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Abstract
Although outpatient Comprehensive Geriatric Assessment (CGA) has shown certain benefits in
functional status and quality of life by many randomized controlled trials, no survival benefit has
been reported. We hypothesized that the lack of survival benefit may be due to insufficient power
of individual trials. In order to assess the influence of outpatient CGA on survival of older persons,
we performed a meta-analysis of all randomized controlled trials of outpatient CGA. Nine studies
consisting of 3750 subjects fulfilled the predetermined eligible criteria and were included in the
meta-analysis. Combined mortality risk ratio with outpatient CGA intervention compared to usual
care group was 0.95 (95% confidence interval, CI 0.82–1.12, P = 0.62). Treatment effects were
homogeneous across the trials. This meta-analysis did not demonstrate survival benefit for outpatient
CGA. Inadequate statistical power is unlikely to explain the results. Future researches of outpatient
CGA should focus on coordinated and standardized measurement of outcomes related to functional
status, institutionalization rate, and quality of life.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
The Comprehensive Geriatric Assessment (CGA) emerged during the1980s as an important strategy to improve care for elders with complex medical, psychosocial, and functional problems (Epstein et al., 1987). CGA is more effective when performed on specialized hospital units than in other settings. The more intensive the CGA intervention
and the more control the intervening team has over patient care, the more likely CGA
will have a beneficial effect on outcomes (Applegate and Burns, 1996). Focus of recent
investigations has been shifted to outpatient CGA due to high costs of inpatient care
(Boult et al., 2001). However, the studies of outpatient CGA are impeded by low statistical power, non-uniform eligibility or targeting of patients, and heterogeneous outcomes
measures (Applegate et al., 1991; Boult et al., 2001), its benefits are not consistently demonstrated.
Survival is one of the most commonly reported outcomes in clinical studies. Stuck et al.
(1993) reported in a meta-analysis that outpatient CGA did not improve survival compared
to usual care despite significant survival benefit was observed in inpatient and home-based
CGA. However, two of the four trials of outpatient CGA included in this meta-analysis were
criticized because the subjects were relatively healthy and not targeted as being at high risk
for decline. Since the publication of that meta-analysis, additional studies of outpatient CGA
were conducted with greater attention to targeting frail subjects. These studies showed that
the intervention improved various outcomes in older persons including mental health (Rubin
et al., 1993; Burns et al., 1995, 2000; Reuben et al., 1999; Boult et al., 2001; Cohen et al.,
2002) and functional status (Rubin et al., 1993; Reuben et al., 1999; Boult et al., 2001)
at no increased cost (Rubin et al., 1993; Toseland et al., 1997; Boult et al., 2001; Cohen
et al., 2002). In addition, more than half of these trials about outpatient CGA demonstrated
a trend to improve survival (Epstein et al., 1990; Silverman et al., 1995; Toseland et al.,
1997; Reuben et al., 1999; Burns et al., 2000; Boult et al., 2001) although no one showed
a significant survival benefit.
We hypothesized that the lack of demonstrated association between outpatient CGA and
reduced mortality may be due to the sample size limitations of these individual trials. To
test this hypothesis, we conducted a meta-analysis of all randomized, controlled trials of
outpatient CGA, to determine whether the collective statistical power of these studies would
demonstrate survival benefit for older patients.

