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Exercise and Depressive Symptoms in Older Adults: A Systematic 
Meta-Analytic Review 

Kathleen T. Rhyner and Amber Watts 

Depressive symptoms are common in older adults, but antidepressant medications may be contraindicated or poorly tolerated in this 

population. Intervention studies demonstrate that exercise may be an effective alternative. This meta-analysis included 41 

randomized controlled trials of aerobic and nonaerobic exercise interventions investigating the effect of exercise on depressive 

symptoms in adults aged 60 or older. A random effects model demonstrated that exercise was associated with significantly lower 

depression severity (SMD = 0.57, 95% CI 0.36–0.78). This effect was not significantly different for different ages of participants, 

types of control groups, or types of exercise interventions. Studies requiring a diagnosis of depression had significantly greater mean 

effect sizes than studies that did not require a depression diagnosis (Qbet = 6.843, df = 1, p = .009). These findings suggest that 

exercise is an effective treatment option for older individuals with depressive symptoms. 

Keywords:[AUQ2]

Depression is one of the most common mental disorders in 

older adults, and depressive symptoms can significantly decrease 

quality of life even if an individual does not meet the threshold for a 

diagnosis of major depressive disorder (Blazer, 2003). A recent 

estimate of the prevalence of depression in older individuals is 

approximately 11%, although estimates vary widely depending on the 

setting, the population assessed, and the criteria used for evaluation 

(Djernes, 2006; Steffens, Fisher, Langa, Potter & Plassman, 2009). 

While older adults are less likely than their younger counterparts to be 

diagnosed with major depression, they are more likely to be 

diagnosed with dysthymia, minor depression, and other less severe 

depressive disorders (Blazer, 2003). 

Growing numbers of older individuals will need care for the 

debilitating effects of depressive symptoms. Currently, the most 

popular treatment for depression is antidepressant medication (Whyte 

et al., 2004). A systematic review of placebo-controlled 

antidepressant medication trials in adults over age 55 (Taylor & 

Doraiswamy, 2004) found 71.5% greater efficacy for antidepressant 

medication over placebo. However, treating depressive symptoms 

with medication in older adults has unique risks compared with use in 

the general adult population (Blazer, 2003). Older adults have 

differences in drug metabolism compared with younger adults and 

often take multiple medications for comorbid medical conditions and 

are at risk for adverse effects due to drug interactions (Álamo, López‐
Muñoz, García‐García, & García‐Ramos, 2014). In one study, 22.8% 

of new older adult antidepressant users discontinued their medication 

while 17.9% switched to a different medication primarily because of 

side effects or major drug interactions (Mark et al., 2011). 

Given potential barriers and drawbacks to treatment with 

antidepressant medications, exercise has emerged as a possible 

alternative treatment for depressive symptoms in individuals of all 

ages. Exercise interventions for treatment of depression have been 

extensively studied in younger adult populations with a large mean 

effect size (Craft & Landers, 1998; Lawlor & Hokper, 2001[AUQ3]; 

Stathopoulou, Powers, Berry, Smits, & Otto, 2006). Although studies 

on exercise as a treatment for depression have been overwhelmingly 

positive in younger adults, studies involving older adult populations 

are less common and have mixed results (Sjösten & Kivelä, 2006). 

This may be due in part to the different types of exercise used with 

older adults that are designed to be appropriate for a wider range of 

fitness and physical ability. These exercise interventions vary widely 

across studies and include activities such as resistance training, 

walking, yoga, and Tai Chi (Blake, Mo, Malik, & Thomas, 2009). 

Research with younger adults suggests that aerobic exercise is 

necessary to derive a mood benefit and often focuses on activities 

such as running or biking that are unsuitable for many older adults 

(Singh et al., 2005). In contrast, studies with older adults have 

primarily used walking for aerobic exercise. Anaerobic exercise, such 

as resistance training or strength training, has also been found to be 

effective for decreasing depressive symptoms in younger and older 

adults (Singh, Clements, & Fiatarone, 1997). When it comes to 

exercise benefits for older adults, moderate intensity exercise has 

been found to be beneficial (Dunn, Trivedi, Kampert, Clark, & 

Chambliss, 2005), while vigorous exercise increases the risk for 

injury and sudden death (Willich et al., 1993). 

Several systematic reviews and meta-analyses evaluating the 

effect of exercise on mood symptoms in older adults have been 

published in recent years, mostly supporting the effect of exercise. 

Some of these have focused on mood and well-being (i.e., Arent, 

Landers, & Etnier, 2000; Netz, Wu, Becker, & Tenenbaum, 2005) 

rather than depression per se. Others have conducted systematic 

reviews, but did not estimate statistical effect sizes of the 

interventions (Blake et al., 2009; Sjösten & Kivelä, 2006). Two recent 

meta-analyses were conducted addressing the effect of exercise on 

http://dx.doi.org/10.1123/japa.2015-0146
mailto:amberwatts@ku.edu
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depressive symptoms in older adults (Bridle, Spanjers, Patel, 

Atherton, and Lamb; 2012; Cox, 2007). In the meta-analysis by 

Bridle et al. (2012), the timing of depression outcome assessments 

varies, making the results difficult to interpret and possibly 

underestimating the acute intervention effect of exercise. 

