10 10

Caregiver burden 4 4

Team suggestions
activated
per patient,
mean (range)

63 (33-131) 34 (7-84)

Adherence to team
suggestions

81 79

GRACE support team
patient contacts,
mean (range)b

Face-to-face 7 (1-39) 6 (1-33)

Telephone 12 (0-44) 11 (0-58)

Total 18 (1-65) 17 (1-90)

GRACE support team
continuity of care
contacts, mean (range)

Primary care
physician

3 (0-14) 2 (0-14)

Other clinician 5 (0-101) 4 (0-101)

Total 8 (0-115) 6 (0-115)
Abbreviation: GRACE, Geriatric Resources for Assess-

ment and Care of Elders.
aNumbers in Year 1 (n = 447) represent GRACE interven-

tion patients who had an initial clinical assessment and
complete Year-1 records in the Web-based tracking sys-
tem; and numbers in Year 2 (n = 409) represent GRACE
intervention patients who had an annual clinical assess-
ment and complete Year-2 records in the Web-based
tracking system.

bFace-to-face patient contacts usually occurred in the pa-
tient’s home but also on occasion in the office, hospital,
or nursing home. Numbers do not sum due to rounding.
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P=.66). Hospital admissions and hos-
pital days per 1000 in intervention com-
pared with usual care patients were not
significantly different in year 1 (384
[n=474] vs 358 [n=477] admissions
per 1000; P=.66 and 2076 [n=474] vs
1983 [n=477] hospital days per 1000;
P=.85) or year 2 (325 [n=459] vs 396
[n=460] admissions per 1000; P=.22
and 1739 [n=459] vs 2163 [n=460]
hospital days per 1000; P=.37). There
were no significant differences be-
tween groups in the proportion of hos-
pitalized patients readmitted within 30
days of their first hospital discharge
(26% [n = 206] vs 32% [n = 200];
P=.24).

Emergency department visit and hos-
pital admission rates for the 112 inter-
vention and 114 usual care patients
classified at baseline as being at high risk
of hospitalization (PRA score, �0.4) are
also shown in Figure 2. In year 1, hos-
pital admissions and hospital days per
1000 were similar between interven-
tion and control patients in this high-
risk group (705 [n = 112] vs 798
[n=114] admissions per 1000; P=.60
and 3938 [n=112] vs 4544 [n=114]
hospital days per 1000; P=.68). In year
2, however, hospital admission rates
were significantly lower in the inter-
vention group (396 [n=106] vs 705
[n=105]; P=.03) but the difference in
hospital days did not reach statistical
significance (2152 [n=106] vs 3943
[n=105]; P=.13). Similarly, ED visits
were significantly lower in the inter-
vention group in year 2 (848 [n=106]
vs 1314 [n=105]; P=.03) but not in
year 1 (1098 [n=112] vs 1149 [n=114];
P=.79).

COMMENT
This, to our knowledge, is the largest ran-
domized clinical trial of a geriatrics sys-
tem-level and home-based intervention
specifically designed to improve health
care for community-dwelling low-
income seniors. In designing the study,
we made a specific effort to monitor the
process of care and to measure a broad
array of outcomes important for older
adults and for health system planners.
These outcomes include not only func-

tion and health-related quality of life
measures, for example, but also high-
cost utilization patterns. The primary
care practice in the current study serves
a mixed-race population of seniors who
are poor, have multiple comorbid con-

ditions, and whose care is often frag-
mented across providers and sites of care.
These patient groups have been under-
studied in previous trials and represent
a complex and high-cost population that
might especially benefit from improved

Table 3. Quality of Medical Care in Year 1 of Clinical Trial

Geriatric Conditions

No./Total (%)
P

ValueIntervention Usual Care

Difficulty walking or falls
New diagnosis of difficulty walking or gait abnormality

documented in those reporting fall(s) and not having
diagnosis at baseline

28/95 (29) 7/97 (7) �.001

Newly visited geriatric assessment center or physical
or occupational therapy in those reporting fall(s)
at baseline

30/77 (39) 15/74 (20) .01

Newly received falls information in those reporting fall(s)
at baseline and no past information

23/76 (30) 5/83 (6) �.001

Urinary incontinence
New diagnosis of urinary incontinence documented in

those reporting urinary incontinence and not having
diagnosis at baseline

54/116 (47) 8/104 (8) �.001

Newly visited geriatric assessment or continence care
center in those reporting urinary incontinence
at baseline

33/139 (24) 12/121 (10) .003

Newly received urinary incontinence information in those
reporting urinary incontinence at baseline and
no past information