2. Methods
2.1. Study identification
We searched the MEDLINE electronic database (1966 to March 2003) using the following
Medical Subject Headings: geriatric assessment, geriatrics, health services for the aged,
outpatient, ambulatory care, ambulatory care facilities, family practice, and primary health
care. The search also included the following key words: randomized clinical trial, geriatric
evaluation and management and comprehensive geriatric assessment. Additional references
were found by reviewing bibliographies from original communications and review articles.
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2.2. Study selection criteria
Three investigators (H.K., K.G.S, J.D.) independently reviewed all potential studies derived from the MEDLINE search. Individual studies had to meet the following pre-determined
criteria in order to be included in the meta-analysis: (1) randomized trial of outpatient CGA
versus usual care, (2) methods section described appropriate targeting strategies to recruit
frail older people at risk for functional decline, excluding those who are either very healthy
or terminally ill, (3) CGA included a multidisciplinary team approach, (4) a physician was
included in the CGA team who had formal geriatric training or extensive experience in the
care of older persons, and (5) death was reported as an outcome measure. If multiple reports
were published from the same trial, only the most recent publication was included in the
analysis. Discrepancies regarding the eligibility of any article were adjudicated by a fourth
investigator (S.L.M.).
2.3. Data abstraction
Using a standardized data abstraction form, two investigators (H.K., K.G.S.) independently abstracted the following data from each eligible study: (1) year of publication, (2)
whether or not the study was set within a Veterans Administration (VA) system, (3) sample size, (4) mean age of subjects (years), (5) duration of follow-up (months), (6) type of
intervention (primary care versus consultation only), and (7) mortality data. We contacted
the studies’ investigators where necessary to clarify the published data. Primary care refers
to an intervention that included assessment and management of the subjects. Consultation
refers to an intervention that included assessment only with recommendations passed on to
another primary care provider to implement. Only one study reported mortality data using
survival analysis (Toseland et al., 1997). Therefore, we analyzed mortality in terms of the
proportion of subjects who were either alive or dead at the end of the studies’ follow-up
period.
2.4. Analysis
Data management and analysis were performed using STATA 7.0 software (STATA Corporation, College Station, TX). Mortality rate was the primary outcome of this meta-analysis.
A combined mortality ratio was used to compare survival between subjects randomized to
receive CGA to those who received usual care in all studies.
Yates correction (Sahai and Khurshid, 1995) was used if the number of deaths was zero
in either group. We used both fixed-effects and DerSimonian and Laird random-effects
models (Deeks et al., 2001) to calculate the pooled risk ratio across the trials. Chi-squared
tests were used to check for heterogeneity among the trials. The influence of individual
trials on the combined mortality risk ratio was examined by omitting one trial at a time,
and calculating a pooled mortality risk ratio with each omission. A visual examination of
funnel plots was conducted for evidence of publication bias. To explore potential sources
of heterogeneity, we performed sensitivity analysis by doing stratified subgroup analyses
for mortality according to: (1) number of subjects (<200, 200–400, >400), (2) type of
intervention (ongoing geriatric clinical care versus one-time consultation only), (3) whether
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the study was conducted in VA setting or not, (4) starting date for data collection, and (5)
duration of management following CGA (<6, 6–12, >12 months).

3. Results
3.1. Eligible studies
One hundred and sixty-nine potentially relevant studies were identified from the MEDLINE search. One hundred and thirty-nine articles were excluded based on abstract review.
The remaining 30 potentially eligible reports were retrieved for full-text review. Fig. 1 illustrates the flow of the selection process of included studies. Nine randomized controlled
trials met full eligibility criteria and were included in this meta-analysis. The characteristics
of the nine studies are summarized in Table 1.
All of the studies were conducted in the United States and published in English. The
sample sizes ranged size from 117 to 1388 subjects, with a total of 3750 subjects in all
nine studies. Among these subjects, 1885 were assigned to receive CGA and 1865 to usual
care. Three of the studies were performed in a VA facility setting and two investigations
were multi-centered trials. CGA was performed as a single consultation in three studies. In
six studies, the intervention comprised CGA followed by geriatric management. The age
of subjects in each trial ranged from 71 to 79 years and the mean age for the nine studies
combined was 75.1 ± (S.D.) 2.2 years. The follow-up duration ranged from 12 to 24 months
with a mean 15.7 ± (S.D.) 8.1 months. Six of the studies found a trend towards improved
survival with CGA, but none reported a statistically significant reduction in mortality.
169 potentially relevant
studies identified and
screen based on
title/abstract

30 full-text reports
retrieved for detailed
review

139

Not relevant to geriatric assessment after title and
abstract review

5
8
2
1
2
3

duplicate studies
not studying the efficacy of outpatient CGA
no appropriate targeting strategy for study subjects
mortality data not reported
not a multidisciplinary team approach
no random allocation of study subjects

9 Randomizerd controlled
trials included in metaanalysis
Fig. 1. Flow chart of literature selection and review for eligibility.

