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Depressive Symptoms Among Older Adults: Long-Term
Reduction After a Physical Activity Intervention
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We examined the effects of two physical activity modes on depressive symptoms over a 5-year
period among older adults and change in physical self-esteem as a mediator of changes in de-
pressive symptoms. Formerly sedentary, older adults (N = 174) were randomly assigned into
6-month conditions of either walking or low-intensity resistance/flexibility training. Depres-
sive symptoms and physical self-esteem were measured before and after the 6-month inter-
vention, and 12 and 60 months after intervention initiation. Depressive symptoms scores were
decreased immediately after the intervention, followed by a sustained reduction for 12 and
60 months after intervention initiation; there was no differential pattern of change between
the physical activity modes. Change in physical self-esteem predicted change in depressive
symptoms. This study supports the effectiveness of an exercise intervention for the sustained
reduction of depressive symptoms among sedentary older adults and physical self-esteem as
a potential mediator of this effect.
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INTRODUCTION

Individuals over 65 years of age represent one
of the fastest growing age groups in the U.S. (Na-
tional Institute of Aging, 2002) and depression has
been identified as a significant but preventable cause
and consequence of disability among older adults
(Penninx et al., 1998). Physical activity might
be one of the most important behavioral inter-
ventions for preventing depression among older
adults. Indeed, evidence from population-based epi-
demiological studies using either cross-sectional or
prospective research designs supports an association
between physical activity participation and a reduc-
tion in depression among older adults. For example,
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physical activity was protective for both prevalent de-
pression and incident depression in a large sample
of community-dwelling adults (N = 1,947) aged 50–
94 years from the Alameda County Study (Straw-
bridge et al., 2002).

Additional evidence for the antidepressant ef-
fect of physical activity among older adults has been
provided from a number of experimental studies
(Blumenthal et al., 1999; Mather et al., 2002; McNeil
et al., 1992; Penninx et al., 2002; Singh et al., 1997,
2001). For example, the effects of 16 weeks of
aerobic exercise, antidepressant medication, or
combined exercise and medication on depression
were examined among a large sample of older adults
(N = 156) diagnosed with major depressive disorder
(Blumenthal et al., 1999). All three conditions
resulted in similar reductions in depression scores
and similar rates of remittance (i.e., those who
no longer met diagnostic criteria for major
depressive disorder) immediately after the in-
tervention (Blumenthal et al., 1999). However,
the remitted subjects in the exercise only group
had lower rates of relapse six months after the
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treatment than did subjects in the other two groups
(Babyak et al., 2000).

Although previous findings are encouraging,
we note three primary limitations of experimen-
tal studies that have examined the antidepressant
effects of physical activity among older adults.
First, relatively few studies have included a long-
term follow-up measurement of depression af-
ter the intervention period (Dunn et al., 2001;
O’Connor et al., 1993). One recent study re-
ported a sustained reduction in depression for
26 months after a 20-week intervention that involved
resistance training among depressed older adults
(Singh et al., 2001). Another study reported a sus-
tained reduction in depression for 6 months after a
10-week intervention that involved weight-bearing
exercise performed with music among older adults
with mood disorders (Mather et al., 2002). Hence,
there is limited evidence that supports the effective-
ness of an exercise training intervention for the sus-
tained reduction of depressive symptoms after the in-
tervention period, particularly among non-depressed
older adults.

Second, previous research has failed to examine
factors that mediate changes in depression brought
about by physical activity in older adults (O’Connor
et al., 1993). Neurobiological mechanisms, such as
changes in brain monoamines, are frequently cited as
underlying the antidepressant effects of physical ac-
tivity (Broose et al., 2002; Dishman, 1997). There is
a growing recognition, however, that cognitive fac-
tors such as self-esteem may play a role in the re-
lationship between exercise and depression (Broose
et al., 2002; Fox, 2000; O’Neal et al., 2000). In this
regard, self-esteem, an individual’s cognitive evalu-
ation or judgment of self-worth (Rosenberg et al.,
1995), is considered to be a fundamental compo-
nent of mental health (Baumeister, 1993; Diener,
1984; Sonstroem, 1997). Individuals with high self-
esteem are (a) substantially happier than other peo-
ple and (b) less likely to be depressed in general or in
response to stressful, traumatic events (Baumeister
et al., 2003). Physical self-esteem, however, is more
likely to mediate any antidepressant effects of physi-
cal activity than global self-esteem (Fox, 2000). This
position is based upon evidence that the physical self
has been associated with mood, depression, and re-
ported physical and mental health, after statistically
controlling for global self-esteem and socially desir-
able responding (Sonstroem and Potts, 1996). This
position is further supported by the observation that
physical activity interventions have increased physi-

cal self-esteem (Li et al., 2002; McAuley et al., 2000)
in the manner hypothesized by the Exercise and
Self-esteem Model (Sonstroem and Morgan, 1989;
Sonstroem, 1997).

