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A meta-analysis examined data from 36 studies linking physical activity to well-being in older adults
without clinical disorders. The weighted mean-change effect size for treatment groups (d°. = 0.24) was
almost 3 times the mean for control groups (d°. = 0.09). Aerobic training was most beneficial (d. =
0.29), and moderate intensity activity was the most beneficial activity level (d. = 0.34). Longer exercise
duration was less beneficial for several types of well-being, though findings are inconclusive. Physical
activity had the strongest effects on self-efficacy (4. = 0.38), and improvements in cardiovascular
status, strength, and functional capacity were linked to well-being improvement overall. Social-cognitive
theory is used to explain the effect of physical activity on well-being.

Keywords: psychological well-being, physical activity, meta-analysis, intervention studies

Accumulating evidence supports the popular belief that physical
activity is associated with psychological health. The components
of psychological health, however, are not yet clearly determined.
Careful review of the literature presents a myriad of operational
definitions of the terms psychological health and psychological
well-being (Brown, 1992; Gauvin & Spence, 1996; McAuley &
Rudolph, 1995). It is generally agreed that psychological well-
being is a multifaceted phenomenon (Gauvin & Spence, 1996), par-
ticularly in the aging population (McAuley & Rudolph, 1995; Rejesky
& Mihalko, 2001; Spirduso & Cronin, 2001; Stewart & King, 1991).

Our meta-analysis examined the effects of organized physical
activity on the well-being of older adults without clinical disorders.
On the basis of a conceptual framework proposed for evaluating
well-being in older age (McAuley & Rudolph, 1995; Spirduso &
Cronin, 2001; Stewart & King, 1991), we considered four general
components: (a) emotional well-being (i.e., state and trait anxiety,
stress, tension, state and trait depression, anger, confusion, energy,
vigor, fatigue, positive affect, negative affect, and optimism), (b)
self-perceptions (i.e., self-efficacy, self-worth, self-esteem, self-
concept, body image, perceived physical fitness, sense of mastery,
and locus of control), (c) bodily well-being (i.e., pain and percep-
tion of physical symptoms), and (d) global perceptions such as
life-satisfaction and overall well-being.
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The lack of experimental evidence for a causal link between
physical activity and improved psychological well-being has been
noted by most qualitative reviews studying the aging population
(Brown, 1992; McAuley & Rudolph, 1995; O’Connor, Aench-
bacher, & Dishman, 1993; Spirduso & Cronin, 2001). The authors
of those reviews argued that although habitual exercise may im-
prove psychological well-being, a strong sense of well-being may
also be necessary to comply with a habitual and intensive exercise
program. Therefore, in the current review only comparative or
pretest—posttest treatment studies were included, whereas correla-
tional studies, which examine relations rather than treatment ef-
fects, were excluded.

Most previous meta-analyses did not focus on older adults.
Furthermore, rather than focusing on well-being as a multifaceted
phenomenon, they focused on selected components of well-being,
mostly on negative emotions and quite often in clinical popula-
tions. Because clinical populations are not only different from
populations without clinical disorders but also differ on each
particular clinical status (Martinsen & Stephens, 1994), we did not
include clinical populations in our meta-analysis that focused on
well-being in a broader view.

Two meta-analyses concentrated on anxiety in multiaged pop-
ulations. Petruzzello, Landers, Hatfield, Kubitz, and Salazar
(1991) indicated that acute and chronic physical activities reduced
state anxiety, but their reported treatment-versus-comparison-
group standardized-mean-difference effect size (d) was rather
small (d = 0.24). According to the same report, chronic physical
activity has also been related to small reductions in trait anxiety
(with a mean effect of 0.34), but this result was computed across
both comparison and single-group studies. McDonald and Hodg-
don’s (1991) meta-analytic results were comparable to those of
Petruzzello et al. (1991), showing effect sizes of 0.28 for state
anxiety and 0.25 for trait anxiety. However, McDonald and Hodg-
don looked only at studies investigating aerobic fitness training.
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Other meta-analyses have concentrated on depression in mul-
tiaged populations. According to North, McCullagh, and Tran
(1990), the effect of physical activity on depression is reportedly
moderate (d = 0.53), but clinically depressed participants showed
large decreases in depression as a result of physical activity,
whereas persons from the general population showed small or no
decreases due to lower floor and higher ceiling effects for the
clinical sample. However, it is difficult to judge the stability of the
between-groups comparisons reported by North et al., because
they used problematic as well as conservative tests of differences
among effects. Hedges and Olkin (1985, p. 148) discussed the
problems with using standard analysis of variance F' tests and
associated post hoc contrasts in meta-analysis. Alternative tests
(that do not assume homogeneity of variance) may have revealed
differences that North et al. did not detect. Regardless of this
weakness, this finding is consistent with the relatively large effect
size (d = 0.72) of exercise on clinically depressed individuals
reported by Craft and Landers (1998).

A meta-analysis of the effects of exercise on mood in older
adults (Arent, Landers, & Etnier, 2000) indicated an overall effect
size of 0.24 for treatment versus comparison effects, and a mean
change effect size of 0.38 standard deviations for single-group
pretest—posttest studies. (Below we analyze change measures and
denote them as d values to distinguish them from treatment-
control effects). However, Arent et al. (2000) did not include other
components of well-being such as self-perception or life-
satisfaction. Some evidence suggests that exercise efficacy or
mastery cognitions play a moderating role in enhancing affective
responses (Jerome et al., 2002; Marquez, Jerome, McAuley,
Snook, & Canaklisova, 2002; McAuley, Talbot, & Martinez,
1999). Exercise or physical self-efficacy changes are greatest in
those with low self-efficacy at the initiation of an exercise program
(McAuley, 1994), in part because of greater ceiling effects. For
older adults, whose self-efficacy may be deteriorating along with
their functional abilities, physical activity may provide a mastery
experience that leads to changes in affect. Thus, mastery—efficacy
measures are included in McAuley and Rudolph’s (1995) narrative
review of physical activity, aging, and psychological well-being.
Surprisingly, however, meta-analyses (McDonald & Hodgdon,
1991; Moritz, Feltz, Fahrbach, & Mack, 2000) and narrative re-
views (Fox, 2000) on self-perception components such as self-
efficacy, self-concept, or self-esteem have only considered
younger populations.