45/100 (45) 18/95 (19) �.001

Depression
New diagnosis of depression documented in those

with PHQ-9 score �10 and not having diagnosis
at baseline

19/25 (76) 7/33 (21) �.001

Newly visited geriatric assessment center or mental health
clinic in those with PHQ-9 score �10 at baseline

22/46 (48) 5/45 (11) �.001

New antidepressant prescribed or newly reported being
seen by psychologist, counselor, or psychiatrist in
those with PHQ-9 score �10 and without
antidepressant or prior counseling at baseline

18/26 (69) 6/28 (21) �.001

Sensory impairment
Newly visited ophthalmology or eye clinic in those

reporting visual difficulty at baseline
14/42 (33) 10/44 (23) .27

Newly visited audiology or ears, nose, and throat clinic in
those reporting hearing loss at baseline

37/203 (18) 11/190 (6) �.001

General Health Care

Preventive care
Newly reported having an influenza shot 83/171 (49) 57/162 (35) .01

Reported at 12 mo having an influenza shot
in the past year

298/405 (74) 264/395 (67) .04

Pneumococcal vaccination received in those
on record as not having previously had
pneumococcal vaccination

19/108 (18) 16/149 (11) .11

Continuity of care
Newly identified a primary care physician 43/53 (81) 36/57 (63) .04

Follow-up primary care visit occurred within 6 weeks
of first hospital discharge in those having
�1 hospitalization

80/96 (83) 49/91 (54) �.001

Medication use
Newly reported having a medication list 161/277 (58) 105/275 (38) �.001

Not prescribed a medication with strong anticholinergic
effects in months 6-12

415/474 (88) 395/477 (83) .04

End-of-life care
Newly reported having a health care representative or

living will
154/348 (44) 61/359 (17) �.001

Abbreviation: PHQ-9, Patient Health Questionnaire-9.
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coordination and integration of their
health care. We found that patients en-
rolled in the GRACE intervention, com-
pared with usual care, received better
quality of care and had significant im-
provements in health-related quality of
life measures. We found no significant
differences in traditional measures of
geriatric functional status. Intervention
patients experienced a reduction in ED
visits over 2 years. In addition, interven-
tion patients experienced a reduction in
hospital admissions in the second year
among the group at high risk of repeat
hospitalization.

We developed the GRACE outpa-
tient intervention based on experi-
ence with its inpatient predecessor, the
ACE model.10,12,37 The approach in both
models is to complement and support
the role of the primary physician by
helping to identify common but fre-
quently unrecognized geriatric condi-
tions and providing resources that aid
in evaluating and treating these pa-
tients. Through close collaboration with
primary care and hospital clinicians, re-
spectively, the limited resources of spe-
cially trained geriatricians and geri-
atrics interdisciplinary teams can be
leveraged for greatest impact on pa-
tient outcomes. Unlike previous trials
that have focused primarily on provid-
ing in-home comprehensive geriatric as-

sessment and follow-up independent of
and in parallel with primary care pro-
viders,38,39 the GRACE intervention is
fully integrated within the primary care
practice. GRACE support teams were
employed by the primary care prac-
tice and assigned to work with spe-
cific sites and physicians. In addition,
GRACE protocols and roles of the
GRACE nurse practitioner and social
worker were developed in collabora-
tion with opinion leaders from the pri-
mary care practice.

The quality of medical care pro-
vided to vulnerable community-
dwelling older patients falls short of
acceptable levels for a wide variety of
conditions, particularly for conditions
uniquely important to geriatric
patients.5 Quality of medical care for
these geriatric conditions as measured
by the ACOVE quality indicators has
been shown to correlate with mortal-
ity.26 Using ACOVE quality measures
developed specifically to cover the
most important conditions of vulner-
able elders, we found that the GRACE
intervention compared with usual care
substantially improved the quality of
medical care for the geriatric condi-
tions and general health processes tar-
geted. Improved rates of diagnosis of
geriatric conditions in intervention
patients, however, may in part be

explained by better documentation in
the electronic medical record by their
physicians and GRACE support team
advanced practice nurses.