Third, few studies have directly compared the
effects of different modes of physical activity on de-
pression among older adults (Broose et al., 2002;
Dunn et al., 2001). Indeed, most studies have used
only aerobic conditioning forms of physical activity
(e.g., walking and jogging), leading to the conclusion
that aerobic activity has beneficial effects on depres-
sion. To date, there is limited information about the
effects of lower intensity, non-aerobic forms of ac-
tivity on depression, although there have been an-
tidepressant effects associated with high intensity,
progressive resistance training among older adults
(Singh et al., 1997, 2001). Such research is neces-
sary because it has obvious implications for older
adults who may be unable to engage in more intense
types of activity due to limited mobility or chronic
illness. Moreover, the comparison of aerobic and
non-aerobic forms of activity for reducing depression
would provide further evidence that vigorous physi-
cal activity might not be necessary for the accrual of
psychological benefits.

Herein, we examined (a) the effects of a six-
month intervention that consisted of two different
modes of physical activity (walking or low-intensity
resistance/flexibility training) on depressive symp-
toms over a 5-year period among non-depressed
older adults and (b) change in physical self-esteem
as a factor mediating changes in depressive symp-
toms. We hypothesized that the physical activity
interventions would result in a curvilinear pattern
of growth across time with a significant reduction in
depressive symptoms immediately post-intervention,
and a possible maintenance of this reduction over
a prolonged follow-up period. No hypothesis was
generated for a differential pattern of change in
depression across the two modes of physical activity,
but we did expect that change in physical self-esteem
would be related to the hypothesized reduction in
depressive symptoms.

METHOD

Participants

Sedentary, older (M age = 65.5 years) adults
were recruited to participate in a 6-month random-
ized exercise trial. Inclusion criteria for participation
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in the program were: (a) age 60 to 75 years,
(b) sedentary, as defined by a lack of regular
involvement in exercise during the previous six
months verified by exercise history and assessment of
aerobic capacity by maximal graded exercise testing,
(c) healthy to the degree that participation in exer-
cise testing and an exercise program would not ex-
acerbate any existing symptomology, (d) personal
physician’s clearance for participation, (e) adequate
mental status (i.e., <3 incorrect answers), as assessed
by the Pfeiffer Mental Status Questionnaire (Pfeiffer,
1975), and (f) willingness to be randomly assigned to
a treatment condition. Intervention procedures and
outcomes have been published elsewhere (Boileau
et al., 1999; Kramer et al., 1999; McAuley et al., 1999).

Recruitment and Group Assignment

The CONSORT diagram in Fig. 1 illustrates the
flow of participants through each stage of this ran-
domized trial. Participants were recruited through lo-
cal media sources (e.g., newspaper advertisements,
radio and television announcements). Initially, 596
individuals indicated interest in participation and
were contacted for preliminary screening. After the
screening, 363 individuals were declared ineligible or

declined participation. Subsequent withdrawal and
medical exclusion yielded a sample of 174 partici-
pants (49 males, 125 females) who entered the exer-
cise trial. Those individuals were randomly assigned
to one of two treatment conditions (walking or low-
intensity resistance/flexibility). Random assignment
was based on a modification of the baseline adaptive
randomization scheme (Begg and Iglewicz, 1980).

Treatment Conditions

Walking Group

This group was led by experienced exercise spe-
cialists and met in a local shopping mall. The focus
of this program was on the provision of an organized
walking program as an aerobic stimulus designed to
influence cardiorespiratory endurance. The exercise
sessions were conducted three times per week for six
months, and followed basic ACSM guidelines includ-
ing adequate warm-up and cool down periods and
progressive increments in exercise intensity and du-
ration. The intensity level began at light levels (50–
55% VO2peak) and gradually increased to more mod-
erate levels (65% VO2peak) by the midpoint of the
program. The level of exercise intensity was based

Fig. 1. CONSORT diagram depicting the flow of participants through each stage of this
randomized trial.