Besides examining the overall effect of physical activity on
psychological well-being, the current review also examines vari-
ables that potentially moderate this effect. Exercise dose is likely
to be the most substantial moderating variable. Exercise dose has
several components, including duration of each exercise session,
number of sessions per week (or other time frame), number of
weeks of participation, as well as exercise intensity. Meta-analyses
on the general population usually find that longer duration of
exercise is needed to alter affect. Petruzzello et al. (1991) sug-
gested that exercise sessions lasting 21 to 30 min resulted in larger
decreases in state anxiety (4 = 0.41) than shorter bouts of exercise
(d = 0.04), with effects of even longer sessions falling between
these two values. Similarly, training regimens lasting 10 to 12
weeks resulted in larger effect sizes for trait anxiety (d = 0.50)
than were found for shorter periods of exercise (for which d ranged
from 0.14 to 0.17); regimens lasting more than 15 weeks resulted
in an effect size of 0.90, similar to North et al.”s (1990) findings of

reduced depression after 17 weeks of exercising (4 = 0.97). In
contrast, Arent et al.’s (2000) findings on experimental versus
comparison effects in older adults indicated that exercise lasting 1
to 6 weeks resulted in a larger effect size (d = 0.48) than exercise
lasting over 12 weeks (d = 0.19).

Intensity of exercise is another moderator of exercise effects.
Although Raglin and Morgan (1985) contended that in order to
alter affect, exercise intensity needs to be at least 60% of maximal
aerobic power, Dishman (1986) proposed a minimum of at least
70% of maximal oxygen uptake or adjusted maximum heart rate
and a duration of at least 20 min. However, narrative reviews
(Dunn, Trivedi, & O’Neal, 2001; Ekkekakis & Petruzzello, 1999)
and meta-analytic reviews (Craft & Landers, 1998) on the general
population failed to reveal a consistent pattern of dose—response
effects between exercise and affect. Arent et al. (2000), on the
other hand, found that low-intensity exercise was more beneficial
(d = 0.58) for older adults than medium- (d = 0.26) or high-
intensity (d = 0.29) exercise in experimental versus comparison
effects.

One controversial issue related to the dose-response relation-
ship is the dependence of psychological changes on physical
changes. Dunn et al. (2001), in their narrative review, and Craft
and Landers (1998), in their meta-analytic review, both concerning
effects in the general population, were not able to provide evidence
of such dependence, whereas Arent et al. (2000) were able to show
some indirect support for this dependence in their meta-analysis on
older adults. Yet Spirduso and Cronin (2001) in their qualitative
review on older adults proposed that physical activity might en-
hance quality of life in older adults without improving cardiore-
spiratory status. They postulated that the act of exercising might be
beneficial in and of itself.

Exercise mode may also be an important moderator of exercise
effects on psychological well-being. Petruzzello et al. (1991)
found that aerobic exercise showed an effect size of 0.26, higher
than that for nonaerobic exercise (—0.05). Effect sizes for aerobic
(0.36) and nonaerobic (—0.16) exercise on trait anxiety were not
significantly different although they appear quite discrepant
(Petruzzello et al., 1991)." In the North et al. (1990) meta-analysis,
both aerobic and resistance training were associated with improve-
ments in depression. Dunn et al. (2001), in their narrative review,
reported that although most studies examined aerobic exercise, the
few examining resistance training showed significant effects in
reducing depressive symptoms. Moreover, Arent et al.’s (2000)
meta-analysis on older adults revealed a larger gain effect size on
mood for resistance training (d© = 0.80) than for cardiovascular
(d© = 0.26) or mixed (cardiovascular plus resistance; d< = 0.37)
training.?

Although McAuley and Rudolph’s (1995) qualitative review on
exercise, aging, and well-being recommended examining age as a
moderator, age was not examined in Arent et al.’s (2000) meta-
analysis on older adults. Other meta-analyses performed on mul-

! Petruzzello et al. (1991) also used standard analysis of variance F tests
to examine differences among different categories of studies. Their results,
like those of North et al. (1990), may have differed had they used more
appropriate weighted analyses.

21t is hard to judge the tests of means reported by Arent et al. (2000)
because they did not report the standard errors for their means, instead
reporting the standard deviations of the averaged effect sizes.
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tiaged populations did not include studies on participants older
than 65 years. Thus, age was included as a moderator in the current
meta-analysis. The current meta-analytic review examines the
effects of all of these moderating variables in addition to the
overall effect of various physical activities on a range of psycho-
logical well-being outcomes in selected advanced age categories.

Method

Selection of Studies

Studies were located through computer searches of three databases:
MedLine, PsycINFO, and SPORTDiscus. Data were collected from studies
reporting the effect of exercise or physical activity interventions on aspects
of well-being of older adults. Key terms used in these searches focused on
global and specific psychological terms such as well-being, psychological
health, anxiety, depression, body image, self-concept, self-efficacy, life
satisfaction, self-perception, and happiness. Terms used to locate older
participants were middle age, old age, elderly, and older adults. Key terms
for exercise were physical activity, exercise, physical fitness, sport, endur-
ance training, and strength training. Cross-checking of references and
scans of journals in gerontology, psychology, and exercise science ensured
an extensive literature search. All English-language studies done before
January 2004 that could be located were included. The literature search
initially yielded over 250 studies.