The current review differs from previous reviews in several 

important ways. First, it includes dissertations and theses as well as 

unpublished studies to decrease the chance of publication bias. 

Second, it uses the most immediate assessment time point after the 

intervention period has been completed to eliminate confusion 

regarding end of intervention versus follow-up evaluations and 

provide a measure of effect size that can be compared with other 

intervention studies in the psychotherapy and antidepressant 

medication literature. Third, this review includes all studies that use 

an outcome measure of depressive symptoms, regardless of initial 

participant diagnosis, including seven studies published since the 

most recent meta-analysis. This will address the question of whether 

exercise is helpful for decreasing depressive symptoms in all older 

individuals, not just those with a depression diagnosis. This is an 

important question to consider, since many older individuals may not 

have a diagnosis of depression but may be experiencing a reduction in 

their quality of life because of depressive symptoms (Blazer, 2003). 

The purpose of this meta-analysis was to provide a quantitative 

review of the literature on the effect of exercise interventions on 

depressive symptoms in older adults. Another primary aim of the 

current review was to quantify the extent to which factors related to 

type of exercise intervention, type of control group, age, and presence 

or absence of depression diagnosis moderated treatment effects. The 

results provide guidance for practitioners looking to expand the 

treatment options for depressive symptoms in older adults. 

Methods 

Study Acquisition 
We searched four electronic databases from inception to January 

2014: PsycINFO, ProQuest dissertations and theses, PubMed, and 

Google Scholar. Search parameters were adapted to the database 

requirements and included (but were not limited to) “elderly or older 

adults,” “depression or depressive symptoms,” and “exercise, physical 

activity, yoga, tai chi, qigong, run, walk, swim, dance, resistance, 

strength, or weight.” The bibliographies of the identified articles, as 

well as relevant review papers, were screened to identify other studies 

not present in the database search results. 

Criteria for inclusion of studies consisted of: (1) written in or 

translated to English; (2) randomization or cluster randomization of 

participants for group assignment; (3) age  60 years; (4) included an 

exercise intervention group; (5) included a nonexercise control group; 

(6) an outcome measure of depression severity was used during 

posttreatment assessment; (7) sufficient data were reported to allow 

for calculation of effect sizes. In keeping with the standard articulated 

by Bridle et al. (2012), exercise was defined as “any planned or 

structured movement of the body performed systematically in terms 

of frequency, intensity, and duration” (p. 180). 

Data were extracted and coded by the primary author and 

recorded using a predetermined coding manual. Coded features 

included: (1) demographics of participants (age, gender, ethnicity, 

location, depression diagnosis, comorbid conditions); (2) elements of 

research design (method of assignment to condition, blinding of 

assessors, power analysis); (3) type of exercise treatment (aerobic, 

resistance, aerobic/resistance combination, or mind/body) and format 

of exercise (duration, location, frequency, supervision); (4) type of 

control group or alternative treatment group used; (5) outcome data 

(adherence rates, outcome measure used, intent-to-treat analysis, 

means, standard deviations, sample sizes). 

Outcome Measures 
Studies included in the meta-analysis were required to have an 

outcome measure of depression severity used for posttreatment 

assessment. The majority were self-report measures including the 

Beck Depression Inventory (BDI) and BDI-II (Beck, Ward, 

Mendelsohn, Mock, & Erbaugh, 1961), the Center for 

Epidemiological Studies Depression Scale (CES-D) (Radloff, 1977), 

and the Geriatric Depression Scale (GDS) and GDS short form (GDS-

15) designed specifically for the assessment of depressive symptoms 

in older adults (Yeasavage et al., 1983[AUQ4]). Approximately half 

of the included studies used the GDS or GDS-15 to assess depression. 

Publication Bias 
Publication bias refers to the overall bias for publishing studies that 

find significant results and larger effect sizes compared with studies 

that have nonsignificant findings or smaller effect sizes (Begg, 1994). 

Because statistically significant studies are more likely to be 

published, they are also more likely to be included in a meta-analysis, 

potentially compromising the validity of the review. Thus, we 

included unpublished studies in the meta-analysis by identifying 

relevant unpublished theses and dissertations through ProQuest 

dissertations and theses. 

We used funnel plots and Orwin’s fail-safe N to evaluate the 

presence of publication bias. We displayed a comparison of 

standardized mean difference and standard error of studies in a funnel 

plot. Funnel plots that are symmetrical provide evidence that 

substantial publication bias is not present in the sample of studies. 

Funnel plots that are asymmetrical and contain more studies to the 

right of the mean effect size indicate publication bias such that studies 

with larger effect sizes are more likely to have been included. Orwin’s 

fail-safe N addresses how many studies would be required to bring 

the overall effect to a predetermined value of substantive importance, 

which is not necessarily zero (Orwin & Boruch, 1983). In the current 

analysis, Orwin’s fail-safe N was calculated based on a value of 0.1, 

which indicates the lower bound of a small effect size. 

Primary Analyses 
All analyses were conducted using R (The R Foundation for 

Statistical Computing, Vienna, Austria), specifically the metafor 

package for conducting meta-analysis (Viechtbauer, 2010). A random 

effects model was used because the effect size was not expected to be 

the same for all studies due to variation in study characteristics. The 

homogeneity of effect sizes was also evaluated using the test for 

homogeneity of Q using the chi-square significance test and the I2 

test. 