Study (year)

VAa setting

Number of subjects
total (CGA/UCb )

Mean age
(years)

Mean follow-up
(months)

CGA team memberc

Model of care

Mortality risk ratio
(95% CI)

Williams et al. (1987)
Epstein et al. (1990)
Rubin et al. (1993)
Silverman et al. (1995)
Toseland et al. (1997)
Reuben et al. (1999)
Burns et al. (2000)
Boult et al. (2001)
Cohen et al. (2002)

No
No
No
No
Yes
No
Yes
No
Yes

117 (58/59)
390 (185/205)
194 (97/97)
442 (239/203)
160 (80/80)
363 (180/183)
128 (60/68)
568 (294/274)
1388 (692/696)

76.5
76.8
76.7
71.9
74.6
75.6
71.2
78.8
74.2

12
12
12
12
24
15
24
18
12

MD, Psych; N; SW; Nu
MD, NP, SW
MD; Psych, NP, SW
MD, N, SW
MD, NP, SW
MD, NP, SW, PT
MD, NP, SW, Psy, Pharm
MD, NP, N, SW
MD, N, SW

Primary care
Consultation
Primary care
Consultation
Primary care
Consultation
Primary care
Primary care
Primary care

1.02 (0.31, 3.33)
0.85 (0.38, 1.90)
1.07 (0.69, 1.67)
0.59 (0.23, 1.53)
0.67 (0.34, 1.29)
0.09 (0.01, 1.66)
0.66 (0.34, 1.26)
0.93 (0.57, 1.53)
1.05 (0.86, 1.29)

a

VA: Veterans affair medical center.
UC: usual care.
c CGA team member: MD: medical doctor; N: nurse; NP: nurse practitioner; Nu: nutritionist; Pharm: pharmacist; Psy: psychologist; Psych: psychiatrist; PT: physical
therapist; SW: social worker.
b

H.-K. Kuo et al. / Archives of Gerontology and Geriatrics 39 (2004) 245–254

Table 1
Characteristics of trials of outpatient comprehensive geriatric assessment meeting inclusion criteria
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Fig. 2. The impact of CGA intervention on mortality. Mortality risk ratios are displayed on the horizontal axis. The
squares represent the mortality risk ratios for each trial. The size of each square is proportional to the reciprocal
of the variance of the corresponding trial, with 95% confidence intervals indicated by solid horizontal lines. The
diamond indicates the summary mortality risk ratio, with width corresponding to its 95% confidence interval. The
vertical dashed line displays the summary mortality risk ratio of 0.96.

3.2. Effect of outpatient CGA on mortality
After combining the mortality data for the nine studies using meta-analytic techniques,
outpatient CGA was not shown to improve the survival of frail older persons compared to
usual care (Fig. 2). The summary risk ratio for mortality in patients receiving outpatient
CGA intervention, compared with patients receiving usual care, was 0.95 (95% confidence
interval, CI 0.82–1.12). Test for heterogeneity using a chi-squared-test showed a Q test
statistics = 7.15 with 8 degrees of freedom (P = 0.52) indicating a homogenous risk ratio
among studies. Therefore, results are presented using a fixed-effects model.
3.3. Sensitivity analysis and publication bias
Sensitivity analysis was conducted according to the following variables: number of subjects, type of intervention, length of management, whether or not the care was delivered in
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Fig. 3. The relative influence of individual trial. Mortality risk ratios are displayed on the horizontal axis. Studies
omitted are displayed on the vertical axis. Solid dot and horizontal bar means point estimate of mortality risk ratio
and its 95% confidence interval with omission of certain study. Vertical line displays the summary mortality risk
ratio of 0.96. Cohen et al. shows greatest influence on overall result, deviating summary mortality risk ratio from
0.96 to 0.84 with its omission.

the VA setting, and year in which data collection began. The resulting mortality risk ratios
were not statistically significant in any of these subgroup analyses.
The relative influence of each study was examined by sequentially omitting each study
and recalculating the combined mortality risk ratio (Fig. 3). With a large sample size, Cohen
et al. (2002) demonstrated the greatest influence over the results. Excluding this study, the
combined mortality risk ratio was 0.84 (95% CI 0.66–1.07). Omission of other studies did
not change the combined risk ratio.
We used a funnel plot to ascertain publication bias, graphing the logarithm of trial effect
sizes (mortality risk ratio) on the horizontal axis and the number of participants in each trial
on the vertical axis. Our results demonstrated a minimal degree of publication bias.

