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ABSTRACT

The Frailty and Injuries: Cooperative Sudies of Interven-
tion Techniques (FICST) was a linked series of randomized
clinical trials focused on the benefits of exercise in the frail el-
derly. This article uses covariate-adjusted preplanned
meta-analyses of FICS T data to evaluate the effect of exercise
on quality of life (QOL) outcomes (N = 1,733; age= 73.4+ 6.1
years). Results indicate that (a) exercise produced a small but
significant improvement in the emotional health component of
QOL, trended toward an improved social component, and did
not effect perceptions of general health; (b) exercise-related
joint and muscle stresses did not increase bodily pain; and (c)
QOL improvements were independent of changes in physical
functioning. We conclude that exercise can improve QOL in the
frail elderly but that the magnitude of theimprovement is modest
in size. The benefits of a meta-analytical approach for docu-
menting efficacy outcomes across different types of interven-
tions are discussed.

(Ann Behav Med 2001, 23(3):186-197)

INTRODUCTION

The health benefits of physical activity are well docu-
mented in epidemiological research (1). Long-term observa
tional datafrom the Alameda County Study (2,3) show that lei-
suretime physical activity is associated with reduced morbidity
and mortality and better functioning in older adults. Regular ex-
ercise has been hypothesized to improve health and well-being
through mechanisms that include improved self-efficacy, ex-
panded socia networks, attention effects, and direct physiologi-
cal responses (4,5). Yet, until recently, prevention oriented exer-
cise interventions have not been conducted in older populations
that have been assumed to be uninterested in or unable to adopt
changed lifestyles (6). These preconceptions are being chal-
lenged by recent studies that demonstrate that older people can
be successfully recruited and retained in exercise programs, al-
though long-term maintenance of health behaviors till remains
an issue (7-9).

Although some intervention studies have shown that exer-
cise may benefit frail older people (10-13), most previous re-
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search on exercise interventions has been conducted in healthy
younger populations or based on small sample sizes, inadequate
controls, or little standardization of outcome assessments. An
exceptionisaset of linked randomized clinical trias, the Frailty
and Injuries: Cooperative Studies of Intervention Techniques
(FICSIT) (14). Thesetriasinvolved eight clinical sitesand were
designed to test the effectiveness of several exercise-oriented in-
terventions in the frail elderly. The eight sites recruited more
than 2,500 older persons at risk for fall-related injury.

Although FICSIT focused primarily on physiologic and fit-
ness benefits, these trials also examined qudlity of life (QOL), an
outcome category that has been shown to be potentially modifiable
by exercise (15) and that has several domains which can be differ-
entidly affected by exercise interventions (16). Theinclusion of a
well-tested and widely used standardized measure makes FICSIT
one of the largest controlled studies to assess the benefits of exer-
cise on different domains of QOL in frail older adults.

The purpose of this article is to discuss the effects of exer-
cisein older adultsonfour QOL scales of the Medical Outcomes
Study (MOS) Short Form—36 (SF—36). We were particularly in-
terested in whether the potential QOL benefits of exercise are
partially offset by increased bodily pain resulting from the phys-
ical burden of the exercise. To address these issues, we em-
ployed meta-analysis in a unique context: when raw data were
available to compute prespecified site specific covariate-ad-
justed summary statistics, and when there was no possibility of
publication bias (17,18) and selection bias (19,20) because in-
cluded studies were chosen in advance. Specifically, we per-
formed covariate-adjusted meta-analyses to (a) assess the effect
of exercise onthefour QOL outcomes, (b) investigatethe effects
of exercise on QOL measures according to the predominant in-
tervention type (resistance, endurance, flexibility, balance), and
(c) examine the association between changesin QOL and physi-
cal function.

METHOD

Datadiscussed herein were collected as part of the National
Ingtitute on Aging and National Center of Nursing Research
sponsored study, known as FICSIT. FICSIT was a multicenter
investigation of exercise-related interventions, with outcomes
including functional status, falls, fall-related injuries, and QOL.
The selection of FICSIT QOL measures, and issues related to
QOL assessment in the elderly, are discussed elsewhere by
Kutner et al. (16).
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The eight FICSIT clinics defined their own interventions
using site-specific endpoints and eval uations and, aside from the
requirement that all participants be elderly, their own eligibility
requirements. At the same time, an extensive database, devel-
oped jointly by the clinical sites and the Coordinating Center at
Washington University in St. Louis, containsdatacommonto all
or to several FICSIT sites. Thus, the unique FICSIT design had
the flavor of amulticenter clinical trial in that eight studieswere
linked with a coordinating center and alarge common database.
Results from the four FICSIT sites that collected QOL data are
included in this report. More general findings on physiological
mediators and fall outcomes are found elsewhere (21). Details
of the four designs, each of which isarandomized exercisetria
involving community-dwelling participants, are discussed in
other reports (22-25). Table 1 provides summary information
about each trial, with Panel A providing general information and
Panel B providing the details of the intervention.