Because studies included in the meta-analysis used different 

outcome measures to assess depression, the summary measure of the 

treatment effect was the difference in mean depression score, 

expressed as a standardized mean difference. Hedge’s g, which 

includes a correction for sample size bias and better allows for 

inferential interpretations, was used as the measure for the 

standardized mean difference (Hedges & Olkin, 1985). A positive 

value of Hedge’s g indicates a greater reduction in depressive 

symptoms for the exercise treatment group. Effect sizes were 

aggregated across studies using weighted averaging to produce 

standardized mean effect size estimates. 

One study (Blumenthal et al., 1991) contained two independent 

pairs of groups; therefore this study contributed two independent 
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effect size estimates. Eight studies included multiple comparison 

groups, generally an alternative treatment group and a control group. 

Given that the number of studies including an alternative treatment 

group was small, the results of the control groups were compared with 

the results of the treatment groups for those studies to decrease 

heterogeneity. The data for the alternative treatment groups were not 

included in the current analyses. 

Moderator Analyses 
Moderator analysis was conducted to investigate the effects of age, 

diagnosis of depression, type of control group, and type of treatment 

on the effect sizes of treatment of depressive symptoms. Previous 

research is mixed on whether the effect of exercise treatment is 

expected to decrease with an increase in age (Fukukawa et al., 2004). 

Therefore, the mean age of participants was dichotomized into two 

groups, with ages 60–74 and 75+ included in a subgroup analysis. For 

initial diagnosis of depression, studies were divided into studies that 

required participants to have a diagnosis of depression to be included 

in the study, and studies that did not require participants to have a 

diagnosis of depression. For type of control group, studies were 

divided into studies that used a “treatment as usual,” “no treatment,” 

or “wait-list” control group, and studies that used an active treatment 

comparison group. For type of treatment used, studies were divided 

into aerobic exercise only, resistance/strength training only, 

combination of aerobic and strength exercise, and mind/body 

exercises (i.e., Qigong, yoga, and Tai Chi). If a study did not provide 

sufficient information to determine appropriate moderator category 

placement, it was excluded from that particular moderator analysis 

only but was not restricted from inclusion in other moderator 

analyses. 

Categorical random effects analyses of variance were 

performed to determine if variability in effect sizes was related to the 

chosen moderator variables. Effect sizes were grouped on the basis of 

the moderator variable and the variance was partitioned into between-

groups and within-groups variance. If the Q-between score was 

significant, it suggested that the effect sizes between groups differed 

as a function of group membership, not sampling error (Borenstein, 

Hedges, Higgins, & Rothstein, 2009). 

Results 

The search identified 2,175 citations. Ninety-five percent were 

excluded during the initial screening phase primarily due to use of 

nonrandomized designs and age of participants less than 60 years old. 

Next, 109 articles were reviewed and assessed against the inclusion 

criteria, and 45 studies met the inclusion criteria as described in the 

Methods section. Briefly, the studies had to be in English, include 

randomized designs with both intervention and control groups, 

include participants aged 60 and older, measure depression severity 

postintervention, and provide sufficient data to calculate an effect 

size. Five studies did not provide statistics sufficient for calculating 

an effect size. One study (Blumenthal et al., 1991) contributed two 

independent effect sizes to the analysis, making the total number of 

included effect sizes 41. 

Study Characteristics 
Of the 41 trials included, 33 were published trials while three were 

unpublished theses and five were unpublished dissertations. Twenty-

one studies were conducted in the United States. Four studies each 

were conducted in Australia and Hong Kong. Two studies each were 

conducted in Canada, Taiwan, and Japan. New Zealand, England, 

France, India, and Iran were each the location for one study. Within 

the 41 trials, common exclusion criteria included: diagnosis of a 

terminal illness; physical contraindications for participating in 

exercise and medical conditions that increase risk of adverse events 

from exercising; severe mental health problems including bipolar 

disorder, schizophrenia, psychosis, and alcohol or substance abuse; 

antidepressant medication use; cognitive impairment; and current 

involvement in exercise practice. 

Table 1 presents a summary of the characteristics of the sample 

of studies. Most studies enrolled primarily female participants, and 

the mean age of trial populations ranged from 66 years to 88 years. A 

diagnosis of depression was required for participant inclusion in 15 

studies. The type of outcome measure used to assess depressive 

symptoms also varied widely across studies, with variations of the 

GDS and the CES-D being the most commonly used outcome 

measures. Twelve studies included an active comparison treatment 

group, usually designed to control for social contact, while 29 studies 

used a wait-list, usual care, or no treatment control group. Studies 

were evenly dispersed between the four predetermined categories for 

classifying type of exercise intervention. Table 2 provides an 

overview of the interventions of the included studies. 

 

\insert Table 1\ 

\insert Table 2\ 

 

The risk of bias also varied widely between studies. All studies 

were required to use randomization to allocate participants to groups 

to be included in the meta-analysis. However, the actual method of 

randomization was frequently not reported. Studies that did report the 

method of randomization tended to use computer-generated random 

numbers for assignment. Four studies randomized the locations for 

the studies and assigned all participants in a particular location to the 

intervention or control group to prevent contamination across groups 

in the same living facility. The remaining 37 studies all conducted 

randomization at the individual level, although some studies 

randomized couples to the same group. Studies were also assessed for 

use of blinded assessors, reporting of adherence, use of power 

analyses for determination of sample size, and use of intent-to-treat 

(ITT) analysis. 