4. Discussion
In this meta-analysis, outpatient CGA has no demonstrable benefit for the survival of
older, frail patients compared to usual care. Our findings support and extend the result of
an earlier meta-analysis of CGA (Stuck et al., 1993), which also found no improvement
in survival with outpatient CGA compared to usual care. However, the interpretation of
efficacy of outpatient CGA from this Stuck et al. (1993) was limited because it only included
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four trials of outpatient CGA (Tulloch and Moore, 1979; Williams et al., 1987; Yeo et al.,
1987; Epstein et al., 1990), two of which (Tulloch and Moore, 1979; Yeo et al., 1987)
did not adequately target frail elders. Our meta-analysis is the first one to combine all
appropriately targeted, randomized, controlled trials of outpatient CGA conducted through
2002. Therefore, inadequate statistical power is unlikely to explain the lack of survival
benefit of outpatient CGA reported to date. Our sensitivity analysis, which failed to identify
any subgroup of studies demonstrating significant survival benefit with outpatient CGA,
further supports the robustness of this finding. While outpatient CGA may have other
benefits for community-dwelling older persons at risk for decline, it is unlikely to result in
life prolongation.
CGA delivered in other settings such as inpatient service or home healthcare, however,
demonstrates significant survival benefit in several studies (Hendriksen et al., 1984; Vetter
et al., 1984; Applegate et al., 1990; Saltvedt et al., 2002) and meta-analyses (Rubenstein
et al., 1991; Stuck et al., 1993). The mechanism for the fact that inpatient and home-based
CGA have survival benefit while outpatient CGA does not is still unclear. This discrepancy of survival benefit may be explained by some hypothesized features that outpatient CGA does not have, such as intensive rehabilitation and improved patient adherence during hospitalization, and frequent and scheduled home visit to monitor treatment
effect and patient compliance. In addition, several possible reasons can explain the lack
of survival benefit for outpatient CGA. First, it is possible that strength of the interventions in these studies (e.g., the expertise of the CGA team or the implementation of
their recommendations) was weak, offering limited benefit over usual care to the extent
that survival would be affected (Reuben et al., 1999). Second, the subjects included in
these studies were all specifically targeted to be at risk for physical decline. Although
the lack of targeting has been a criticism of earlier studies of outpatient CGA, it may be
that these subjects were, in fact, too frail for outpatient CGA intervention to impact their
survival.
While survival is the most commonly reported outcome in trials of CGA, the prolongation
of life is not necessarily the most relevant goal for many frail elders. All trials included in our
meta-analysis examined other important outcome for outpatient CGA, including: functional
status (Williams et al., 1987; Epstein et al., 1990; Rubin et al., 1993; Silverman et al., 1995;
Toseland et al., 1997; Reuben et al., 1999; Burns et al., 2000; Boult et al., 2001; Cohen
et al., 2002), cost (Williams et al., 1987; Rubin et al., 1993; Silverman et al., 1995; Toseland
et al., 1997; Boult et al., 2001; Cohen et al., 2002), patient satisfaction (Williams et al.,
1987; Epstein et al., 1990; Rubin et al., 1993; Toseland et al., 1997; Reuben et al., 1999;
Burns et al., 2000; Boult et al., 2001), rates of institutionalization or hospitalization (Williams
et al., 1987; Epstein et al., 1990; Rubin et al., 1993; Silverman et al., 1995; Toseland et al.,
1997; Burns et al., 2000; Boult et al., 2001). The efficacy of outpatient CGA in each of
these areas is not consistently demonstrated. Unfortunately, these outcomes are not measured in a uniform manner such that data synthesis could be used as valid approach to
resolve inconsistencies.
Our study has several limitations. Based on our predetermined eligibility criteria, all nine
included studies were conducted within the United States, thereby affecting the generalizability of our results. It is possible that within other health systems, CGA may provide a
survival benefit over usual care practices. Publication bias may have affected our results, as
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found on our funnel plot. However, we believe that our search strategy was thorough and
that this bias was minimal.
While evidence to date does not suggest survival benefit for outpatient CGA, it remains an
important approach to deliver health care to this population. Its tenacity may be due, in part,
to potential benefits on other important outcomes to older persons, such as delayed institutionalization, reduced costs, and improved quality of life. However, meta-analysis of these
outcomes has been impeded by inconsistent measures and incomplete reporting. Future
studies of CGA should focus on coordinated and standardized measurement of these outcomes to facilitate comparison of individual study findings and future meta-analytic efforts.
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