Variables and M easures

The four dependent variables were the general health per-
ceptions, emotional health, socia functioning, and bodily pain
scales of the MOS SF-36 (26-27), in which the pain scale is
viewed primarily as an adverse symptom in our analysis. All
scores range from 0 to 100. FICSIT began prior to the publica-
tion of the final version of the SF-36, so the prepublication ver-
sion was used. However, because differences between prepubli-
cation and final versions are small, they should not affect the
interpretation of results. The physical functioning subscale of
the MOS was not included because this construct was treated as
acovariate in these analyses.

Prospectively defined covariates were age, gender, and gait
speed. Gait speed was measured in meters per second using a
previously described common protocol (28). Gait speed was se-
lected as an indicator of physical functioning because it corre-
lates well with other physical function measures and with the
risk of falling (29), and becauseit correl ates better with self-per-
ceived physical function than any other available physical per-
formance measure (30). To investigate the effect of specific
characteristics of the exercise programs on the outcome mea-
sures, we present each arm of each intervention according to
which of four training components it included (resistance, en-
durance, flexibility, balance) and according to a subjective as-
sessment of the intensity of the intervention (low, medium, or
high intensity).

Intensity of the Intervention

Our meta-analytic results are presented according to a sub-
jective categorization of the intensity of the relevant interven-
tion as high, medium, or low. The primary determinant was the
vigor of the prescribed exertion, but the ordering would corre-
late precisely with a measure of kilocalories burned per week
that combined information about the number and duration of the
sessionsaswell asthelevel of exertion. Therewaslittle ambigu-
ity in defining the categories because the Seattle target of 75%
of maximal heart rate after 2 months was by far the most vigor-
ous, and the program in Portland that involved brisk walking
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was clearly the least intense because it was both less vigorous
and for fewer minutes per week than in the other sites.

Statistical Analysis of Data

Our primary data analytic tool was a meta-analysis per-
formed separately for each outcome measure. The purpose was
to assessthe covariate-adjusted combined effect of interventions
on poststudy values. The meta-analytic approach is based on the
two-stage procedure devel oped by DerSimonian and Laird (31)
and discussed by Fleissand Gross (32). Thefirst stage generated
summary statistics for each treatment arm in each FICSIT site.
Within site regression analyses were performed with the
poststudy value of the outcome measure as the dependent vari-
able and with covariates and treatment group as predictors. For
each treatment arm in each FICSIT site, these analyses yielded
adjusted means plus or minus standard errors of the poststudy
value of each dependent variable. Control group means were
then subtracted from treatment group means, and the difference
and associated standard error served as a covariate adjusted
measure of the effect of each intervention in each site.

The second stage in this process used the aforementioned
adjusted mean differences and standard errors as raw data that
generated pooled estimates of the overall effect of interventions
on each outcome measure. The pooled estimateswere computed
using the DerSimonian and Laird meta-analysis procedure and
areappliedto al nineinterventionsevaluated inthefour FICSIT
sites included in this article. We aso applied these methods to
four overlapping subsets of the nine interventions: those that
contained a resistance component (n = 4 interventions), a bal-
ance component (n = 4), an endurance component (n=3), and a
flexibility component (n = 4).

All data were analyzed using SAS (33-34). Chi-square
tests and a one-way analysis of variance tested the equality of
means and proportions across sites. Because the intensity mea-
sure was subjective and could not include the component of in-
tensity that reflects participant compliance, we had no prede-
fined analytic strategy for dealing with this variable. Instead, a
graphical presentation of the impact of each intervention is pre-
sented according to the level of intensity. Subjective evaluation
of these graphs provided no obvioustrends, so no formal statisti-
cal analysis of the intensity variable was performed.

RESULTS

A total of 1,733 participantsfrom four FICSIT sitesare dis-
cussedinthisarticle. Mean age (= SD) was 73.4 + 6.1 years, and
55.6% of participants were women. Table 2 contains a detailed
description, by site and treatment arm, of baseline characteris-
tics of the sample. As areflection of the different entry criteria
across sites, Table 2 reports significant between site differences
in six of the seven tabulated variables.

