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A Meta-Analysis
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ABSTRACT
Objective: To quantify the association between physical exercise 
intervention (PEI) and reduction in depressive symptoms in older 
adults.

Data Sources: MEDLINE, PsycINFO, and EMBASE were searched 
from inception through December 2018 with no language 
restrictions using keywords related to exercise, depression, elderly 
adults, and randomized controlled trials.

Study Selection: Randomized controlled trials comparing a 
sedentary control group, with no physically active intervention, 
to a supervised, moderate-to-vigorous PEI with participants aged 
≥ 60 years and having a primary outcome of depressive symptoms 
were included.

Data Extraction: Data on pre- and post-intervention scores on 
scales measuring depressive symptoms were extracted using 
a standard form. Random-effects models were used to pool 
standardized mean differences (Hedges g) in depressive symptoms 
across studies.

Data Synthesis: Nine studies involving 1,308 participants were 
included; mean participant age was 82 years. Moderate-to-
vigorous PEI was associated with a medium effect size of 0.64 (95% 
CI, 0.27 to 1.01; z = 3.38; P < .001) in reducing depressive symptoms. 
However, there was considerable heterogeneity (T2 = 0.22, Q = 
36.34, P < .0001; I2 = 78.0%) in the effect of PEI across included 
studies. Age > 80 years, Mini-Mental State Examination (MMSE) 
score < 23, and no depressive symptoms at baseline contributed 
to heterogeneity. Fitness metrics and adherence to exercise were 
inconsistently reported, and 5 of 9 studies were deemed at high 
risk of bias.

Conclusions: A moderate reduction in depressive symptoms was 
seen with PEI among older adults. Nevertheless, more work is 
needed to support PEI for late-life depression in adults over age 80 
years or with MMSE scores < 23 suggestive of cognitive decline.
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Depression has a considerable societal toll: the World 
Health Organization estimated that 7.5% of years lived 

with disability are caused by depression.1 Depressive symptoms 
are manifest in 27% of the adult population, and although 
they do not follow a clear pattern across age groups, they are 
most common in adults aged 80 years or older.2 Nevertheless, 
although late-life depression (LLD; ie, depression in older 
adults) is widespread, it is often overlooked or inadequately 
treated.3 Current mainstream treatment options for LLD 
have important limitations. Although antidepressants 
are superior to placebo for the acute treatment phase, the 
response rate to these medications in individuals with LLD 
is lower than in younger-aged individuals, and relapse rate is 
higher.4 Individual psychotherapy (eg, one-on-one cognitive-
behavioral therapy) has also been shown to be effective for 
LLD but is costly and may not be readily accessible.5

Physical exercise intervention (PEI) is a promising 
treatment modality for LLD. It can help with physical 
comorbidities often seen in older age, with benefits extending 
to important domains of physical function such as the risk 
of falling and activities of daily living.6 However, although 
physical activity has been recommended for older adults 
since at least 2008,7 no decrease in LLD rates was noted over 
this period.8 Thus, assessing the strength of the evidence 
supporting PEI specifically for LLD and identifying possible 
knowledge gaps may better the care of LLD. We identified 
several meta-analyses9–15 that estimated the effect of 
psychosocial interventions on depression in older adults. A 
major limitation of all of these reviews is the inclusion of 
studies in which the intervention was mind-body exercise 
(eg, yoga, tai chi, qigong) or educational sessions (eg, on 
depression or diet)—all of which are of light absolute 
intensity—alongside studies of higher-intensity exercise 
interventions. Importantly, current recommendations 
for older adults are for at least 150 minutes per week of 
moderate- to vigorous-intensity aerobic activity.7 Therefore, 
the isolated effect of guideline-concordant PEI on depressive 
symptoms remains uncertain. Further, grouping several types 
of interventions limits the discussion on the role of specific 
components of PEI that define its dose, such as intensity, 
duration, frequency, and target population.

The key objectives of this systematic review and meta-
analysis were to synthesize the evidence from randomized 
controlled trials (RCTs) that assessed PEI to improve 
depressive symptoms in patients aged 60 years or older 
and to indicate possible gaps in the literature regarding this 
evidence.
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Clinical Points
■■ Evidence for the effect of exercise on depressive 

symptoms in older adults is scant and heterogeneous. This 
meta-analysis focused on trials with a specific exercise 
dose and assessed sources of heterogeneity.

■■ The meta-analysis confirms a moderate effect for this 
narrow dose definition of exercise. Nevertheless, age over 
80 years and cognitive impairment at baseline may reduce 
the effectiveness of exercise.