Publication Bias 
The funnel plot suggests a lack of studies with greater standard errors 

(empty space near the bottom of the funnel), however, if a bias in 

effect size were present we would expect to see a greater number of 

studies to the right of the mean effect size on the plot, which we do 

not see (see Figure 1). This provides evidence that a sufficient number 

of studies with nonsignificant results or small effect sizes were 

included in the current meta-analysis. Because the interpretation of a 

funnel plot can be highly subjective, we calculated Orwin’s fail-safe 

N to evaluate publication bias. Orwin’s fail-safe N indicated that 152 

additional studies with an effect size of zero would need to be 

included to reduce the mean effect size below a trivial level of 

significance. These results support the argument that the current study 

is not strongly affected by publication bias and can be considered a 

valid review of the current literature. 

 

\insert Figure 1\ 

 

We conducted a moderator analysis to determine if there was a 

significant difference between mean effect sizes in published studies 

compared with unpublished studies. We compared the mean effect 
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size of the 33 published studies with the mean effect size of the eight 

unpublished theses and dissertations, finding the difference was not 

significant (Qbet = 0.001, df = 1, p = .981), which supports the 

retention of all studies in the analyses to provide the most accurate 

and unbiased summary of the overall effect size. 

Heterogeneity of Effect 
Evidence for statistical heterogeneity was supported by the 

significance test for the observed value of Q. The test for 

homogeneity yielded a Q statistic of 262.25. Using the 2 test of 

significance, the null hypothesis of homogeneity was rejected (p < 

.001). Evidence for statistical heterogeneity was also supported by the 

results of the I2 test, which indicated that 85.2% of the variance in 

effect sizes across studies was due to true heterogeneity of effects 

rather than chance. 

Mean Effect Size 
The goal of this meta-analysis was to evaluate the effect of exercise 

on depressive symptoms in older adults. Using a random effects 

model, the synthesis of data from 41 studies produced a moderate 

statistically significant effect in which exercise was associated with 

lower levels of depressive symptoms (SMD = 0.57, 95% CI 0.36–

0.78). The corresponding Z value of 5.28 was statistically significant 

(p < .001), and the 95% confidence interval did not overlap zero, 

indicating rejection of the null hypothesis. Figure 2 provides a forest 

plot of the standardized mean difference and 95% confidence 

intervals for all included studies as well as the summary effect. The 

studies are presented in order of effect size. While most studies 

showed a positive mean change effect size for the effect of exercise, 

five studies (Blumenthal et al., 1991; Emery & Gatz, 1990; Sims, 

Hill, Davidson, Gunn, & Huang, 2006; Tsang, Mok, Au Yeung, & 

Chan, 2003; Wang, 2009) did produce a negative mean change effect 

size, indicating that the control group had lower levels of depressive 

symptoms than the exercise treatment group. Most of these five 

studies had small sample sizes in each group and low baseline 

symptom levels or baseline differences between groups in the 

symptom levels. 

 

\insert Figure 2\ 

Moderator Analyses 
A moderator analysis was conducted to determine if age of 

participants accounted for variability in effect sizes between studies. 

Studies of young-old (60–74 years) participants (N = 28) had a 

standardized mean difference (SMD) of 0.45 (95% CI 0.27–0.63). 

Studies of old-old (75+ years) participants (N = 10) had a SMD of 

0.73 (95% CI 0.10, 1.37). Three studies were excluded due to lack of 

information about mean sample age. An analysis of variance 

comparison resulted in a nonsignificant Q value, (Qbet = 0.688, df = 1, 

p = .407), indicating that the age of participants did not result in a 

significant difference in effect sizes for exercise treatment on 

depressive symptoms. 

A second moderator analysis was conducted to determine if the 

requirement to have a diagnosis of clinical depression to be included 

in the study accounted for variability in effect sizes between studies. 

Fifteen studies required a depression diagnosis to participate in the 

study, resulting in a SMD of 0.97 (95% CI 0.56, 1.38). Twenty-six 

studies did not require a diagnosis of depression, resulting in a SMD 

of 0.36 (95% CI 0.19, 0.52). An analysis of variance comparison 

resulted in a significant Q value, (Qbet = 6.843, df = 1, p = .009), 

indicating that studies requiring a diagnosis of depression had greater 

effect sizes than studies not requiring a diagnosis of depression. 

A third moderator analysis was conducted to determine if the 

type of control group used accounted for variability in effect sizes 

between studies. Twenty-nine studies used a no treatment control 

group, resulting in a SMD of 0.54 (95% CI 0.36, 0.72). Twelve 

studies used an active comparison treatment group, resulting in a 

SMD of 0.64 (95% CI 0.06, 1.22). An analysis of variance 

comparison resulted in a nonsignificant Q value, (Qbet = 0.148, df = 1, 

p = .700), indicating that the type of control group used in the study 

did not result in a significant difference in effect sizes. 