Table 3 contains site and intervention-specific information
about the covariate-adjusted effect of the individual interven-
tions. The table describes each intervention according to
whether it contains a resistance, endurance, flexibility, or bal-
ance component. Reported mean values are the adjusted
postintervention values of each outcome measure. They were



TABLE 1
Characteristics of the Four Included FICSIT Trials

Panel A: General Characteristics of Trial

Ste No. and Primary
Location Intervention (Detailsin Panel B) N Eligibility Criteria Qutcomes
Site 1: Control group versus endurance 1,323 intwo groups At least age 65; community Falsand
Portland, OR  exercise group. Modify dwelling; ambulatory; at least fall-related
) environmental risks at home to onefal inlast year, anear fal injuries
reduce falls. in last month, or at least age
75
Site 3: Modified 2 x 2 factorial design 100 in four groups Age 68-85, community Strength,
Seattle, WA using resistance and endurance dwelling, ambulatory, no aerobic capacity,
(23 training. Reduced endurance severe cognitive impairment, gait,and balance
exercise time in group receiving no participation in vigorous
both interventions. exercise, moderate gait and
balance impairments
Site 5: Three groups: Control group 200inthreegroups At least age 70, community Balance, range
Atlanta, GA meets once aweek for education dwelling, ambulatory, no of motion,
(249) Session; interventions groups are major debilitating illness activities of
a static balance exercise group daily living,
using a balance platform and a instrumental
dynamic balance group using Tai activities of
Chi daily living
Site 8: 2 x 2 factoria design with 110 in four groups At least age 75, community Balance on
Farmington, balance and resistance training dwelling, ambulatory, no balance
CT (25) cognitive impairment or platform, gait,
terminal illness functional
mobility
Panel B: General Characteristics of Interventions
Duration of
Ste No. Type of Intervention Method Frequency of Sessions Session Length Trial
1 Endurance component?2 Large group 4-6/week total 30miningroup 4 months
(one/week), and 15 min at
unsupervised home
vigorous walking
(3-5/week) at home
1 Flexibility component2 Small group 11 sessions 30 min 4 months
1 Education component? Small group 11 sessions 30min 4 months
3 Endurance + flexibility Small group 3/week lhr 6 months
3 Resistance + flexibility Small group 3lweek lhr 6 months
3 Endurance + resistance + Small group 3/week 1lhr 6 months
flexibility
5 Balance Individual in lab 1/week 50 min 15 weeks
5 Tai Chi Small group 2/week 1lhr 15 weeks
(Lweek),
unsupervised
(L/week)
8 Balance Individual 3/week 45 min 13 weeks
8 Resistance Small group 3/week 45 min 13 weeks
8 Balance + resistance Individual + small 3/week 90 min 13 weeks

group

Note. All trials are randomized. FICSIT = Frailty and Injuries: Cooperative Studies of Intervention Techniques.
aThethree componentsat Site 1 are each part of theintervention for theonly intervention group at that site. For al other sites, the number of tabulated groups
corresponds to the number of intervention groups at the site.
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TABLE 2
Baseline Characteristics by FICSIT Site and Treatment Group

Covariates Outcome Measures
Baseline MOS Baseline MOS Baseline

Steand % Baseline Gait General Emotional MOSPain Baseline MOS

Treatment Arm Age Female Soeed Health Health Score Social Scale

All participants? 734+ 6.1 55.6 0.99+0.2 69.4+ 18.8 77.0+ 33.8 69.9+ 234 86.4+ 19.7

Portland® 73.4+6.1 53.3 0.92+0.2 67.6+19.2 76.2+ 34.8 67.0+23.8 85.5+ 20.2
Controlc 723+6.3 52.6 0.93+0.2 67.1+19.4 76.3+34.3 66.7 + 23.7 84.7 + 20.6
Individualizedd 725+5.9 54.0 0.91+0.2 68.1+19.1 76.0 £ 35.3 67.3+239 86.4+ 19.7

Seattles 752+ 4.8 51.0 1.32+0.2 75.6+14.4 79.3+30.3 76.8+ 20.4 87.9+18.1
Controlf 76.4+ 4.9 52.0 1.23+0.2 77.7+129 73.3+34.7 76.4+17.1 89.3+ 159
Resistancef 73.8+4.1 52.0 1.35+0.2 758+ 11.1 86.7 + 28.9 74.7 + 20.7 81.3+24.6
Endurancef 75.4+5.1 52.0 1.34+0.2 785+ 17.7 78.7+27.0 79.6 + 23.3 89.8+ 15.7
Resistance and 75.2+4.7 48.0 1.35+0.2 70.6 £ 14.7 78.7 +30.2 76.4+21.1 91.1+13.6
endurancef

Atlantad 75.7+4.7 80.5 1.16+0.2 747 +17.2 78.3+31.3 79.6 +18.9 90.1+16.6
Controlh 749+ 4.1 84.4 1.19+0.2 726+ 178 745+ 36.5 80.2+17.0 87.7+19.5
Balance" 75.8+5.1 76.6 1.15+0.2 769+ 16.2 76.6 + 31.2 79.0+ 19.5 91.1+16.5
Tai Chil 76.4+ 4.9 80.6 1.15+0.2 747+ 175 83.3+ 25.6 79.6 + 20.1 91.4+ 135