METHODS

Data Sources and Searches
This systematic review was conducted in accordance 

with the PRISMA guidelines.16 Details of the protocol 
were registered on PROSPERO (available at http://
www.crd.york.ac.uk/PROSPERO/display_record.
php?ID=CRD42018103292). Studies published through 
December 2018 were identified through EMBASE RCTs 
(1947–2018), PubMed MEDLINE (1946–2018), PubMed 
MEDLINE RCTs (1946–2018), and PsycINFO (1967–2018) 
using the Ovid search engine. There were no language 
restrictions. The search strategy was as follows: exercise OR 
cardio OR aerobic OR anaerobic OR resistance OR physical 
activity AND depression OR depressive disorder AND 
aged OR geriatrics OR older adult or elderly OR late life or 
gerontology OR old people OR older people AND randomized 
control trial OR controlled clinical trial OR randomized 
OR placebo OR drug therapy OR randomly OR trial OR 
groups and NOT animals/not humans. Supplementary 
searches within previous systematic reviews9,10,12,14,15,17 and 
references of included studies were conducted manually.

Study Selection and Inclusion Criteria
We included published clinical trials with randomized 

allocation to moderate-to-vigorous PEI and a nonactive 
control condition, ie, not participating in a physically 
active intervention. These studies were required to use a 
validated measure of depressive symptoms as the primary 
outcome,18 which had been assessed both at baseline 
and during the post-intervention period. Reduction 
of depressive symptoms with exercise was shown to be 
higher in studies whose primary outcome was depression 
compared with studies that assessed depressive symptoms 
as a secondary outcome.17 Patients in included studies had 
to either (1) be aged exclusively 60 years or older or (2) have 
a mean age of 65 years or older. For reliable reporting of 
adherence to protocol, the exercise intervention had to be 
supervised by study personnel such as an exercise trainer (as 
opposed to an “exercise prescription” without observation 
of patients performing exercise) and be of either aerobic 
(eg, running, jogging, cycling, swimming) or nonaerobic 
(eg, strength, core, resistance) exercise types. Resistance 
and balance training are part of the multicomponent 
exercise recommendation7 for older adults and were thus 

permitted. Requirements for the exercise intervention in 
included studies were modified from the American7 and 
World Health Organization (WHO)19 guidelines to meet 
clinical trials limitations. The following components 
were minimum requirements: (1) absolute intensity of 
moderate to vigorous, (2) frequency ≥ 2 sessions per week, 
(3) duration ≥ 20 minutes per session, and (4) an overall 
length of ≥ 8 weeks. Studies with a population with an 
important comorbid condition in all participants (eg, 
only patients with Alzheimer’s disease, cardiovascular 
disease, specific types of cancer), with an intervention 
that was neither aerobic nor anaerobic (eg, yoga, tai chi, 
qigong), with an unsupervised exercise intervention, or 
with an unclear dose of exercise were excluded. Three 
independent reviewers (S.K.-D., A.J.K.-D., S.P.) completed 
abstract screening. Full-text screening was performed by 2 
investigators (S.K.-D., A.J.K.-D.), and disagreements were 
resolved by consensus. Full-text studies were excluded due 
to wrong exercise intervention (type, frequency, or intensity 
not in accordance with our criteria modified from WHO 
recommendations; 3 studies), participants aged < 60 years 
(2 studies), and wrong primary outcome, ie, not depressive 
symptoms (8 studies). Figure 1 depicts the study selection 
process.

Data Extraction
Data from included studies were extracted into a standard 

form. We calculated mean age for study participants and 
noted place of residence (community or nursing home), 
sex, cognitive function using the Mini-Mental State 
Examination (MMSE),20 and the metric used to evaluate 
depressive symptoms. Finally, we calculated the proportion 
of study participants with depression at baseline, defined 
as a Geriatric Depression Scale (GDS)21 score ≥ 5 (on the 
15-item GDS [GDS-15]) or ≥ 10 (on the 30-item GDS 
[GDS-30]). Alternatively, a Beck Depression Inventory 
(BDI) score22 ≥ 14 or Hamilton Depression Rating Scale 
(HDRS)23 score ≥ 17 were used. These values represent at 
least minor depression. When these exact scores were not 
used as inclusion criteria for the study, we standardized the 
baseline scores and used z-score distribution to compute 
the percentage of subjects above the cutoff score. Missing 
information was sought from study investigators.

Risk-of-Bias Assessment
Two reviewers (S.K.-D., A.J.K.-D.) independently 

assessed each trial for risk of bias using 7 domains: random 
sequence allocation, allocation concealment, blinding of 
participants/personnel, blinding of assessors, incomplete 
outcome data, selective reporting, and other; analyses were 
done using Review Manager (RevMan) Version 5.3 (2014; 
The Nordic Cochrane Centre, The Cochrane Collaboration; 
Copenhagen, Denmark). Each domain was ranked as low, 
high, or unclear risk. Disagreements between reviewers 
were resolved by consensus. For the overall risk-of-bias 
judgment, we did not include the domain of participant 
blinding, which is unrealistic for PEI. If no other domain 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018103292
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018103292
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018103292
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was deemed high risk, the study was defined as low risk; 
conversely, high-risk studies had at least 1such domain.