A final moderator analysis was conducted to determine if the 

type of exercise treatment accounted for variability in effect sizes 

between studies. Ten studies used aerobic exercise only, resulting in a 

SMD of 0.43 (95% CI 0.18, 0.67). Nine studies used resistance or 

strength training only, resulting in a SMD of 0.79 (95% CI 0.36, 

1.21). Nine studies used a combination of aerobic and strength 

training, resulting in a SMD of 0.56 (95% CI –0.07, 1.18). Twelve 

studies used mind/body exercises, resulting in a SMD of 0.58 (95% 

CI 0.24, 0.92). One study was excluded from this moderator analysis 

due to insufficient information about the exercise intervention. An 

analysis of variance comparison resulted in a nonsignificant Q value 

(Qbet = 2.054, df = 3, p = .561), indicating that the type of exercise 

treatment did not result in a significant difference in effect sizes for 

exercise treatment on depressive symptoms. 

Discussion 

Summary of Main Results 
The current study used meta-analytic techniques to review 41 studies 

of exercise as a treatment for reducing depressive symptoms in older 

adults. Inclusion criteria were purposefully expanded from previous 

meta-analyses to include participants who were not identified as 

depressed at entry into the studies. This allows the results of this 

review to be generalized to treatments for older adults with any level 

of depressive symptoms, not just those with a diagnosis of clinical 

depression. The results indicate an overall moderate effect size for 

exercise as a treatment for reducing depressive symptoms in older 

adults when compared with “no treatment” or comparison treatment 

control groups. As expected, the effect size estimates for the included 

studies were heterogeneous. Therefore, the effects of several 

moderators were explored to account for some of the heterogeneity. 

Moderator Analyses 
Age of participants has been identified as a possible factor influencing 

the effect of exercise in previous literature; however, research is 

mixed as to the specific effect of age (Engels & Vermey, 1997). Our 

results showed no statistically significant difference between studies 

of ages 60–74 and studies of ages 75 and older. This provides support 

for the use of exercise as a treatment of depressive symptoms at any 

age, not just for young-old adults. Although older adults may face 

more barriers in terms of physical limitations, evidence suggests that 

age-appropriate activities can be an effective method for reducing 

depressive symptoms. 

Previous reviews (Bridle et al., 2012; Cox, 2007) limited 

inclusion of studies to those with participants who have been 

identified as having a clinical diagnosis of depression. The current 

study included articles in which participants were evaluated for 

depressive symptoms at the completion of the study, but were not 

required to have a diagnosis of depression at the initiation of the 

study. Our results supported the hypothesis that studies of individuals 
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with diagnoses of depression would have a greater mean effect size 

than studies that did not. This difference may be due to the impact of 

floor effects of the outcome measures of nondepressed participants. 

Many of the studies in this group had very low levels of depressive 

symptoms in both the treatment and control groups, which does not 

allow for a change of large magnitude in symptoms. The difference 

between groups may also be due to the focus on treatment of 

depression in these studies. Some of the studies in the group that did 

not require a depression diagnosis did have main study hypotheses 

related to the effect of exercise on depressive symptoms; however, 

other studies in this group had a different focus for their main 

hypotheses, including improvement in physiological functioning and 

improvement in quality of life. The difference in focus in these 

studies may have been communicated to study participants by the 

assessors and group leaders, intentionally or unintentionally. Despite 

the differences between the two groups of studies, the effects for both 

groups of studies were statistically significant, with the mean effect 

size for the nondepressed studies representing a small effect and the 

mean effect size for the studies requiring depression representing a 

large effect. This provides strong support for the use of exercise as a 

treatment option for older individuals suffering from depression, but it 

also provides support for the use of exercise to decrease mild or 

transient symptoms of depression in older adults to help improve their 

quality of life. 

Effect sizes of exercise intervention studies did not differ by the 

type of control group used. This indicates that exercise is more 

effective for the treatment of depressive symptoms than no treatment 

and usual care, as well as activities designed to control for social 

contact. This supports the argument that the social element of the 

exercise groups is not the primary catalyst of change on depressive 

symptoms, but that it is the effect of exercise specifically that causes 

the change. 

The type of exercise used in the intervention (aerobic strength 

or resistance training; a combination of aerobic and strength 

exercises; and mind/body exercises) did not significantly influence 

the mean effect size across studies. This finding supports the 

argument that there is no singular type of exercise that effectively 

decreases depressive symptoms. Instead, all types of exercises, with a 

wide variety of frequency and intensity, can be effective for reducing 

depressive symptoms. This is a particularly hopeful finding for older 

individuals who may require more flexibility in exercise routines to 

safely meet their needs. 

Due to physical constraints, older individuals are unlikely to be 

able to engage in the high intensity aerobic or strength training 

activities frequently used in studies of exercise and depression in 

younger adults. If only high-intensity exercise was effective for 

reducing depressive symptoms, it would not be a feasible intervention 

to attempt with older individuals. However, the current review 

supports the use of a wide variety of exercise types geared toward the 

exercise abilities of older adults for the treatment of depressive 

symptoms. Older individuals are also more likely to lack resources to 

engage in certain types of physical activity, for example money to pay 

for a gym or the ability to drive to a park to walk. Many of the studies 

included in this analysis were conducted in various types of 

community living centers for older adults, which represents the most 

likely scenario in which older adults would be able to engage in 

exercise outside of the confines of a research study. Finally, given 

that all types of exercise were equally effective at reducing depressive 

symptoms, it gives individuals the ability to choose an exercise that is 

particularly interesting and enjoyable for them. One of the greatest 

barriers to adherence to an exercise program is lack of interest or 

enjoyment. Therefore, being able to select from a wide variety of 

exercises increases the potential for older individuals to find an 

activity they can continue to use over the long term. 