Farmingtoni 79.3+3.9 41.8 1.09+0.2 754+ 15.8 83.2+28.0 821+174 89.6+ 19.9
Controlk 80.1+45 40.7 1.07+£0.2 755+ 14.0 82.1+28.6 80.8+ 15.6 90.2+17.9
Resistance 79.8+ 4.0 39.3 1.05+0.2 73.7+15.3 85.3+25.6 81.3+219 88.9+24.0
Balance 784+ 28 429 1.12+0.2 76.4+16.0 84.0+29.8 85.6+ 154 86.0 + 23.6
Resistance and 79.0+4.1 444 1.10+0.2 76.0+ 18.3 81.3+29.0 80.4+ 16.8 93.8+12.0
bal ancek

p value comparing <.0001 <.0001 <.0001 <.0001 170 <.0001 .005

Sites™

Note. FICSIT = Frailty and Injuries. Cooperative Studies of Intervention Techniques; MOS = Medical Outcomes Study.
aN=1,733.bn=1,323.°n=662. In = 661. = 100. fn=25.9n=200. "h=64.'n=72.in = 110. kn = 27. 'n = 28. ™p val ues generated using analysis of variance

and, for gender, a chi-square test.

generated by alinear regression in which the dependent variable
was the poststudy value of the outcome measure and the inde-
pendent variables were age, gender, baseline gait speed, the
baseline value of the relevant outcome measure, and the treat-
ment group to which the patient was assigned. Reported p values
are adjusted for covariates, with each representing a test of the
null hypothesisthat the postintervention adjusted mean val ue of
the outcome measure in the control group equals the corre-
sponding mean in the relevant intervention group. Because
postintervention outcome data were missing for some
participants, sample sizesin Table 3 are somewhat reduced.
Figures 1 through 4 report the results of the meta-analyses,
onefigure per outcome. Each graph contains information about
the difference between the covariate-adjusted final value of the
outcome in the control group and the corresponding adjusted
value in the relevant intervention group. Graphed values are
means and 95% confidence bounds, with positive values indi-
cating that theintervention was associated with improved QOL.
The top nine bars in each figure present means and confi-
dence bounds that compare control groupswith individual inter-
ventionsin each site. They are divided into three groups accord-
ing totheintensity of theintervention. Thefinal five barsin each
figure report the meta-analytic results. Because all interventions
involved exercise, the pooled estimate |abeled Exercise in each

figure reflects a meta-analysis of al nine interventions. Thisis
the primary, predefined hypothesis test. The specific interven-
tions that generate the pooled estimates of resistance, balance,
endurance, and flexibility can be determined from the Type of
Exercise column of Table 3. Table 4 provides covariate-adjusted
measures of the between group differences associated with each
meta analysis summarized in Figures 1 through 4. Confidence
bounds and p values associated with these effect sizes are also
contained in Table 4.

The Effect of Interventionson the
General Health Perceptions Scale

Figure 1 and thefirst results column of Tables 3 and 4 sum-
marize the effect of FICSIT on the general health scale of the
MOS. Table 3 indicates that with one exception, none of the ad-
justed within site evaluations of the effect of specific interven-
tions on general health was significant. The exception was that
in Site 8 (Farmington), the combined resistance and balance in-
tervention was associated with improved general health (p =
.021). However, the meta-analysesin Figure 1 indicate that none
of the five intervention categories showed even a trend toward
significance, with the smallest p value at .300.
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TABLE 3
Effect of FICSIT Interventions on the General Health, Emotional Health, Pain, and Social Subscales of the MOS

General Health Subscale Emotional Subscale Pain Subscale Social Subscale
Treatment Adjusted Adjusted Adjusted Adjusted
FICST Site Group M+ SE p M+ SE p M+ SE p M+ SE p
Site 1: 1. Control 69.0+ 0.5 77.2+1.1 69.7+ 0.8 85.7+0.7
Portland,OR2
2. Individual- 68.7+ 0.5 .667 809+ 1.2 .029 70.2+0.8 .673 87.4+0.7 .060
ized (endur +
flex)
R2= 551 R2=.217 R2=.339 R2=.310
Site 3: 1. Control 759+21 79.3+5.9 78.4+ 3.6 90.2+ 3.9
Seattle, WAP
2. Resist + flex 769+ 23 757 887+6.4 .289 79.3+ 3.8 .869 90.5+4.2 .958
3. Endur + flex 774+22 .624 83.8+ 6.2 .599 77.7+3.8 .893 88.9+ 4.0 .818
4. Resist + 750+ 21 756 795+5.8 .982 76.7+35 731 85.2+ 3.8 .353
endur + flex
R2 =565 R2=.124 R2=.334 R2=.073
Site 5: 1. Control 749+ 1.4 713+ 37 766+ 2.1 85.3+2.6
Atlanta, GA®
2. Static 73.1+14 .360 82.3+3.8 .039 789+ 21 442 905+ 27 164
balance with
platform
3. Tai Chi 748+ 1.3 .966 80.6+ 35 .073 77.8+1.9 .680 84.1+24 .738
(dynamic
balance)
R2=.683 R2= 257 R2= 424 R2=.189
Site 8: 1. Control 746+ 23 84.2+57 742+ 3.9 91.3+4.0
Farmington,
CTd
2. Resistance 75.1+23 872 83.2+57 .899 720+ 3.9 .687 86.0+ 4.0 .355
3. Baance 744+ 23 .952 68.9+5.8 .066 73.6+4.0 913 855+ 4.2 .320
4, Resistance + 82.3+23 .021 85.7+ 6.0 .854 824+ 4.0 150 86.5+ 4.2 408
balance
R2= 519 R2=.223 R2=.395 R2=.109