388 Motl, Konopack, McAuley, Elavsky, Jerome, and Marquez

on physiological responses during graded exercise
testing and was monitored based on heart rate
(Karvonen method) and ratings of perceived ex-
ertion (Borg, 1998). Exercise duration began at
10–15 minutes and progressively increased by one
minute per session until participants were exercising
between 40 and 45 minutes per session. Each walk-
ing session included 10 minutes of warm up and cool-
down activities.

Resistance and Flexibility Group

This group of individuals was led by an expe-
rienced exercise specialist and met in a large gym-
nasium on the same frequency and duration as the
aerobic group. The focus of this program was on the
provision of an organized program of stretching and
low intensity strengthening exercises for the whole
body designed for older individuals. The program in-
cluded (a) low-intensity resistance exercises consist-
ing of one set of 8–12 repetition per major muscle
group using elastic bands to provide resistance and
(b) flexibility exercises for all large muscle groups
with stretches held to the point of slight discomfort
for approximately 20–30 s and repeated 5–10 times
(Larsson et al., 1979). Consistent with the walking
condition, exercise duration began at 10–15 minutes
and progressively increased by one minute per ses-
sion until participants were exercising between 40
and 45 minutes per session. Each resistance/flexibility
session included 10 minutes of warm up and cool-
down activities.

Measures

Demographics, Health History, and Physical
Activity History

Participant completed an inventory that pro-
vided detailed demographic and medical, health,
lifestyle, and exercise history information.

Depressive Symptoms

Depressive symptoms were measured using the
30-item Geriatric Depression Scale (GDS; Yesavage
et al., 1982). The GDS was specifically developed
for measuring depressive symptoms among geriatric
populations and, consistent with recommendations
(O’Connor et al., 1993), has been used in previous
exercise interventions with older adults (McMurdo

and Burnett, 1992; Singh et al., 1997). Sample items
from the GDS are “Do you feel your life is empty”
and “Do you feel that your situation is hopeless.”
Each of the 30 items was rated regarding whether it
was currently pertinent to the participant’s life using
No or Yes response options. Positively worded items
were reverse scored, and scores from the 30 items
were summed to provide a single composite score.
The composite score ranged from 0 to 30 with higher
scores reflecting greater depressive symptomology.
Evidence supports the validity and reliability of GDS
scores as a measure of depressive symptoms among
older adults (Hyer and Blount, 1984; Yesavage et al.,
1982). The internal consistencies of the GDS at base-
line and 60 months in this study were .85 and .88,
respectively.

Physical Self-Esteem

The Physical Self-Perception Profile (PSPP) is a
30-item instrument used to assess self-esteem relative
to several domains of physical functioning in a hier-
archical, multidimensional fashion (Fox, 1990). The
instrument contains a general 6-item physical self-
worth scale (PSW), which was of primary interest
in this study as a measure of physical self-esteem,
as well as four sub-domain scales specific to per-
ceived sport competence, physical condition, attrac-
tive body, and strength, with six items per scale. Sam-
ple items tapping the domain of physical self-worth
were “I am extremely proud of who I am and what I
can do physically” and “I always have a really posi-
tive feeling about the physical side of myself.” Par-
ticipants rated the degree to which each item was
characteristic or true of them using a 4-point scale
with anchors of Not at all true and Completely true.
Evidence supports the reliability and factorial, con-
struct, and predictive validity of PSPP scores (Fox,
1990). The internal consistencies of the PSW subscale
at baseline and 60 months in this study were .89 and
.84, respectively.

Procedures

The procedures were approved by an Institu-
tional Review Board, and all participants provided
written informed consent. Baseline assessments of
depressive symptoms and physical self-esteem were
completed upon entry into the trial, but before
random assignment of participants to treatment con-
ditions. The participants embarked on a 6-month ex-
ercise training program that involved either walking
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or low-intensity resistance/flexibility. The measures
of depressive symptoms and physical self-esteem
were completed immediately after the 6-month in-
tervention, and then again 12 and 60 months after
intervention initiation. The measures were mailed to
the participants, and participants completed the self-
report measures in their home.