Initially, studies that looked at clinical populations or participants with
a mean age less than 55 were excluded. This age inclusion criterion was
based on previous studies (Colcombe & Kramer, 2003; Martin & Sinden,
2001). However, any definition of old is arbitrary. For example, McAuley
and Rudolph (1995) included studies with participants over the age of 45
in their narrative review on physical activity, aging, and well-being, ending
up with an average age of 56.7 years. Three studies with a mean age of 54
were therefore included in our review, making our age inclusion criterion
a mean age of 54 years and older. Correlational studies were also excluded,
leaving 51 studies. Fifteen studies that did not provide sufficient informa-
tion for computing effects were excluded. The remaining 36 studies were
included in the current analysis, and all studies provided psychological
status measures for each group in the study before and after intervention.

Coding of Studies

Samples within studies were coded for a number of characteristics
reflecting potential moderating variables for the exercise—psychological
well-being relationship. These characteristics represented (a) the study
design, (b) the participants, (c) the physical-fitness improvement of par-
ticipants, (d) the exercise activity, and (e) the psychological well-being
measure used.

Design characteristics. Samples were classified as either treatment
groups or control groups. All treatment groups received some type of light
or moderate to intensive exercise intervention. Control groups included
participants who did not receive any exercise intervention, who attended
social activities (with no exercise component), or who experienced very
light exercise and were labeled as control groups by the authors of the
studies. Also we coded (a) whether participants were assigned to treatment
and control groups using randomization and (b) whether participants were
matched on certain characteristics such as gender across groups. Some
studies used both methods of assigning participants to groups. As described
below, separate effects were computed for each treatment and control
sample in a study, and when possible for subgroups within the treatment
and control samples.

Participant characteristics. Where possible, separate effect sizes were
calculated for men and women and for participants of different ages. Group
gender mix was coded (all female, all male, or mixed). Samples with mean
participant ages between 54 and 64 years were classified as late middle age,
those with average ages between 65 and 74 years were called young—old,

and those with participants aged 75 or over (on average) were classified as
old-old. Also whether participants were sedentary prior to intervention and
whether they showed improvement in physical status was coded (this is
discussed separately below).

Physical-fitness improvement of participants. Separate effect sizes

were calculated for subsamples of participants who showed improvement
(improved) and those showing none (not improved) on four dimensions of
physical fitness when this information was reported by the authors of the
primary studies. Samples for which no information was available on fitness
were classified into a third no-information group. Three of the dimensions
refer to the main categories of physical fitness (American College of Sports
Medicine, 1998): cardiovascular fitness, assessed by heart rate reserve,
oxygen consumption, and so forth; strength, assessed by tests assessing
various groups of major muscles such as knee extensors and flexors,
shoulder extensors and flexors, hand grip, and so forth; and flexibility,
determined by assessing range of motion of main joints. The fourth
dimension (a combination of these three) is used quite often in the aging
population and includes functioning capacity assessed by tests such as stair
climbing, lifting and carrying, or sit-to-stand ability.
A number of potential moderating character-
istics of exercise were identified from the available literature and previous
meta-analyses (Arent et al., 2000; North et al., 1990; Petruzzello et al.,
1991). Studies were coded for exercise type (aerobic, calisthenics, and
resistance training), duration of exercise (weeks of exercise intervention),
frequency of exercise (sessions per week), length of exercise session
(minutes per session), and exercise intensity (hard, moderate, light, very
light, and not applicable). The intensity of aerobic exercise and calisthenics
were coded using the American College of Sports Medicine (2000) tables.
In cases where only a verbal description regarding the intensity of exercise
rather than specific information such as maximum oxygen consumption,
maximal heart rate, or heart rate reserve was provided, two experts in
physiology of exercise made a subjective assessment of the exercise
intensity referring to the American College of Sports Medicine (2000)
definitions. Intensity of resistance training was assessed in terms of repe-
titions and workload using standard tables (Bompa, 1999). Two experts in
resistive training made a subjective assessment in cases where only verbal
information was provided.

Psychological well-being characteristics. On the basis of previous
work (Spirduso & Cronin, 2001; Stewart & King, 1991), we first coded the
psychological well-being measures into four broad categories: measures of
emotions, self-perceptions, bodily well-being, and global well-being. Be-
cause initial analyses showed considerable variation within the four broad
categories, outcomes were further classified into 11 categories. Emotions
were further classified into anger, anxiety (including stress and tension),
confusion, depression, and positive affect; self-perceptions were broken
down into view of self (including self-worth, self-esteem, self-concept,
body image, perceived physical fitness, sense of mastery, and locus of
control) and exercise or physical self-efficacy; bodily well-being measures
were further classified into physical symptoms and energy; and global
well-being was separated into overall well-being and life-satisfaction. We
refer to this classification as the measure type variable.

Exercise characteristics.

Computation of Effect Sizes

Effect sizes were computed as standardized mean-change measures
(Becker, 1988), representing the magnitude of the difference between the
pretest and the posttest for each outcome. Standardized mean-change
measures were computed separately for all available control and treatment
groups for each study. If results were available for more specific subgroups
(e.g., male and female treatment and control groups), effects were com-
puted for the most specific groups for which data were available.

We present the formulas for effects from a simple study with one
treatment and one control group. The mean-change measures for the
treatment group (g"™) and control group (g°) are



PHYSICAL ACTIVITY AND WELL-BEING IN ADVANCED AGE 275

(yclrl _ )_(clrl)

1 >
Sclr
X

(ym _ )_(m)
Sy

trt

where Y'™ denotes the posttest mean of the treatment group, X™ denotes the
pretest mean of the treatment group, and S denotes the standard deviation
of the treatment group on the pretest. Y™, X! and S, are parallel
statistics for the control group. A simple interpretation of the value of g is
that it represents the change from before exercise (pretest) to postexercise
in pretest standard deviation units. A g value of 0.10 for a treatment group
would indicate that the participants’ mean levels of well-being had im-
proved because of exercise about one-tenth of a standard deviation, relative
to their initial level.