Note. Least square means are adjusted for age, gender, baseline gait speed, and baseline score on the relevant subscale in within site analysis of variance
models that use the posttreatment score on the relevant subscal e as the dependent variable. For each subscale, p values compare each treatment arm with the
control arm in the same site. FICSIT = Frailty and Injuries: Cooperative Studies of Intervention Techniques, MOS = Medical Outcomes Study.

an =1,218.Pn=90. °n = 175.9n = 91.

The Effect of I nterventions on the Emotional
Health Scale

Figure 2 and the second results column of Tables 3 and 4
summarize the effect of FICSIT interventions on the emotional
health scale. Table 3 indicatesthat after adjusting for covariates,
the final emotional health score at Site 1 (Portland) was signifi-
cantly greater (i.e., an improvement) in the intervention group
(80.9 £ 1.2, p =.029) than in the control group (77.2 + 1.1). In
Site 5 (Atlanta), the adjusted final score was greater in the bal-
ance group (82.3 + 3.8, p = .039) than in the control group (71.3
+ 3.7). Alsoin Atlanta, the emotional health scoreinthe Tai Chi
group (80.6 £ 3.5) was almost significantly greater (p = .073)
than in the control group. Finaly, Table 3 demonstrates that in
Site 8 (Farmington), the adjusted final emotional health scorein

the balance group (68.9 £ 5.8) was almost significantly lessthan
the score in the control group (84.2 + 5.7, p = .066).

The meta-analyses presented in Figure 2 indicate that for
three of the five intervention categories, the pooled adjusted fi-
nal emotional health score was significantly greater in theinter-
vention than in the control group. Specifically, Table 4 indicates
that the adjusted effect of all interventions combined wasto in-
creasethe emotional health scoreby 3.97 + 2.0 (p=.043). Inad-
dition, endurance exercise programs were associated with asig-
nificant increase (after subtracting off the control group change)
in the emotional health score of 3.59 + 1.6 (p = .027), and flexi-
bility programs were associated with a greater final emotional
health score than control programs (3.78 + 1.6, p=.018). Dueto
the anomal ous negative result in Farmington (Site 8), there was
significant heterogeneity (p = .041) with respect to the balance
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FIGURE 1 Effect of exercise interventions on the general health
scale of the Medical Outcomes Study Short Form—36. Thetop ninebars
contain point estimates and 95% confidence boundsfor individual esti-
mates ordered by intensity. Thefinal five bars contain meta-analytic re-
sults for all nine interventions and separately for each of four exercise
categories (which evaluate, respectively, four, four, three, and four in-
terventions). The horizontal axis measures pre- to postintervention
changesin raw scores. The numbers preceding the labels of the type of
exerciserefer to FICSIT sites: 1 = Portland, 3 = Seattle, 5= Atlanta, and
8 = Farmington.

intervention. There was no evidence of heterogeneity with re-
spect to any of the other four meta-analyses.

Because there were significant changes in the emotional
health scale, we eval uated factors associated with changesin the
scale, with a particular focus on whether they were associated
with changes in gait speed. There was amost no correlation
(.021) between changes in gait speed and changes in the emo-
tional health scale (p = .433). Thislack of correlation wasinde-
pendent of treatment group assignment. When the meta-analy-
ses presented in Figure 2 were repeated with change in gait
speed replacing baseline gait speed as a covariate, the results
were almost identical to those in the figure. In particular, the
same pattern of significant pooled results for all interventions
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FIGURE 2 Effect of exercise interventions on the emotional health
scale of the Medical Outcomes Study Short Form—36. Thetop ninebars
contain point estimates and 95% confidence bounds for individual esti-
mates ordered by their intensity. The final five bars contain meta-ana-
lytic resultsfor all nineinterventionsand separately for each of four ex-
ercise categories (which evaluate, respectively, four, four, three, and
four interventions). The horizontal axis measures pre- to
postintervention changes in raw scores. The numbers preceding the la-
belsof thetype of exerciserefer to FICSIT sites: 1 = Portland, 3 = Seat-
tle, 5 = Atlanta, and 8 = Farmington.

combined and for the endurance and flexibility exercises only
was repeated. To further assess changes in the emotional health
scale, we note that there was no association between changesin
thisscaleand age (—.006, p =.810) or gender (p=.914 by t test).