Consistent with other recent multi-
faceted interventions, the GRACE in-
tervention did not lead to improved
measures of physical health. Also, im-
provements in the SF-36 scales were in-
consistent and of sufficiently low
magnitude to question their clinical sig-
nificance. The current study is the first
home-based intervention, however, to
report improvements in SF-36 scales in
nonterminally ill older adults. A pre-
vious trial of the Veterans Affairs Team-
Managed Home-Based Primary Care re-
ported significant improvements in
terminally ill patients at 12 months in
6 of the 8 SF-36 scales (all scales ex-
cept physical functioning and role-
physical), but no differences favoring
the intervention in nonterminal pa-
tients with severe disability.16 A previ-
ously reported outpatient comprehen-
sive geriatric assessment coupled with
strategies for high rates of adherence to
care recommendations reported a posi-
tive effect in older patients with geri-
atric conditions after 15 months on
SF-36 scales of physical functioning, vi-
tality, social functioning, and the Physi-
cal Component Summary.31 In a mul-
ticenter VA study, frail hospitalized

Table 4. Baseline Values and Impact of Treatment on Patient Outcomes by Study Groupa

Baseline and 2-Year Mean (SD) Changes Treatment Effect Coefficients
Intervention Minus Control,

Mean (SD)
P

ValuebIntervention Usual Care

SF-36 scales
Physical functioning 54.2 (26.7) −5.3 (23.0) 55.7 (27.7) −6.8 (22.7) 1.5 (22.9) .32

Role-physical 44.4 (39.3) 1.9 (39.9) 46.4 (39.8) −2.7 (38.0) 4.7 (38.9) .07

Bodily pain 56.4 (26.1) 0.1 (25.7) 56.4 (26.3) 0.8 (24.8) −0.7 (25.3) .67

General health 50.3 (20.9) 0.2 (19.4) 52.3 (20.9) −2.3 (19.0) 2.5 (19.2) .045

Vitality 47.5 (23.9) 2.6 (21.7) 50.6 (24.9) −2.6 (20.0) 5.1 (20.8) �.001

Social functioning 72.9 (27.3) 3.0 (30.4) 73.7 (27.0) −2.3 (30.5) 5.3 (30.4) .008

Role-emotional 75.8 (35.9) −0.5 (41.5) 75.6 (36.7) −2.6 (45.3) 2.1 (43.5) .46

Mental health 72.1 (20.1) 3.6 (18.5) 73.6 (19.8) −0.3 (18.2) 3.9 (18.3) .001

SF-36 PCS 35.8 (10.8) −1.1 (8.9) 36.5 (11.2) −1.6 (8.8) 0.5 (8.8) .38

SF-36 MCS 51.0 (10.2) 2.1 (10.2) 51.7 (10.4) −0.3 (10.8) 2.4 (10.5) �.001

Instrumental ADL 2.7 (4.2) 0.4 (3.3) 2.5 (3.9) 0.6 (3.6) −0.2 (3.5) .77

Basic ADL 1.6 (3.1) 0.2 (2.7) 1.3 (2.6) 0.4 (2.7) −0.2 (2.7) .37

Days in bed 4.7 (22.1) −1.7 (23.8) 3.5 (18.7) −0.5 (22.5) −1.2 (23.2) .54
Abbreviations: ADL, activities of daily living; MCS, Mental Component Summary; PCS, Physical Component Summary; SF-36, Medical Outcomes 36-Item Short Form.
aHigher SF-36 scores represent better health while higher ADL scores represent greater difficulty or dependence.
bValues shown are P values for treatment effect.
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older patients discharged to receive out-
patient geriatric evaluation and man-
agement were found at 12 months to
have improvements from discharge in
the SF-36 mental health scale only.40

The clinical significance of change
scores of SF-36 scales may be difficult
to interpret.41,42 However, the magni-
tude of the differences found in the
GRACE trial ranged from 5% to 10%
and were similar to those reported in
the 3 studies described above.

Reasons the GRACE model was not
more effective in moving clinical out-
comes might include an ineffective tar-
geting strategy for patients at risk of de-
cline. The mean 2-year decline in SF-36
scales was only 2.4 in the usual care
group. In addition, usual care patients
received components of the GRACE in-
tervention when referred to one of the
geriatric specialty services. Compar-
ing intervention and usual care groups,
2.1% of the intervention and 1.5% of
the usual care patients (P=.45) were
seen by the physician house-calls pro-
gram, 4% of each group were seen in
the outpatient geriatric assessment cen-
ter, and 18% of intervention patients vs
11% of usual care patients (P=.003)
were seen by the inpatient ACE con-
sult service during the study period.