All gs were corrected for small-sample bias. The unbiased value, de-
noted d€ for the ith sample, is obtained by correcting each g; via d = {1
— [3/(4n; — 5)]} g;, where n; is the size of the sample (Becker, 1988).
Finally, signs of some effects were reversed from the value reported in the
primary study, so that positive d€ values indicated improved psychological
well-being. If a study reported lower postexercise scores on a depression
measure (an improved level of depression), and the df computed on the
basis of the reported means was —0.25, the effect would be reversed for
analysis to d = 0.25, reflecting improved well-being.

Analyses

Weighted analyses developed by Hedges and Olkin (1985) were used.
Below we use the symbol d. to refer to the weighted mean change. Under
fixed-effects models, each effect size was weighted by the inverse of its
variance (v), so that v(d%) = 2(1 — r)/n; + (d°)*/(2n;), where n; is the
sample size, d€ is the unbiased effect size, and r, is the pretest—posttest
correlation for the ith sample (i.e., the correlation between the scores X and
Y for sample i). Unfortunately, it is very rare to find reported values of r;
when the primary research studies do not investigate relations between
measures, and indeed none of the studies in this synthesis had reported r;.
A conservative value of r; = .50 was used for all variances. Specifically,
for fixed-effects tests, we weighted by the inverse variance w, = 1/v(dS) =
2n/[(dE)* + 2].

In many cases, initial analyses suggested that fixed-effects or mixed
models (including models with predictor variables such as exercise type,
etc.) did not fully explain the observed variation between effects. In those
cases, random or mixed-effects models were adopted that incorporated
additional between-effects uncertainty into the effect variances. The esti-
mate of between-samples variation was a simple method-of-moments
estimator: S2 = [3(dS — d°)*/(k — 1)] — ¥, where v is the within-study
sampling variance v(d,f) averaged across the k effects in the analysis. For
categorical models, S% was computed within each moderator category. The
revised weights were computed as w;* = 1/[v(dS) + S21 = 2 n; /[2n; S3 +
(d%)?* + 2]. In addition, regression analyses based on both fixed- and
mixed-model assumptions were used. Mixed-model regression analyses
followed the procedures outlined by Raudenbush (1994).

Dependence

A fundamental assumption of most standard analyses used in meta-
analysis is the independence of effects in the analysis. When multiple
outcomes have been measured for the same individuals, or when the same
outcome is measured at several time points for the same individuals, effect
sizes computed for those multiple outcomes or time points will not be
independent. A number of ways exist to deal with dependence (Becker,
2000). The primary approach used in this synthesis was to separate effects
into groups that included only (or primarily) independent effects. Grouping
the effects according to measure type eliminated nearly all dependence
because few studies used multiple measures of the same outcome type.

Coding Reliability

The study features mentioned above were independently coded by two
coders. Coding reliabilities, computed as the percentage of agreement of

the coded variables before resolution, ranged from 86.1% for computation
of effect sizes to 100.0% for gender, exercise type, duration, and frequency
of exercise. Discrepancies in effect computation arose mainly over deci-
sions to reverse the signs of the ds (to have positive ds represent
improvement) and decisions about whether to include or exclude specific
outcomes. Reliability of effect-size computation rose to 93.6% when
discrepancies due to differences in the signs of the ds were disregarded.
All discrepancies were resolved before analyses began.

Results
Description of Effects

The 81 independent samples from 36 studies in this synthesis
provided 406 standardized mean-change effect sizes (ds).
Twenty-two studies had both treatment and control groups, and 14
studies had only treatment groups (eight of these had just one
group). Of the 28 multigroup studies, 10 used both matching and
randomization to assign participants to groups. Eleven randomized
but did not match, two used only matching, and five used neither
approach. The d“ values ranged from a minimum of —2.01 to a
maximum of 1.72. Table 1 shows counts of the numbers of studies
and samples. Table 2 gives descriptive statistics for several fea-
tures of the 81 samples in our synthesis.

Publication Bias

Meta-analysis results may not represent the population of inter-
est due to publication bias, which occurs when studies with sta-
tistically significant results are more likely to be published than
studies with statistically nonsignificant results. To assess the pres-
ence publication bias, we created a funnel plot, which is shown in
Figure 1.

In the funnel plot, sample sizes and estimated effects for all
samples are plotted in a two-dimensional space, with effects on the
horizontal axis and sample size on the vertical axis. Because
effects based on small samples are expected to show more vari-
ability than effects from large samples, the plot should look like an
inverted funnel if publication bias is not a problem (see, e.g.,
Egger, Smith, Schneider, & Minder, 1997). When publication bias
has occurred, sections of the funnel may be missing or the plot may

Table 1
Numbers of Studies and Samples
Feature Number
Studies (k = 36 studies)

Design
Studies with both control and treatment groups 22
Studies with treatment groups only 14

Gender
Studies reporting results without separating men and women 22
Studies reporting results separately for men and women 7
Studies with women only 7
Studies with men only 0

Samples (k = 81 samples)

Mean age
Late middle age (54—64 years) 22
Young old (65-74 years) 50
Old old (> 74 years) 9
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become very asymmetrical. For instance, if only positive signifi-
cant results are published, the funnel may appear to have been cut
in half because only large and positive effects will be available. No
part of the funnel appears to be missing in Figure 1, and the
distribution of the effect sizes does not show any strong pattern
suggestive of bias.