Unique Contributions 
Previous reviews of exercise for depression in older adults have 

included both randomized and nonrandomized designs in their 

analyses (Arent et al., 2000; Netz et al., 2005). Other systematic 

reviews, such as those by Blake et al. (2009) and Sjösten and Kivelä 

(2006) did not include statistical analyses to assess the overall effect 

size of the exercise interventions. The current study included only 

randomized controlled trails for analysis and used current meta-

analytic techniques to compute effect sizes. Two recent meta-analyses 

(Bridle et al., 2012; Cox, 2007) included only randomized controlled 

trials of exercise as a treatment for individuals with a diagnosis of 

depression, while the current study included any trials with an 

outcome measure of depression regardless of initial mood disorder 

status. The overall mean effect size of the current study (SMD = 0.57) 

is slightly higher than the findings from these two studies. Cox (2007) 

found an overall mean effect size of 0.46, and Bridle et al. (2012) 

found an overall mean effect size of 0.34. The effect size of the 

current study also exceeds the effect sizes commonly found for trials 

of antidepressant medications (SMD = 0.2–0.5) (Taylor et al., 2011) 

and psychotherapy (SMD = 0.18–0.34) (Cuijpers, van Straten, 

Bohlmeijer, Hollon, & Andersson, 2010). This indicates that exercise 

should be considered along with antidepressant medications and 

psychotherapy as a viable and effective option for reducing 

depression symptoms in older adults. Finally, the current study used 

moderator analyses to evaluate the differential effect of age, initial 

depression status, type of control, and type of exercise intervention. 

Implications 
The overall moderate treatment effect of exercise for depressive 

symptoms in older adults did not differ significantly with respect to 

age, type of control group used, or type of exercise. The effect of 

exercise on the reduction of depressive symptoms is equal to or 

greater than results of similar studies for antidepressant medication 

and psychotherapy. Exercise has several advantages over previously 

identified forms of treatment. Older individuals are frequently unable 

to take antidepressant medications and may not have the resources to 

obtain psychotherapy. However, moderate exercise has been 

identified as having a low risk of adverse events and also contributes 

many other physical and psychological benefits (Murtagh et al., 

2010[AUQ5]). Most forms of exercise can be modified to meet the 

physical needs of the individual, and many require minimal 

equipment and can be done at home or at the community living center 

where the older adult resides. Considering the barriers and risks 

involved with the use of psychotherapy and antidepressant medication 

in older adults, exercise should be considered an alternative therapy 

that may prove highly beneficial. 

The current study expanded on previous reviews by including 

studies in which participants were not depressed at the initiation of 

the study. Given the high frequency of subthreshold depressive 

symptoms in the older adult population, exercise participation should 

be encouraged for all older adults who are experiencing symptoms of 

depression. As the overall population continues to live to older ages, 

improving the quality of life during the “golden years” will continue 

to become a priority for individuals, families, community facilitators, 

and healthcare providers. The implementation of exercise programs 

for older adults can help do exactly that, with little inconvenience and 

low cost. 
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Strengths and Limitations 
Strengths of the current study include its rigorous methodological 

approach including (1) a prespecified protocol for the identification 

and coding of studies; (2) limiting the potential for selection bias by 

including unpublished studies; (3) the use of the most recent outcome 

measure after completion of the intervention, thus allowing for 

comparisons with the outcomes of other types of treatment 

(psychotherapy and antidepressant medication); and (4) the use of a 

random effects model to assess the variation of characteristics of 

included studies. 

Other strengths include the number and diversity of studies in 

the analysis, including those that focused on different populations, 

such as those with chronic pain or Alzheimer’s disease, which had not 

been included in previous reviews. The diversity of studies increase 

the generalizability of results to the settings and conditions 

encountered in clinical work with older adults in healthcare or 

community-living situations. 

Some limitations of the study include: (1) We used immediate 

outcome data instead of long-term follow-up data, which cannot 

answer the important question of the long-term benefits of exercise 

interventions. (2) We dichotomized grouping variables for moderator 

analyses. The mean age of participants is a continuous variable that 

was dichotomized for the moderator analysis, which results in loss of 

information. The assignment of studies to different categories of 

treatment groups could also have been conducted, as there remained a 

high level of heterogeneity of exercises within each intervention 

category. However, the current categories were selected due to their 

consistency with the categories previously identified in the literature 

(Penninx et al., 2002). (3) We were unable to include study duration, 

exercise frequency, session length, or exercise intensity as moderators 

in the analyses due to wide variations and lack of sufficient reported 

information. (4) Finally, due to the time constraints of completion of 

the analyses, multiple raters were not used to code the data from the 

studies. 

Future Directions 
The results of this meta-analysis are encouraging for the use of 

exercise as a treatment for depressive symptoms in older adults. 