Although the GRACE intervention
included multidimensional geriatric as-
sessment and multiple follow-up home
visits, we found no evidence that the
intervention improves ADL status or
prevents ADL decline as some pro-
grams have demonstrated.15,38,39 We did
not specifically target older adults with
ADL impairment for participation in
this trial. Indeed, most of the enrolled
patients were independent in instru-
mental and basic ADLs at baseline and
remained so at 2 years. Compared with
previous studies demonstrating pre-
vention of ADL decline, our study
population was younger, poorer, less
educated, and more independent in
ADLs. In addition, the current trial was
only 2 years in duration. A longer in-
tervention period or more intensive in-
tervention may be necessary to alter
ADL outcomes. These measures may
also have been insensitive to impor-

tant improvements in ADLs among this
cohort of older adults. A more inten-
sive program may be needed to pre-
vent ADL decline, such as in-home
physical therapy that focuses primar-
ily on improving underlying impair-
ments in physical abilities.43

Many studies of outpatient geriatric
assessment and of community and
home-based care management have
failed to demonstrate lower acute care
utilization rates.16-19,38,40,44,45 Prior suc-
cessful studies and the current trial,

however, provide evidence that ED vis-
its and hospital utilization can be re-
duced through a geriatrics interdisci-
plinary team that provides ongoing care
management (usually including home
visitation) in support of and inte-
grated with the primary care physi-
cian.15,46-49 There may be a “period of
engagement” before utilization rates de-
cline.47,49 We found that the GRACE
support team needed time to develop
trusting and working relationships with
both the patient and primary care phy-

Figure 2. Acute Care Utilization Rates at Baseline and During 2-Year Follow-up by Study
Group
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sician. This may help explain why dif-
ferences in acute care utilization be-
came more apparent in the second year
of the GRACE intervention.

This study has several limitations that
deserve specific mention. The results
of this trial may not be generalizable
to different groups of older persons
(eg, those of higher socioeconomic
status and those living in rural com-
munities) or different clinic settings.
Physicians and the intervention team
and patients were unblinded to the par-
ticipant’s intervention status given the
nature of the intervention, but the re-
search assistants conducting the inde-
pendent outcome assessments were
blinded. Because we did not design the
study to include a control group that
received only sham contacts, we can-
not assess whether the power of the in-
tervention is simply due to social con-
tacts. The accuracy of the regional
health information exchange database
is unknown but any inaccuracies should
be equal in the intervention and con-
trol groups. We used multiple pri-
mary outcomes measures consistent
with our original hypotheses regard-
ing the impact of the intervention and
consistent with best practices in geri-
atric health services research.50 This
comprehensive approach to outcome
assessment results in multiple hypoth-
esis testing. Although the current study
was not adequately powered to accom-
modate adjustments for multiple out-
comes, we repeated the analysis con-
sidering all 14 main outcome measures
using the conservative Bonferroni cor-
rection.51 The results remained signifi-
cant for SF-36 scales of vitality
(P=.006), mental health (P=.03), and
the Mental Component Summary
(P=.008), but not for ED visits (P=.42).

The current study site was also a site
for successful collaborative care mod-
els in primary care for improving de-
pression and dementia.52,53 The find-
ings from the GRACE intervention
builds on these more focused disease
management approaches to address the
entirety of the older patient’s health sta-
tus including important and disabling
geriatric conditions.54 We found the

GRACE model of primary care to be fea-
sible in a public health system serving
low-income seniors and effective in im-
proving quality of care. Improved rec-
ognition and treatment of depression
in the GRACE trial, for example, con-
tributes to better mental health status
found in the intervention group. Simi-
larly, other quality improvements may
have mediated positive effects on health
status that in turn lowered acute care
services utilization. It is upon the foun-
dation of the GRACE model that spe-
cific geriatric condition and disease
management protocols can be effi-
ciently applied to the care of older pa-
tients and integrated within primary
care.

Future studies should compare po-
tential cost savings from less acute care
utilization with program costs to de-
termine feasibility. Under current fee-
for-service Medicare, most of the ser-
v ices prov ided by the GRACE
intervention are not reimbursed. Medi-
care managed care, however, presents
a financial vehicle under which the
GRACE intervention could currently be
supported. In a managed care environ-
ment, the costs of the GRACE model
potentially would at least in part be off-
set by prevention of high-cost acute care
utilization, more appropriate risk ad-
justment due to improved recognition
and documentation of medical condi-
tions, and improvements in perfor-
mance on quality indicators. The
GRACE intervention might also be fi-
nanced through recently proposed
methods of reimbursement such as
“comprehensive payment for compre-
hensive care” that is needs or risk ad-
justed and performance based, or the
advanced medical home model.55,56 We
hope the GRACE model will prove to
be a practical health system innova-
tion that will contribute to improved
geriatric care and outcomes while re-
ducing high-cost acute care utiliza-
tion in low-income seniors.
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