However, there appear to be more positive effects than negative
ones. A statistical test of symmetry in the plot (Egger et al., 1997)
indicates significant asymmetry (intercept = 1.35, SE = 0.310,
z = 4.35, p < .001). Although this test provides some evidence of
potential publication bias in the data, there are other sources of
asymmetry in funnel plots. Among those is true heterogeneity in
effects that may result from different intensities of the intervention
(here, exercise) that relate to sample sizes. Indeed sample size is
negatively correlated with both the number of sessions per week
(r = —0.31, p < .0001) and minutes per session (r = —0.12, p =
.0019). Thus, further analyses investigate the roles of these vari-
ables in producing change in well-being.

Overall Analysis

Figure 2 shows a frequency histogram of all 406 effects. The
effects are positively skewed, with a median of 0.16 and un-
weighted mean of d = 0.20 (SD = 0.36). Over three fourths of
the effects (79%) are positive.

The overall weighted mean effect under the fixed-effects model
is d©. = 0.15 with a standard error of 0.007 (the notation d°.
distinguishes a weighted mean from an unweighted mean d°).
However, the homogeneity test is significant, Q(405) = 2,018.10,
p < .001, suggesting that all effects do not arise from a single
population. Many potential moderator variables may account for
differences among the effects. In addition, a more appropriate
estimate of the average effect across all samples and measures is
based on a random-effects model. This model suggests a mean
effect of d°. = 0.19 standard deviation units (SE = 0.017), which
differs significantly from zero.

Treatment- and Control-Group Comparisons

All participants in treatment groups took part in exercise,
whereas those in control groups experienced little to no exercise.
To test whether exercise led to greater changes in well-being from
pretest to posttest, we analyzed the effects separately for treatment
and control groups. Of the 406 effects, 132 were from control
groups and 274 were from treatment groups. The weighted mean

Table 2
Study Features for 81 Samples

Study feature M SD Range
Sample size (number per group) 385 264 9-174
Age of participants 66.4 7.5 40-101
Number of effects 52 33 1-14
Exercise dose
Duration (number of weeks of exercise) 19.6 17.5 1-52
Frequency (number of sessions per week) 2.7 1.1 0.5%-5.0
Length (minutes per exercise session for
treatment groups) 61.0 49.7 30-210

* A frequency of 0.5 sessions per week indicates the exercise was con-
ducted once during each 2-week period.
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change for treatment groups under the random-effects model was
0.24 (SE = 0.023, 95% confidence interval: 0.20 to 0.28). The
treatment-group mean was almost three times the size of the
weighted mean for control groups, d<. = 0.09 (SE = 0.024, 95%
confidence interval: 0.04 to 0.14). This difference was significant,
0Og(1) = 66.12, p < .0001, where B refers to between-groups
variation, indicating that, on average, participants in treatment
groups showed significantly greater improvement in their psycho-
logical well-being than those in control groups.® However, unex-
plained variation remained in both groups, Q(404) = 1,952.03,
p < .0005, where W refers to within-group variation, under the
fixed-effects model.

Categorical Analyses for Treatment and Control Samples

Moderators were next explored separately for treatment and
control samples. Effects were categorized into smaller subgroups
according to gender, age, exercise type, exercise intensity, and
type of measure outcomes. Analyses of mean changes based on the
random-effects model are shown in Table 3. Homogeneity tests (Q
statistics) were computed under the fixed-effects model.

Age. For treatment samples, the means for the three age sub-
groups differed, Q5(2) = 135.73, p < .0001. The late middle-age
subgroup (average age less than 65 years) had the largest mean
change (d°. = 0.33), and the old—old samples (average age above
74 years) had the smallest mean (¢“. = 0.11). In control groups,
the largest mean change was in the young—old (. = 0.10), and,
as in the treatment groups, the old—old samples had the smallest
mean (d€. = 0.02).

Physical-fitness improvement status. To explore the relation-
ship between change in well-being and physical improvement on
four dimensions (cardiovascular, strength, flexibility, and func-

3 Analyses of 182 differences between paired treatment and control
effects from the 22 studies that had both types of samples showed similar
results. In these studies, the treatment groups outscored controls by 0.12
standard deviations (SE = 0.016).
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tional capacity), we analyzed only the samples containing infor-
mation on improvement (either improved or not improved). In
treatment groups, the mean effects for improved groups were
significantly larger than the means for not improved samples on all
physiological dimensions except flexibility (z = 0.76).

No control samples showed improved strength and functional
capacity, so comparisons could not be made for these two fitness
dimensions. Control participants showing no cardiovascular im-
provement showed significantly more change in well-being than
improved control samples (z = —2.67). No difference in change in
well-being was found for control participants according to im-
provement in flexibility.

Prior exercise levels. Many studies had screened participants
for prior levels of exercise; 104 treatment effects and 30 control
effects came from participants who were required to have been
sedentary. Fixed-effects tests showed larger effects for participants
who were sedentary (see Table 3 for Qg values).

Exercise type. Three basic types of exercises—aerobic, resis-
tive, and calisthenics—were found. Some samples experienced
more than one type of exercise, and they were separated into
combined-exercise groups, such as aerobic—resistive. With one
exception, the mean changes for the various exercise types in
treatment groups were significantly larger than zero; only the
subgroup receiving both aerobic and calisthenic exercise had a
nonsignificant mean change of 0.20 (SE = 0.122). Aerobic exer-
cise improved psychological well-being the most (d°. = 0.29,
SE = 0.031), followed closely by resistive exercise (4. = 0.23,

SE = 0.045). The effects of these two exercise types do not differ
significantly. Resistive exercise combined with aerobic exercise
showed the smallest mean change (d€. = 0.09, SE = 0.037), but
nearly half of these studies measured life satisfaction rather than
some more specific outcome (see below for more information on
measure types). In the control groups, the mean for participants
who had very light calisthenics (4. = 0.11, SE = 0.043) was
similar to the mean for those who had no exercise (d€. = 0.08,
SE = 0.029), and both control groups showed mean changes
significantly greater than zero.