Given the body of research evidence presented in this review, mental 

health practitioners and directors of facilities for older adults should 

consider incorporation of some type of exercise into their practice or 

strive to make this available for older individuals. Practitioners can 

assist older adults with their safety concerns or lack of exercise 

experience. Exercise continues to be beneficial even if it is not high-

intensity exercise, and many older adults are not aware of 

modifications that can be made to exercise to suit their physical 

abilities (Palmer, 2005). Environmental support can also help to 

promote physical activity in the older adult population; for example, 

adaptation of the environment of a community living center to allow 

for exercise or through the planning and development of walkable 

routes within communities (Kerr, Rosenberg, & Frank, 2012). 

Continued research is necessary to clarify the mechanism 

responsible for the effect of exercise on depressive symptoms and 

provide further validation that all varieties of exercise are effective for 

this purpose. Future research would also benefit from study of key 

elements of the exercise treatment such as location and format and 

duration and intensity of exercise needed to produce an antidepressant 

effect. 

Future studies should strive to reduce the risk of bias by 

detailing the method of randomization used, conducting power 

analyses for determination of sample size, using ITT analyses, using 

concealed allocation of group assignment, using blinded assessors, 

and reporting adherence rates. Evaluation of adherence should also 

take advantage of advancements in technology to incorporate the use 

of heart rate monitors, step counters, or other devices to ensure 

accurate recording of adherence. These methods of evaluation may 

provide additional data to supplement the current use of self-report or 

attendance-taking procedures. 

Conclusion 

The current meta-analysis is the first quantitative review of the impact 

of exercise on the treatment of depressive symptoms in older 

individuals with a variety of initial depressive symptom levels. The 

results of this study indicate that older individuals with depressive 

symptoms are likely to experience a reduction in symptoms through 

the use of exercise. All types of exercise are likely to provide a 

benefit and individuals of any age should be encouraged to participate 

in an exercise type that they find motivating and suitable for their 

fitness level. Individuals experiencing more significant symptoms of 

depression are likely to experience an even greater effect of exercise 

on reduction of symptoms through completion of an exercise program 

focused on improving depression. 
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Figure 1 — Funnel plot of standard error by standardized difference in means for evaluation of publication bias in included studies. 
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Figure 2[AUQ7] — Forest plot of standardized mean differences and 95% confidence intervals for all included studies. 
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Table 1 Characteristics of Included Studies 

Study[AUQ8] Mean 

Age 

% 

Female 

Depression 

Required 

Inclusion Diagnosis Intervention 

Type 

Control Type Outcome 

Measure 

Baker et al., 2007 76.6 63.2 No None A/S combo Wait-list GDS 

Bethany, 2005 83.14 92.9 No None Yoga Game-playing group BDI-II 

Blumenthal et al., 1991 67.05 50.5 No None Aerobic Wait-list CES-D 

Brenes et al., 2007 73.7 57.7 Yes Depression A/S combo Usual care GDS-15 

Burgener et al., 2008 77 47 No Dementia Tai Chi Wait-list GDS-15 

Chen et al., 2009 69.2 72.7 No None Yoga Wait-list TDQ 

Chou et al., 2004 72.6 50 Yes Depression Tai Chi Wait-list CES-D 

Ciechanowski et al., 2004 73 79 Yes Depression Aerobic Usual care HSCL-20 

Collier, 1997 70.35 57.5 No None Strength Wait-list GDS 

Emery & Gatz, 1990 72 83.3 No None A/S combo Social activity group and wait-list group CES-D 

Fransen et al., 2007 70.3 74.2 No Osteoarthritis Tai Chi Wait-list DASS 

Haboush et al., 2006 69.38 67 Yes Depression Aerobic Wait-list GDS 

Hirosaki et al., 2013 69 77 No None N/R Wait list GDS 

Kerse et al., 2010 81.1 58.5 Yes Depression A/S combo Social visits GDS-15 

Kohut et al., 2005 71.8 51.9 No None Aerobic Wait-list GDS 

Krishnamurthy & Telles, 2007 71.2 17.4 No None Yoga Wait-list GDS-15 

Kupecz, 2001 74 9.4 No None Aerobic Wait-list CES-D 

Lavretsky et al., 2011 70.5 61.6 Yes Depressed Tai Chi Health education group HDRS 

Li et al., 2001 73.2 76.5 No None Tai Chi Wait-list CES-D 

Lin et al., 2007 76.8 51 No Recent fall Strength Social visits, health education GDS-15 

Lincoln et al., 2011 67.1 64 No Type 2 diabetes Strength Wait-list GDS 

Maki et al., 2012 72 70.7 No High risk of mental decline Aerobic Educational lectures GDS 

McNeil et al., 1991 72.5 N/R Yes Depression Aerobic Wait-list BDI 

Oken et al., 2006 71.4 72.7 No None Yoga Wait-list CESD-10 

Parkinson, 2005 N/R N/R No None Strength Wait-list GDS 

Patel, 2004 72.7 53.8 Yes Depression Aerobic Wait-list GDS-15 

Resnick et al., 2008 73 81 No None A/S combo Nutrition course GDS-15 

Shahidi et al., 2011 66.56 100 Yes Depression Aerobic Wait-list GDS 

Shelor, 2006 N/R N/R Yes Depression Strength Wait-list GDS 

Sims et al., 2006 74.28 65.6 Yes Depression Strength Wait-list GDS 

Singh et al., 1997 71 62.5 Yes Depression Strength Health education program BDI 

Singh et al., 2005 69 52.5 Yes Depression Strength Usual care GDS 

Tapps, 2009 N/R N/R No None Strength Usual care BDI-II 

Tsang et al., 2003 74.6 48 No None Qigong Rehabilitation activities GDS 

Tsang et al., 2006 82.4 80.5 Yes Depression Qigong Newspaper reading group GDS 

Tse et al., 2013 76.5 94.3 No Musculoskeletal pain A/S combo Wait-list GDS-15 

Underwood et al., 2013 86.2 77 No None A/S combo Depression training for staff GDS-15 