Latent Growth Modeling

We used latent growth curve modeling (LGM)
to examine (a) the pattern of change in depres-
sive symptoms across time and (b) the effect of the
two modes of physical activity on changes in de-
pressive symptoms (Lance et al., 2000; Meredith and
Tisak, 1990; Willett and Sayer, 1994). LGM is a two-
stage process that invokes a confirmatory factor ana-
lytic framework on variables measured longitudinally
(Lance et al., 2000; Meredith and Tisak, 1990; Willett
and Sayer, 1994). In the first stage, individual-level
growth trajectories are fit to represent change on
measures of the same construct obtained on multiple
measurement occasions. This within-individual stage
models aspects of intra-individual change including
the sample mean change trajectory and within sam-
ple variability in the mean change trajectory. The sec-
ond stage, or the between-individual stage, involves
an examination of additional variables as determi-
nants or outcomes of longitudinal growth trajecto-
ries. For example, the effect of the two treatment
groups on change in depressive symptoms was exam-
ined in the second stage of LGM.

LGM has a number of advantages over other
more commonly adopted approaches used to
study change among continuous variables (e.g.,
repeated measures ANOVA) including the ability to
(a) model change at the individual as well as the
group level of analysis; (b) model individual differ-
ences in change trajectories (initial status and change
functions); and (c) model various functional forms of
change (e.g., linear, quadratic, optimal; Duncan et al.,
1999; Lance et al., 2000; Meredith and Tisak, 1990;
Willett and Sayer, 1994). LGM has an additional
advantage of increased power for detecting group
differences in change across time compared with a
factorial repeated measures ANOVA (Duncan et al.,
1999).

Panel Analysis

We used panel analysis for examining the di-
rect effects of physical self-esteem on changes in de-

pressive symptoms across time. The panel model that
was tested with covariance modeling is presented
in Fig. 2. This model included (a) paths between
the same variables measured across time (i.e., stabil-
ity coefficients) and (b) paths linking physical self-
esteem with depressive symptoms at baseline and at
the 6-, 12-, and 60-month assessments.

Model Estimation

The LGM and panel analyses were performed
using LISREL 8.50 with full-information maxi-
mum likelihood (FIML) estimation because there
were missing data (Jöreskog and Sörbom, 1996).
Missing values were present for 8.0, 10.9, and
29.9% of depressive symptoms data and 6.9, 13.2,
and 28.2% of physical self-esteem data for the 6-,
12-, and 60-month measurements, respectively.
FIML estimation is an optimal method for the treat-
ment of missing data in covariance modeling
(Arbuckle, 1996; Enders, 2002; Enders and
Bandalos, 2001), particularly in applications of
longitudinal modeling (Wothke, 2000). This esti-
mator provides an intent-to-treat analysis whereby
all of the available data are used in the estimation
procedure. That is, cases with complete and incom-
plete data are utilized, unlike traditional maximum
likelihood estimation in covariance modeling which
requires listwise or pairwise deletion of cases with
incomplete data. The FIML estimator has yielded
accurate parameter estimates and fit indices with
simulated missing data (Arbuckle, 1996; Enders,
2002; Enders and Bandalos, 2001; Wothke, 2000).
Other missing data techniques, particularly pairwise
and listwise deletion of cases, have yielded biased
parameter estimates and fit indices and fail to make
maximal use of all available data (Arbuckle, 1996;
Enders, 2002; Enders and Bandalos, 2001; Wothke,
2000).

Model Fit

The chi-square statistic, root mean square er-
ror of approximation (RMSEA), non-normed fit in-
dex (NNFI), and comparative fit index (CFI) were
used to evaluate the model-data fit. The chi-square
statistic assesses absolute fit of the model to the data
(Bollen, 1989). The RMSEA represents closeness of
fit of the model to the data, with values approxi-
mating or less than 0.05 demonstrating a good fit
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(Browne and Cudeck, 1993). The 90% confidence
interval (CI) around the RMSEA should contain
0.05 to indicate the possibility of close model-data fit
(Browne and Cudeck, 1993). The NNFI and CFI are
incremental fit indices and test the proportionate im-
provement in fit by comparing the target model to a
baseline model with no correlations among observed
variables (Bentler, 1990; Bentler and Bonett, 1980).
NNFI and CFI values approximating 0.95 are indica-
tive of good model-data fit (Hu and Bentler, 1999).