Exercise intensity. The effects were also categorized into sub-
groups based on exercise intensity. In treatment groups, moderate
exercise benefited older adults’ psychological well-being the most
(d°. = 0.34, SE = 0.041), whereas light-intensity exercise bene-
fited the least (d©. = 0.14, SE = 0.018). Significant variation still
remained in all the subgroups (all Qy, values were significant).
Because all calisthenic exercise conducted in control groups was
of very light intensity, and intensity was not applicable to the
no-exercise control-group condition, the results for control groups
were identical to the results using exercise type as the moderator.

Measure type. To investigate whether changes in well-being in
the treatment and control groups related to the different aspects of
psychological well-being measured across studies, and also to
reduce the impact of data dependence due to multiple outcomes,
we categorized treatment and control effects into 11 categories
according to detailed descriptions of the well-being measures. The
last section of Table 3 shows the analyses of the 11 measure-type
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groups. Mean effects differed significantly among the measure
types for both treatment samples, Q5(10) = 110.22, p < .001, and
control samples, Q(10) = 38.74, p < .001. Grouping effects by
measure type created three homogeneous subgroups of effects
from treatment samples (for the outcomes of confusion, physical
symptoms, and view of self) and six homogeneous sets of effects
from control samples (anger, confusion, physical symptoms, pos-
itive affect, overall well-being, and view of self). Homogeneity
was indicated by nonsignificant Qy, values.

Differences between the treatment- and control-group means
under the random-effects model were significant for only four
measure types: anxiety (z = 2.88, p < .02), overall well-being
(z = 2.38, p < .01), self-efficacy (z = 2.69, p < .01), and view of
self (z = 3.59, p < .01). The mean effects in Table 3 show that
exercise had the largest impact on improving physical symptoms
in treatment samples (d°. = 0.63, SE = 0.139). Control groups
also showed large changes for physical-symptoms measures (d°.
= 0.35, SE = 0.126). However, only five effects represented
physical symptoms. Exercise had the least impact on life satisfac-
tion (€. = 0.08, SE = 0.023 for treatment groups). The only
nonsignificant impact of exercise for treatment samples was on
energy (95% confidence interval: —0.07 to 0.48).

Gender. Gender differences were found for both treatment,
0p(2) = 21.57, and control samples, Ox(2) = 6.38. However,
because the gender composition of the samples did not provide
much explanatory power, and differences were not significant
under a random-effects model, gender was not included in other
analyses.

Design issues. Many studies had used randomization and/or
matching to assign participants to treatment and control groups.
Treatment and control groups from studies using randomization
showed similar changes, whereas changes from samples that were
not randomly assigned appear to differ (0.25 for treatment groups
vs. 0.07 for controls). However, when paired differences were
computed for only studies that had both treatment and control
samples, no differences due to use of randomization were found,
0gp(2) = 3.49, p = .06. Similar results were found for the use of
matching, Q5(2) = 0.24, p = .62. Because the paired analyses are
based on within-study comparisons, these design differences can
be considered negligible.

Weighted Multiple Regression Analyses of Exercise Dose

To determine whether changes in well-being were predicted by
exercise dose (weeks of exercise, sessions per week, and session
length in minutes), we used weighted multiple regression analyses.
Initially, participant age was included in the form of a dichotomous
variable (contrasting younger and older participants). However,
age was not significant in any of the models and was not useful in
accounting for the variance among the effects. To achieve more
parsimonious models, we excluded age from further analyses.

A regression model predicting effect size from weeks, number
of weekly sessions, and minutes per session was run first for the
sets of all treatment and control effects separately, then for each
measure type. Mixed-effects models, which account for between-
studies uncertainty, were used to explore the relationship between
exercise-dose variables and the effects; results are shown in Table
4. The slopes for weeks of exercise were negative and significant
for the full sets of treatment groups (byeos = —0.006, p < .05)
and control groups (by,ces = —0.006, p < .05), controlling for

session frequency and length. This indicates that longer exercise
programs showed either less positive change or actual reductions
in levels of psychological well-being. The other dose variables
(frequency and length) were positive but not significant in the
treatment and control samples.

Regressions were next computed separately within each mea-
sure type for the treatment samples. The impact of exercise dura-
tion in weeks (controlling for sessions per week and session
length) was inconsistent across measure types. For anxiety
(byeexs = —0.009, p < .01), depression (b s = —0.011, p <
.01), and self-efficacy (byees = —0.049, p < .05), decreases in
well-being are found for longer interventions. The remaining mea-
sure types showed b, slopes that did not differ from zero.
Inconsistent relations were also found for number of sessions per
week, which was significant and positive for anxiety (by.gsions =
0.167, p < .01) and self-efficacy (by.qgions = 0.493, p < .01) after
we controlled for weeks of exercise and session length. Finally,
after controlling for weeks and days of exercise, we found that
longer exercise sessions led to positive significant changes in
anxiety (b, inues = 0.008, p < .05). The remaining b slopes of
measures types did not differ from zero. In general, the session
length (in minutes) did not relate significantly to the outcome.

weeks

Discussion

The present meta-analysis of comparative data showed a small
but significant effect (d°. = 0.19) of exercise on well-being in
older adults without clinical disorders. However, treatment groups
showed almost three times as much pretest—posttest change (d<. =
0.24) as did control groups (d°. = 0.09), suggesting a causal effect
for physical activity on psychological well-being enhancement, in
accordance with qualitative reviews studying the aging population
(Brown, 1992; McAuley & Rudolph, 1995; O’Connor et al., 1993;
Spirduso & Cronin, 2001).