Wang, 2009 74.9 88.9 No None Yoga Movie social group CES-D 

Williams & Tappen, 2008 87.9 89 Yes Alzheimer’s disease and 

depression 

A/S combo Conversation group CSDD 

Note. N/R = not reported; A/S combo = aerobic/strength combination; GDS = Geriatric Depression Scale; GDS-15 = Geriatric Depression Scale short form; BDI = Beck Depression Inventory; CES-D = Center for 

Epidemiological Studies Depression Scale; TDQ = Taiwanese Depression Questionnaire; HSCL-20 = Hopkins Symptom Checklist-20; DASS = Depression, Anxiety, and Stress Scale; HDRS = Hamilton 
Depression Rating Scale; CSDD = Cornell Scale for Depression in Dementia. 
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Table 2 Characteristics of Exercise Interventions for Included Studies 

Study[AUQ9] Duration Location Format Supervised Frequency 

Baker et al., 2007 10 weeks Retirement village gym Group Yes 3–4 hr per week over 3 days 

Bethany, 2005 6 weeks Elderly living center Group Yes 30 min sessions, 3× per week 

Blumenthal et al., 1991 16 weeks N/R Group Yes 60 min sessions, 3× per week 

Brenes et al., 2007 16 weeks Exercise facility Group Yes 60 min sessions, 3× per week 

Burgener et al., 2008 20 weeks Church Group Yes 60 min sessions, 3× per week 

Chen et al., 2009 24 weeks Senior activity center Group Yes 70 min sessions, 3× per week 

Chou et al,, 2004 12 weeks N/R Group Yes 45 min sessions, 3× per week 

Ciechanowski et al., 2004 19 weeks Participant home Individual No 30 min, 5× per week goal 

Collier, 1997 10 weeks Gym Group No 50 min sessions, 3× per week 

Emery & Gatz, 1990 12 weeks Community center Group Yes 60 min sessions, 3× per week 

Fransen et al., 2007 12 weeks Hospital Group Yes 60 min sessions, 2× per week 

Haboush et al., 2006 8 weeks N/R Individual Yes 45 min sessions, 1× per week 

Hirosaki et al., 2013 10 weeks N/R Group Yes 60 min sessions, 1× per week 

Kerse et al., 2010 24 weeks Participant home Individual No 30 min, 3× per week goal 

Kohut et al., 2005 40 weeks N/R Group Yes 30 min sessions, 3× per week 

Krishnamurthy & Telles, 2007 24 weeks Residential home Group Yes 75 min sessions, 6× per week 

Kupecz, 2001 12 weeks Outside Group Yes 45 min sessions, 3× per week 

Lavretsky et al., 2011 10 weeks N/R Group Yes 120 min sessions, 1× per week 

Li et al., 2001 24 weeks Senior center Group Yes 60 min sessions, 2× per week 

Lin et al., 2007 16 weeks Participant home Individual No 60 min, 3× per week goal 

Lincoln et al., 2011 16 weeks N/R Group Yes 45 min sessions, 3× per week 

Maki et al., 2012 12 weeks N/R Group Yes 30 min sessions, 1× per week 

McNeil et al., 1991 6 weeks Outside Individual Yes 20–40 min sessions, 3× per week 

Oken et al., 2006 24 weeks N/R Group Yes 90 min sessions, 1× per week 

Parkinson, 2005 3 weeks Restorative and assisted living center Group Yes 30 min sessions 

Patel, 2004 4 weeks Nursing home Group Yes 20 min sessions, 3× per week 

Resnick et al., 2008 12 weeks Senior center Group Yes 60 min sessions, 2× per week 

Rolland et al., 2007 144 weeks Nursing home Group Yes 60 min sessions, 2× per week 

Shahidi et al., 2011 10 sessions N/R Group Yes 30 min sessions 

Shelor, 2006 12 weeks N/R Group Yes 30 min sessions, 3× per week 

Sims et al., 2006 10 weeks Exercise facility N/R N/R N/R 

Singh et al., 1997 10 weeks N/R Group Yes 50 min sessions, 3× per week 

Singh et al., 2005 8 weeks Hospital gym Group Yes 60 min sessions, 3× per week 

Tapps, 2009 12 weeks Long-term care facility Group Yes N/R 

Tsang et al., 2003 12 weeks N/R Group Yes 60 min sessions, 2× per week 

Tsang et al., 2006 16 weeks N/R Group Yes 45 min sessions, 3× per week 

Tse et al., 2013 8 weeks Community centers Group Yes 45 min sessions, 1× per week 

Underwood et al., 2013 52 weeks Care home Group Yes 45 min sessions, 2× per week 

Wang, 2009 4 weeks Senior housing building Group Yes 60 min sessions, 2× per week 

Williams & Tappen, 2008 16 weeks Long-term care facility Individual Yes 30 min sessions, 5× per week 

Note. N/R = not reported. 
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