RESULTS

The demographic characteristics of the sample
at baseline are provided in Table I. The majority of
sample participants were female and Caucasian. Of
the initial 174 participants, 153 individuals completed
the 6-month trial, yielding an 88% overall adherence
rate. Attendance rates did not differ significantly be-
tween treatment conditions (t = 0.88, p > 0.30). The
program consisted of a total of 70 activity days. The
mean number of days attended for the overall sam-
ple was 56.7 (SD = 14.1). The mean number of days
attended by exercise condition was 55.7 (SD = 14.8)
for the walking group and 57.6 (SD = 13.5) for the

Table I. Demographic and Health Status Data
for the Total Sample (N = 174)

n %

Demographic factors
Male 49 28
Female 125 72
Married 100 58
Education

≤Highschool 44 25
>Highschool 127 73

Annual income
<$20,000 30 18
<$40,000 69 42
≥$40,000 64 37

Ethnicity/Race
African American 4 2
White 164 95
Hispanic/Latino 1 1
Other 2 1

Disease status
CVD 13 8
Hypertension 61 35
Cerebrovascular 3 2
Arthritis 40 23
Hyperlipidemia 40 23
Diabetes 15 9
Cancer 18 10

resistance/flexibility group. We previously reported
that the walking group exhibited a 5.1% increase in
relative VO2peak, whereas the resistance/flexibility
condition exhibited a 2.8% reduction in relative
VO2peak (Boileau et al., 1999). This supports that the
two modes of physical activity had different influ-
ences on cardiorespiratory fitness. Table II contains
the mean scores and standard errors for the depres-
sive symptoms and physical self-esteem measures.

Estimating Growth in Depressive Symptoms

Growth in depressive symptom scores was best
described by an optimal growth function with a het-
eroscedastic residual structure. This model provided
an excellent fit for the depressive symptoms data
(χ2 = 5.14, df = 3, p = .16, RMSEA [90% CI] = 0.06
[0.00–0.16], NNFI = 0.99, CFI = 0.99). Subsequent
tests of the model with treatment group assign-
ment as an exogenous predictor of initial status
and change factors for depressive symptoms pro-
vided an excellent fit (χ2 = 8.74, df = 5, p = .12,
RMSEA [90% CI] = 0.07 [0.00–0.14], NNFI = 0.98,
CFI = 0.99). However, the effects for treatment
group on the depressive symptoms initial status and
change function endogenous variables were non-
significant. Hence, the two conditions did not have
a differential effect on depressive symptoms scores
across time. The mean scores provided in Table II
illustrated a curvilinear pattern of change in depres-
sive symptom scores across time. There was an ini-
tial decrease of depressive symptom scores immedi-
ately after the intervention, followed by a sustained
reduction of depressive symptom scores for the 12-
and 60-month follow-up measurements. The effect
sizes (Cohen’s d) for the reduction in depression at
the 6-, 12-, and 60-month time points relative to base-
line were −0.26, −0.18, and −0.29, respectively. The
correlation between initial status and change func-
tion endogenous variables was not statistically signifi-
cant (ψ21 = 0.04), and thus initial status did not impact
the magnitude of change in depression scores across
time.

Effects of Physical Self-Esteem on Changes
in Depressive Symptoms

The previous analysis provided a representa-
tion of the growth function for depressive symp-
toms across time. The panel analysis examined the
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Table II. Descriptive Statistics for the Measures of Depressive Symptom and Physical Self-
Esteem Across Time for the Overall Sample and by Walking and Stretching/Toning Groups

Sample
measure Baseline 6 months 12 months 60 months

Overall sample
Depressive symptoms 5.6 (0.4) 4.4 (0.4) 4.7 (0.4) 4.2 (0.4)
Physical self-esteem 13.4 (0.3) 15.5 (0.3) 14.9 (0.4) 15.2 (0.3)

Walking group
Depressive symptoms 6.0 (0.6) 4.7 (0.6) 4.6 (0.5) 4.3 (0.6)
Physical self-esteem 13.2 (0.4) 15.1 (0.4) 14.7 (0.5) 15.1 (0.5)

Stretching/toning group
Depressive symptoms 5.2 (0.5) 4.0 (0.5) 4.8 (0.6) 4.1 (0.6)
Physical self-esteem 13.6 (0.4) 15.8 (0.4) 15.0 (0.5) 15.2 (0.5)