Our meta-analysis supports the perception that psychological
well-being is a multifaceted phenomenon, especially in older
adults. Previous meta-analyses examining the effect of physical
activity on psychological variables focused on emotions, specifi-
cally negative emotions such as anxiety and depression. On the
basis of the conceptual framework proposed for evaluating well-
being in older age (Stewart & King, 1991), we also examined
constructs related to self-perception and global well-being. Indeed,
our results indicate that those constructs, specifically self-efficacy,
overall well-being, and view of self, were significantly affected by
physical activity, showing the largest treatment-control
differences.

These findings support the literature arguing that physical ac-
tivity might provide a mastery experience for older adults whose
physical self-efficacy may be deteriorating along with their func-
tional abilities (McAuley & Katula, 1998; McAuley & Rudolph,
1995; McAuley, Shaffer, & Rudolph, 1995). The significant mod-
erating effect of improvements in cardiovascular capacity and
strength, and specifically in daily functioning (functional capac-
ity), adds more support to that mastery experience. Moreover,
self-efficacy and view of self have been shown to moderate peo-
ple’s affective reactions (Jerome et al., 2002; Marquez et al., 2002;
McAuley et al., 1999) and reduce anxiety level possibly by damp-
ening biological stress reactions such as cortisol concentrations
(Bandura, 1991; Rudolph & McAuley, 1995). This may explain
the positive alteration in anxiety found in the current meta-analysis
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Table 4
Results of the Mixed-Model Multiple-Regression Analyses
Number of Dyceks Dyessions Diinutes
Outcome effects (k) Ontoder” Orrror” (SE) l2| (SE) l2| (SE) |2]
Control 112 8.27* 107.32 —0.006 2.86% 0.037 1.41 0.0006 1.20
(0.0021) (0.0262) (0.0005)
Treatment 240 8.76%* 224.20%* —0.006 3.00%* 0.036 1.45 0.0005 0.83
(0.0020) (0.0249) (0.0006)
Anger 10 1.67 5.42 0.010 0.36 —0.145 1.18 0.0014 0.17
(0.0279) (0.1227) (0.0081)
Anxiety 46 10.62* 45.28 —0.009 2.81% 0.167 2.84% 0.0084 2.00*
(0.0032) (0.0589) (0.0042)
Confusion 9 1.50 4.68 0.029 1.05 0.042 0.38 0.0072 0.99
(0.0277) (0.1112) (0.0073)
Depression 29 8.47%* 22.25 —0.011 2.82% 0.049 0.73 0.0014 1.00
(0.0039) (0.0668) (0.0014)
Energy 16 1.69 10.55 0.038 0.81 —0.357 1.27 —0.0078 0.65
(0.0469) (0.2809) (0.0120)
Overall well-being 11 0.94 6.80 —0.002 0.05 0.097 0.61 0.008 0.68
(0.0387) (0.1580) (0.0118)
Life satisfaction 44 443 57.07* 0.003 0.88 —0.015 0.51 —0.0013 1.44
(0.0034) (0.0294) (0.0009)
Physical symptoms 2
Positive affect 9 391 5.15 —0.032 1.62 0.405 1.18 —0.0056 0.45
(0.0198) (0.3446) (0.0125)
Self-efficacy 46 11.47* 42.44 —0.049 2.18* 0.493 3.26%* 0.0057 1.50
(0.0225) (0.1513) (0.0038)
View of self 20 8.78%* 24.61 —0.007 0.88 0.014 0.28 0.0000 0.00
(0.0080) (0.0506) (0.0016)
Note. Results could not be obtained for physical symptoms effects because at least three studies are needed to estimate any regression model.
df = 3.%f = k — 4.

*p < .05.

as a result of engaging in physical activity. On the other hand, no
treatment-control differences were found on depression, anger, and
confusion, possibly because of (a) the nonclinical disorders nature
of the study population, which may have led to (b) a floor effect,
that is, the absence of such negative mood states in this population.
Most instruments assessing these feeling states are designed for
use in clinical populations.

Another well-being component that did not show more improve-
ment for treatment groups than controls is life satisfaction. This
finding supports Rejeski and Mihalko’s (2001) view that life
satisfaction is not affected merely by improved daily functioning
and efficacy. People may readily admit to compromised function
yet are satisfied with their limitations and with life in general.
Losses of physical competence are particularly difficult for indi-
viduals who have high internal standards like athletes and musi-
cians (Spirduso, 1995), for whom physical achievement plays a
large, if not dominating, role in life. Consequently, older adults
who place lower importance on their physical function may ex-
press more satisfaction with their functional state than do their
peers who have functional limitations but continue to place a
relatively high value on their physical function (Rejeski & Mi-
halko, 2001). Thus, the absence of exercise effects on life satis-
faction in a population without clinical disorders may result from
a relatively high level of life satisfaction the older adults regularly
experience and the lack of sufficient sensitivity to small changes in
the instruments used to measure life satisfaction.

As for the moderating effect of mode of exercise, aerobic
training, closely followed by resistive training, was most signifi-

cant in affecting psychological well-being. Studies comparing
aerobic training with resistive training produced conflicting re-
sults. Previous meta-analyses have indicated anxiety reduction
following aerobic exercise but no improvements due to resistance
training (Landers & Petruzzello, 1994; Petruzzello et al., 1991).
Conversely, Arent et al. (2000) indicated the superiority of resis-
tive training over aerobic training in altering mood in older adults.
Dunn et al.’s (2001) narrative review identified more studies
involving aerobic exercise, but the few that examined resistance
training showed significant effects in reducing depressive symp-
toms. Perhaps, in older adults without clinical disorders, both
aerobic and resistive training increase feelings of mastery and
self-efficacy thus improving global well-being, whereas aerobic
training is more dominant in alleviating symptoms of depression in
the clinical population.