The Effect of I nterventions on the Pain Scale

Figure 3 and the third results column of Tables 3 and 4 sum-
marize the effect of interventions on the MOS pain scale. Table
3 indicates that none of the adjusted within site evaluations ap-
proached significance. Moreover, the meta-analyses at the bot-
tom of Figure 3 indicate that none of the five intervention cate-
gories showed a significant difference between treatment and
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FIGURE 3 Effect of exercise interventions on the pain scale of the
Medical Outcomes Study Short Form—36. The top nine bars contain
point estimates and 95% confidence boundsfor individual estimatesor-
dered by their intensity. Thefinal five bars contain meta-analytic results
for al interventions and separately for each of four exercise categories
(which evaluate, respectively, four, four, three, and four interventions).
The horizontal axis measures pre- to postintervention changes in the
raw scores. The numbers preceding thelabel s of thetype of exercisere-
fer to FICSIT sites: 1 = Portland, 3 = Seattle, 5 = Atlanta, and 8 =
Farmington.

control. The smallest of the five p valuesis shown in Table 4 to
be .239.

The Effect of Interventionson the Social Scale

Figure 4 and thefinal results column of Tables 3 and 4 sum-
marizethe effect of the FICSIT interventions on the social scale.
Table 3 indicates that none of these adjusted within site evalua-
tions was significant. However, there was a clear trend in Port-
land (Site 1) where the intervention was almost significantly as-
sociated with a greater final adjusted social scale score (87.4 +
0.68, p = .060) than the control group (85.7 £ 0.68). Although
there was a suggested effect in Portland, the other sites did not
add to the trend and none of the meta-analyses in Figure 4 was
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FIGURE 4 Effect of exercise interventions on the social scale of the
Medical Outcomes Study Short Form-36. The top nine bars contain
point estimates and 95% confidence boundsfor individual estimatesor-
dered by their intensity. Thefinal five bars contain meta-analytic results
for al nine interventions and separately for each of four exercise cate-
gories (which evaluate, respectively, four, four, three, and four inter-
ventions). The horizontal axis measures pre- to postintervention
changesin raw scores. The numbers preceding the |abels of the type of
exerciserefer to FICSIT sites: 1 = Portland, 3 = Seattle, 5= Atlanta, and
8 = Farmington.

significant. The endurance (p = .103) and flexibility (p = .106)
exercise programs came closest (see Table 4). Therewas no sug-
gestion of heterogeneity in any of these meta-analyses.

Because there were suggested changes in the social scale,
we evaluated factors associated with these changes more
closely. As a consequence of the large sample size, the small
correlation between changesin gait speed and changesin the so-
cial scale (.052) was nearly significant (p = .055). However,
when the meta-analyses presented in Figure 4 were repeated
with the change in gait speed replacing baseline gait speed as a
covariate, results were almost identical to those in the figure.
There was no correlation between changes in the social scale
and either age or gender.
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TABLE 4
Effect Sizes and Significance Levels Associated With Results of Meta-Analyses

Type of No. of Subscale
Intervention in Interventionsin
Meta-Analysis Analysis General Health Emotional Pain Social
Exercise (al 9 -0.05+ 0.6 (-1.2,1.1) 3.97+20(0.1,7.8) 0.71+0.9(-1.0,25) 1.10+ 0.8 (0.6, 2.8)
interventions)
p .937 .043 427 192
Resistance 4 196+1.9(-1.7,5.7) 228+ 4.2(-5.9,10.5) 1.07+2.7(4.2,6.3) -3.79+2.8(-94,1.8)
p .300 .586 .690 182
Balance 4 0.08+ 1.8(-2.7,4.4) 3.07+54(-75,13.7) 215+ 18(-14,5.7) -0.43+25(-54,45)
p .648 570 .239 .865
Endurance 3 -0.25+ 0.7 (-1.6, 1.1) 3.59 + 1.6(0.4, 6.8) 0.32+1.1(-1.8,24) 153+ 0.9(-0.3,34)
p 724 .027 762 103
Flexibility 4 -0.19+0.7 (-1.5,1.2) 3.78+ 1.6 (0.6, 6.9) 0.35+1.0(-1.7,2.4) 150+ 0.9(-0.3,3.3)
p 781 .018 741 .106

Note. Entriesare M + SE of the covariate adjusted change in the outcome measure generated by the specific meta-analysis. Numbersin parentheses are
95% confidence bounds on the covariate adjusted differences. p values test the null hypothesis that mean differences are zero.