Note. Values represent mean (standard error of the mean).

direct effect of physical self-esteem on changes in
depressive symptoms across the baseline and 6-,
12-, and 60-month time points. This model is il-
lustrated in Fig. 2, and it provided a good fit for
the data (χ2 = 28.85, df = 12, p = .004, RMSEA [90%
CI] = 0.09 [0.05–0.13], NNFI = 0.94, CFI = 0.98). In-
spection of the path coefficients in Fig. 2 indicated
that there were statistically significant direct effects
of physical self-esteem on depressive symptoms at
baseline (β =−.32), 6 months (β= −.13), 12 months
(β= −.10), and 60 months (β= −.10). Hence, phys-
ical self-esteem was most strongly related with de-
pressive symptoms at baseline (i.e., cross-sectional
association), and less strongly related with depres-
sion symptoms at 6, 12, and 60 months after the ini-
tiation of the intervention (i.e., longitudinal associ-
ation), which is expected, given the relatively small
change in depressive symptoms after the exercise
intervention.

Figure 2 provides further information about the
stability of the measures across time. Overall, the
stability coefficients were very strong for depressive
symptoms and physical self-esteem for the first and
second and second and third assessments, which was
expected, given the relatively short period of time be-
tween assessments (i.e., 6 months). The stability co-
efficients were weaker for the two measures for the
third and fourth assessments, as would be expected,
given that the assessments occurred across a longer
time period (i.e., 48 months).

DISCUSSION

The primary novel finding of this study in-
volved the long-term maintenance effects of an ex-
ercise training intervention on reductions in depres-

sive symptoms among older adults who were not
clinically depressed. Latent growth curve modeling
demonstrated that depressive symptoms scores were
reduced immediately after the six-month exercise
intervention, and this reduction was maintained at
12 and 60 months post-program initiation. This pat-
tern of growth demonstrates that exercise training
does not simply have a transient effect on depres-
sive symptoms that vanishes immediately after the
completion of an exercise intervention. Rather, exer-
cise training may provide a long-lasting antidepres-
sant effect, albeit in non-depressed older adults. Sim-
ilar evidence of a sustained reduction in depression
was observed 26 months after a 20-week exercise
intervention among depressed older adults (Singh
et al., 2001). Therefore, emerging evidence supports
the effectiveness of exercise training for the sustained
reduction of depressive symptoms after the inter-
vention period among depressed and non-depressed
older adults.

Another important finding of this study was that
physical self-esteem predicted change in depressive
symptoms. Although various neurobiological mech-
anisms have frequently been hypothesized as under-
lying the antidepressant effects of physical activity
(Dishman, 1997), the role played in this relationship
by cognitive factors has received increasing attention
(Broose et al., 2002; Fox, 2000; O’Neal et al., 2000).
Indeed, our results support such a position in that
physical self-esteem is a cognitive factor that had di-
rect, albeit modest, effects on changes in depressive
symptoms. Subsequent physical activity intervention
research might be designed to specifically target val-
ued aspects of the physical self (i.e., strength, phys-
ical condition, physical appearance, etc.) in an ef-
fort to have a more pronounced effect on physical
self-esteem and, in turn, depressive symptoms and
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Fig. 2. Model tested with panel analysis that included direct
effects of physical self-esteem on depressive symptoms across
four time points. Path coefficients are completely standardized.
M0 = baseline; M6 = 6 months; M12 = 12 months; and M60 =
60 months. PSW = Physical Self-Worth; and GDS = Geriatric De-
pression Scale.

other indicators of mental status. Previous research
(Li et al., 2002; McAuley et al., 2000) and theory
(Sonstroem and Morgan, 1989; Sonstroem, 1997)
suggest that improving cardiorespiratory fitness, self-
efficacy, and body composition through increased

physical activity can lead to these desired improve-
ments in physical self-esteem.