Yet another central issue in the physical activity—well-being
relation is the moderating effect of exercise dose. Although Dish-
man (1986) contended that high intensity is needed to alter affect,
and others (Dunn et al., 2001; Ekkekakis & Petruzzello, 1999;
Rejeski, 1994) failed to reveal a consistent pattern of intensity
effect on psychological factors, our findings indicate that moderate
exercise benefited most the psychological well-being of older
adults, followed by high-intensity exercise. Because moderate
intensity has also been recommended for enhancing physical
health (Pate et al., 1995), the implications are that high-intensity
physical activity is not needed in order to promote physical or
psychological health.
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Other dose-response issues concern the duration of exercise, its
frequency, and session length. The current results on exercise
program duration are inconsistent with previous meta-analyses
performed on younger adults, which indicated that longer periods
of training are associated with the largest effect size on anxiety
(Petruzzello et al., 1991) and depression (North et al., 1990).
Furthermore, the current findings are also inconsistent with the
conclusions of the narrative review on the aging population
(McAuley & Rudolph, 1995), suggesting that programs lasting less
than 10 weeks have a less consistent effect on psychological
well-being than longer study protocols. In contrast, our results,
consistent with those of Arent et al. (2000) on mood change, show
that longer periods of physical activity are associated with less
positive change in well-being. Perhaps after relatively little exer-
cise activity, individuals can realize the increased weight they can
lift or the increased distance they can walk, which may stimulate
an increased sense of control and general well-being (Spirduso,
1995). As for frequency and length of sessions, the impact was not
consistent across all well-being measures. However, improve-
ments in self-efficacy and anxiety were positively associated with
increased frequency of physical activity.

Our findings on the moderating effect of mean age of samples
suggest a gradual decrease in the effect size of physical activity on
well-being as one ages. These findings support the results of
Ruuskanen and Ruoppila (1995) who reported that active older
adults at the age of 6075 had fewer depressive symptoms than
their nonactive peers. Among the oldest old (76+ years), however,
this activity effect was not prominent. It is possible that the
self-efficacy—affect relationship demonstrated in young popula-
tions (Jerome et al., 2002; Marquez et al., 2002) weakens as a
person gets older. If biochemical activity is involved in this rela-
tionship (Rudolph & McAuley, 1995), and certain intensity is
needed for affect alteration, people may not reach that level of
intensity as they get older. Also, as people age, their psychological
well-being becomes more multifaceted (more complex) as more
functional and social losses are involved. Thus, the ability of
physical activity to affect well-being may decrease. As for gender,
consistent with McAuley and Rudolph’s (1995) conclusions, the
current results suggest that the well-being of older men and women
is not differentially affected by physical activity.

Quite a few mediating mechanisms have been proposed for
explaining the physical activity—well-being relationship. Our find-
ings of the large effect of physical activity on self-efficacy, view
of self, and global well-being, along with the moderating effect of
improved fitness in the causal link between physical activity and
well-being (specifically fitness related to daily functioning), sup-
port, to a large extent, social-cognitive theory. Self-efficacy, the
primary variable in this theory, concerns the individual’s beliefs in
his or her capabilities to successfully execute necessary courses of
action to satisfy situational demands, and it is the most salient
variable affecting well-being and psychological health (Bandura,
1991). For older adults, whose self-efficacy may be deteriorating
along with their functional abilities, physical activity may provide
a mastery experience that leads to increased self-efficacy (McAu-
ley, Shaffer, & Rudolph, 1995), which in turn leads to improved
psychological well-being (McAuley & Rudolph, 1995). Further-
more, this mastery experience may occur with moderate-intensity
(Pate et al., 1995), short-duration physical activity. For example,
significant gains in muscle strength and mass as well as an im-
provement in bone density were reported following only 2 weeks,

and in another study, very old frail individuals increased their
muscle strength by almost 180% in 8 weeks (Evans, 1999). On the
other hand, within shorter time frames, high frequency of activity
is recommended for increasing self-efficacy. This result is consis-
tent with the recommendation to exercise every day, if possible, to
promote physical fitness (Pate et al., 1995).

Although the effect sizes found in the present study were sig-
nificant, their magnitudes are small. One explanation for this is the
no-clinical-disorders nature of the population. Many well-being
measures, specifically emotional well-being measures, are de-
signed for use in clinical populations. The fact that no treatment-
control differences were found on depression, confusion and,
anger are consistent with this hypothesis. Another explanation is
that effects may be reduced because of other methodological
problems typical to experimental studies of older adults (O’Connor
et al., 1993), such as participant selection, lack of adequate control
groups, failure to control for extraneous variables, and so forth.
However, it might well be the case that older adults without
clinical disorders do not suffer depression, confusion, and anger to
the extent that physical activity will result in a positive effect.

Finally, the studies published in the literature did not allow us to
estimate effects pertaining to the minimum time, intensity, and
mode of exercise needed to achieve a meaningful psychological
effect for exercise engagement in older adults. Advanced research
must target the environmental thresholds (i.e., exercise mode,
duration, and intensity) and age category, which signify the be-
ginning of psychological gains, and possibly psychological de-
clines associated with various types of physical activities. More
specifically, researchers must use methods of inquiry that explore
the underlying mechanisms that link psychological benefits to
improved functionality, such as resistive training, and the ones that
link psychological benefits to well-being in the absence of physical
benefit but gain in mental benefits (e.g., Feldenkrais, Yoga, or
Pilates). A more comprehensive examination of moderating and
mediating variables must be implemented to enable understanding
and promotion of physical-activity programs in advanced age.
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