DISCUSSION

Although the literature on effects of exercise on QOL do-
mains measured by the SF-36 is extensive, intervention results
have been inconsistent. McAuley (35) reviewed 23 studies that
evaluated the association between exercise and psychological
well-being in people of all ages and concluded that 69% were
suggestive of positive associations. The results are equally in-
consistent in older populations. In a randomized study of 357
older adults, for example, King, Taylor, and Haskell (36) found
that exercise reduced anxiety, depressive symptoms, and per-
ceived stress. Although other intervention studies (37-38) have
provided similar evidence of a positive association between ex-
ercise and measures of psychological well-being in older adults,
studies finding no positive differences have been equally com-
mon (12,39-41).

One reason for the inconsistent results noted in previous
studies may be diversity in the intensity, duration, and other as-
pects of the exercise programs themselves. Although the epide-
miological literature suggests a dose response effect with addi-
tional health benefits being achieved through greater amounts of
physical activity (1), exerciseintensity did not seem to be ama-
jor factor in our analysis.

Alternatively, it is possible that differences in outcome
measures are responsible, with the MOS not being as sensitive
as more detailed measures of anxiety or depression. It is also
possible that participants recruited into studies may be at ahigh
level of psychological well-being at the beginning of the study,
thus making it more difficult to detect improvements on generic
QOL scales. Based onthe FICSIT experience, wewould recom-
mend that future studies incorporate more detailed psychologi-
cal assessment measuresif QOL isamajor outcome variable of
interest.

Finally, the problem may liein thefact that intention to treat
analysis may minimize overall intervention effects if compli-
anceto prescribed interventionsislow or if study participantsin
control groups increase activities on their own. Studies examin-
ing QOL effects in those who adopted and maintained a new

level of physical activity suggest more positive outcomes (42).
Other recent studies are indicating that particular intervention
strategies may be more effective in different populations and
that futureintervention efforts should be better tailored to partic-
ipant’s functional levels and preferences (43).

A major concern regarding vigorousexercisein older adults
is the risk of injury and pain (44). Figure 3 demonstrates that
therewas no trend toward exercise-induced increasesin pain, ei-
ther intheindividual FICSIT sitesor in the meta-analyses. This
result suggests that none of the exercise programs created
chronic muscle or joint pain, or other injuries, that were suffi-
cient to be noticed above the general background of pain and
discomfort experienced by these elderly participants. Because
FICSIT participants were elderly individuals with many poten-
tial sources of pain (e.g., 64% of our sample reported having ar-
thritis), and because none of the interventions was focused spe-
cifically on any of those sources, we are not surprised that pain
was hot reduced. On the contrary, one may reasonably expect an
increasein paininafrail elderly population subjected to the re-
peated stress of vigorous and frequent exercising. We view the
absence of such anincrease as an important positive finding, al-
though recent findings demonstrating that flexibility and
stretching types of exercises can reduce pain in sedentary older
adults are quite intriguing (45).

There was a significant improvement in the emotional
health score that essentially translates into perceptions of less
interference in work and other daily activities due to emotional
problems. Thisfinding is consistent with the general conclusion
from the 1996 Surgeon General’s Report on Physical Activity
and Health (1). That report documented the potential of physical
activity for enhancing psychological well-being by improving
mood, relieving depression, and providing a personal sense of
accomplishment. Although not directly tested in this meta-anal -
ysis, FICSIT interventions may have increased self-efficacy and
the sense of mastery that help to provide focus and meaning to
on€e's life. It is noteworthy also that the changes we observed
were not correlated with changes in gait speed and that they
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were maintained after adjusting for such changes. Thus, our data
suggest that the impact of exercise on self-perceived emotional
health cannot be explained by improved physical functioning in
these participants, at least as assessed by gait speed.

The general health scale scores in the combined resistance
and balance group in the Farmington siteimproved significantly
following the intervention. However, no other intervention
showed a trend toward an improvement, and all meta-analyses
of this measure demonstrated changes that were clustered
around zero. The lack of aresponse in this domain suggests, as
one may expect, that the FICSIT interventions had limited abil-
ity to broadly affect perceived health. Indeed, respondents who
scored poorly on this parameter generally had the burden of one
or more chronic conditions that the interventions were not de-
signed to affect.

There was anonsignificant trend toward endurance and flex-
ibility exerciseshaving abeneficial effect onfactorsthat are asso-
ciated with socia functioning. Figure 4 indicates that the sug-
gested benefit was small in magnitude and that the effect results
entirely from Portland where the site-specific analysis demon-
strated that the intervention was associated with a nearly signifi-
cant improvement in the social scale (p = .060). As distinct from
other FICSIT sites, Portland conducted a group intervention em-
phasizing social reinforcement, theimplication isthat any impact
of exercise on socid functioning may be mediated more by the
social nature of the intervention than by enhanced mobility and
self-confidence resulting from the exercises themselves.