Interestingly, changes in depressive symptoms
did not differ based on the mode of physical activ-
ity. There was no effect of treatment group on ini-
tial status or change in depressive symptoms scores.
Such findings are consistent with previous research
reporting that aerobic exercise training yields a re-
duction in depression (Dunn et al., 2001), but we
are unaware of studies that have examined the ef-
fect of low-intensity resistance/flexibility exercise on
depressive symptoms. However, Li and colleagues
have reported that participation in Tai Chi results
in improvements in anxiety, depression, self-esteem,
and general well-being in older adults (Li et al.,
2001, 2002). Tai Chi is a traditional exercise origi-
nating from Chinese culture that incorporates ele-
ments of balance, postural alignment, and concen-
tration, and thus is a low-intensity form of exercise.
Indeed, there is a growing body of literature sup-
porting the position that vigorous physical activ-
ity is not necessary for health benefits (Blair and
Connelly, 1996). Although there is increasing evi-
dence to suggest that changes in aerobic fitness are
implicated in improvements in cognitive function
among older adults (see McAuley et al., 2004 for a re-
view), fitness change may not be necessary for other
mental health benefits.

We note that the sustained antidepressant ef-
fects of exercise reported in this study were observed
in older adults who were not diagnosed as clini-
cally depressed. Given the status of individuals over
65 years of age as one of the fastest growing age
groups in the U.S. (National Institute of Aging, 2000)
and the relationship between depression and disabil-
ity among aging older adults (Penninx et al., 1998),
such findings have important implications for iden-
tifying strategies for both prevention and treatment
of depression in this age group. Although previous
research has provided a basis for exercise as a treat-
ment for depression among older adults, there is lit-
tle experimental evidence to support physical activity
as a possible means of preventing depression among
non-depressed older adults (Dunn et al., 2001). The
results of the present study demonstrate the effec-
tiveness of an exercise training intervention for the
long-term reduction of depressive symptoms across
a five-year period, which, in combination with the
results of population-based epidemiological studies
(Strawbridge et al., 2002), supports exercise for the
prevention of depressive symptoms in non-depressed
older adults.
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The present study, similar to others
(Blumenthal et al., 1999), did not include a true
control condition, and observed changes in depres-
sive symptoms scores might have been caused by
passage of time effects associated with regression to
the mean. However, this does not appear to be the
case in the present study. The initial mean depressive
symptoms score in the present study was 5.6, while
the mean value reported in the original validation
study of the GDS with community-dwelling elderly
persons was 5.8 (Yesavage et al., 1982). Accordingly,
the participants in this study reported an initial
depressive symptoms score that was below the
value reported in the original validation research
(Yesavage et al., 1982), and reported further reduc-
tions in depressive symptoms scores across time.
Hence, we do not believe the changes in depressive
symptoms scores are explained by regression to the
mean. Moreover, we did not observe a relationship
between initial level of depression and the magni-
tude of change in depression over the course of the
intervention, which has been observed in previous
research (Blumenthal et al., 1999). The low initial
level of depression observed in this study likely
accounts for the lack of a relationship between initial
level of depression and the magnitude of change in
depression over the course of the intervention.

Although this study had a number of strengths,
it is necessary to acknowledge several limitations
to our findings. Our sample was predominantly
Caucasian and female, in spite of efforts to recruit
participants from African-American and Latino
communities. The distribution of sex in our sample
is more reflective of the population at this age
than an equal ratio of females and males, but the
predominance of Caucasians is not as reflective
of the population. Subsequent research might tar-
get such understudied populations to determine
whether these long-term effects of physical activity
on depressive symptoms and the roles played in this
relationship by changes in physical self-esteem can
be replicated. Additionally, we contrasted only a
low-intensity resistance and flexibility exercise con-
dition with a traditional aerobic walking condition.
Whether other exercise modalities such as yoga
and more intense resistance training programs have
differential effects on depressive symptoms remains
to be determined. Although we consider our sample
to be relatively large for an exercise intervention,
it will be necessary to cross-validate the findings in
a larger independent sample. Finally, as has been
acknowledged throughout this manuscript, partic-

ipants in our sample were not, to our knowledge,
clinically depressed but, rather, exhibited relatively
low levels of depressive symptoms. Nonetheless,
our effects were fairly robust and approximated
a 1/4 standard deviation reduction in depressive
symptoms. It will be important to determine whether
the effects reported herein are amplified in samples
with elevated or clinical depression levels. One
might reasonably expect an intervention effect in
the short-term, but determination of whether these
effects can be maintained over time is warranted.

In summary, we provide novel evidence that
supports (a) the effectiveness of an exercise training
intervention for the sustained reduction of depres-
sive symptoms among non-depressed older adults
and (b) physical self-esteem as an important factor
that underlies changes in depressive symptoms after
an exercise training intervention among older adults.
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