The decision to use meta-analysis in this article was pro-
spective and based on several considerations. First, publication
bias (17,18) and selection bias (19,20) are common problemsin
many meta-analyses, with substantial evidence showing that re-
search with positive results is more likely to be published than
research with negative findings (17,18). Thus, literature-based
meta-analyses tend to be biased in favor of treatment. Addi-
tional problems related to the selection of articles can occur
when researchers are aware of the results of articles being con-
sidered for inclusion, when time has changed the standard of
care, and when large variability in the quality of selected articles
means that meta-analytic conclusions reflect research quality as
much as treatment efficacy. Because FICSIT preselected the
data to be analyzed and provided central oversight of research,
these problems are either nonexistent or limited.

A second benefit of meta-analysis in this context is that
most such analyses combine findings from studies that differ in
sample and intervention characteristics and in outcome mea-
sures. Although FICSIT participants and interventions varied
across sites, outcome measures were prospectively defined us-
ing a common protocol. Moreover, we were not restricted to
comparing aggregate values only. Thus, unlike the standard
meta-analysis, we adjusted for between-site differences using
covariates with common definitions.

A final benefit of the meta-analytic approach is that it was
simpler than the alternative option of pooling across sites and
evaluating covariate by site interactions. Indeed, an appropriate
pooled analysis would include three dummy variablesto repre-
sent the four sites along with factorsreflecting the statistical in-
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teractions between dummy variables and covariates (12 interac-
tionsin al). Interpreting these results would be far more com-
plex that the meta-anal ytic results summarized in thefiguresand
would not yield the simpleintervention-specific summaries that
are provided by these graphs and by Table 3.

Limitations

Because FICSIT was not designed to compare exercise pro-
grams across sites, our analyses provide limited information
about thetype of exercise program that ismost likely to improve
QOL. Although we categorize interventions according to their
predominant characteristics, those distinctions do not reflect the
intensity of the exercise, compliance with the program, or other
potentially predictive characteristics of specific interventions.
Although precise compliance figures are not available for the
four sites, study investigators reported relatively high group at-
tendance levels (e.g., in the 70% and higher range during the
course of the active intervention). Nevertheless, because we do
not have precise compliance data and because our subjectivein-
tensity measure did not prove useful, we are unable to make the
basic assertion that there is a dose—response relation in the ef-
fectswe have observed. We would expect such arelation, but we
do not have the data to proveit.

A further limitation in our results is that the overlapping
components of the intervention characteristics mean that the
characteristic-specific meta-analyses are not independent of one
another. Thus, athough the final four barsin Figure 4 suggests
that the modest trend toward exercise having a positive impact
on the social subscale can be explained by the endurance and
flexibility components, there is overlap in the component-spe-
cific analyses so that these conclusions should be interpreted
cautiously. Also, because FICSIT participants camefrom dispa
rate sources and because participant selection was not popula
tion based, we must be cautiousin generalizing to other popul a-
tions. Finally, we were careful in this study to prospectively
define only four primary analyses. one covariate-adjusted
meta-analysisfor each outcome measure. For thisreason, multi-
ple comparisons are a minor issue as they relate to the primary
hypotheses. However, there were numerous secondary analyses,
which impliesthe need for caution in interpreting the associated
p values unless they are substantially below .05.

SUMMARY AND CONCLUSIONS

The marked contrast between FICSIT and other investiga-
tionsis highlighted by the fact that most previous studiesin this
area employed younger and healthier populations and used ei-
ther nonrandomized designs or lacked control groupsaltogether.
M oreover, most have had small sample sizesand limited statisti-
cal power—facts that may largely explain the inconsistent pub-
lished results. The results of this study suggest that exercise can
improve QOL in at least one important domain without causing
anincreasein pain. At the same time, because the magnitude of
the effects are limited and because the confidence boundsin the
figures are narrow, thislarge study of 1,733 randomized partici-
pants suggests strongly that the QOL benefits of these exercise
interventions in frail elderly adults are modest in size. Finally,
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the observed effects appear to be independent of improvements
in physical functioning at least as assessed by gait speed.

As anext research step, we recommend additional studies
with designs focused onidentifying the type of older adultswho
can be expected to achieve the greatest QOL benefits from vari-
ous exercise interventions. In addition, we a so recommend that
future studies incorporate more sensitive measures of QOL in
their assessment batteries to ascertain intervention impacts
more precisely and that future analyses examine the effects of
adherence to the prescribed exercise regimens.

The FICSIT model of linking distinct clinical studieswith a
coordinating center and a common database has facilitated the
successful implementation of preplanned meta-analyses that
have several methodological advantages. Thus, the FICSIT
model has provided the sample size benefits of a common effi-
cacy analysis while yielding site specific information about lo-
cally defined interventions. Both the FICSIT study design and
the data-analytic approach deserve careful consideration as a
potential model for future multicenter investigations.
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