Effect Size Calculation
To calculate the standardized mean differences (SMDs, 

expressed as the Hedges g) for each study, we subtracted 
the mean difference in the control group from the mean 
difference in the exercise group and divided the difference by 
the pooled standard deviation.24 Study-specific effect sizes 
were extracted through a uniform system. We used data on 
pre- and post-intervention depressive scores in the exercise 
and control groups only and assessed the between-group 
difference in mean scores. In the single study25 that had a 
pharmacotherapy group and a usual-care control group, we 
used data only from the latter. Two studies had 2 intervention 
groups: one had 2 aerobic groups whose effect sizes were 
pooled herein,26 while the other27 had aerobic (traditional 
walking) and meditation (Buddhism walking meditation) 
groups; we included only the aerobic group in our analyses 
because of lack of clarity about the added effect of mind-body 
interventions. The sample size used corresponded to the 
number of subjects with available scores in the experimental 
and control groups regardless of randomization. Participants 
without posttreatment depressive scores were not included 
in our analyses.

Data Synthesis and Analyses
DerSimonian and Laird random-effects models were 

used to aggregate study-specific SMDs and calculate a 
pooled point estimate with a corresponding 95% confidence 
interval (CI).28 The between-study variance was calculated 
with T2 using the formula

T2 = (Q–df)/C

in which Q is the Cochrane heterogeneity statistic (total 
variance expressed as χ2), df is degrees of freedom, and C 
is a scaling factor. The total proportion of variance due to 
heterogeneity was calculated using the I2 metric. Finally, 
to assess publication bias, we constructed a funnel plot and 
subjectively evaluated it for asymmetry. Due to the small 
number of studies, we refrained from empirical evaluations 
of asymmetry, which would have been underpowered.29 
We conducted 3 exploratory analyses to examine sources 
of heterogeneity to our pooled estimate. First, we stratified 
studies by mean age lower or higher than 80 years, which was 
akin to the weighted mean age for all participants. Second, 
we restricted the analysis to studies with participants with 
intact cognitive function. Thus, only studies that excluded 
participants with MMSE score < 23 or dementia were 
included. Last, we restricted our analysis to studies in which 

Figure 1. PRISMA Flow Diagram of Study Selection
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> 50% patients had depression at baseline. Analyses were 
done with RevMan 5.3.

RESULTS

Study Populations
Nine RCTs involving 1,308 study participants met study 

inclusion criteria (Figure 1). Table 1 details the study and 
participant characteristics of all included RCTs.25–27,30–35 
Eight studies25–27,30–33,35 were of modest sample size (24–121 
subjects) and included participants with mean ages from 67 
to 77 years, whereas the remaining study34 was larger and 
had participants with a mean age of 86 years; the weighted 
mean age for all included study participants was 82 years. 
We also noticed various levels of the participants’ cognitive 
function: 5 studies25,26,30,32,33 excluded participants with 
cognitive decline, while 327,31,35 provided partial or no 
information on this variable. The remaining study34 included 
nursing home residents with a mean MMSE20 score of 18.4, 
which is lower than the 5th percentile for community-
residing adults of similar age.36 Further, this score indicates 
that about 75% of study participants would not have been 
included in the studies with an inclusion criterion of MMSE 
score ≥ 23. Depressive symptoms were assessed using the 
GDS in 6 studies; the BDI was used in 2 studies, and the 
HDRS was used in the remaining study. Last, 7 studies had 
a preponderance of patients with at least minor depression at 
baseline, while 2 studies30,34 included a majority of patients 
with no depression.

Exercise Interventions
Table 2 lists the characteristics of the physical exercise 

interventions in included studies. Most of the studies used 
an aerobic or mixed aerobic and anaerobic intervention with 
a frequency of 2 to 4 sessions per week. Three studies27,30,31 
used an escalating duration per session, while a single study32 
used a resistance exercise intervention for which session 
duration was defined by repetitions. Mean intervention 
length was 20.1 ± 13.2 weeks, and only 1 study34 was longer 
than 24 weeks. Only 5 studies25–27,33,34 had baseline and 
post-intervention assessments of physical fitness. Four 
used the Short Physical Performance Battery (SPPB)37 or its 
components (eg, 6-minute walk distance, timed chair stand). 
Of these, 2 studies27,33 reported a significant improvement 
in some SPPB metrics and 125 reported no change, while the 
remaining study34 reported a strong trend toward reduced 
post-intervention physical fitness according to reduction in 
SPPB score. Another study26 used peak oxygen consumption 
and reported mild improvement with exercise. Last, 5 
studies25,27,30,31,35 reported no measure of adherence to the 
exercise intervention other than attrition. Four studies26,32–34 
had explicit session attendance rates. In 2 small studies with 
30 exercise sessions over 10 weeks, median participation was 
93%33 and > 63%,32 amounting to exercise frequencies of 3 
and 2 sessions per week, respectively. In another study,26 
there was a 70% attendance in 72 sessions. In contrast, a 
larger study34 with a 51-week exercise intervention reported 
a median participation of only 52% among study completers. 
This adherence amounts to a median frequency of 1 session 

Table 1. Study and Participant Characteristics of Included Studies
Study N Control Age, Mean, y Residence Sex MMSE Score, Meana Measure Depressionb

Antunes et al, 200430 46 Waiting list 67.0 NA Men ≥ 24 GDS-30 33.5
Belvederi Murri et al, 201526 121 Antidepressant 75.2 Community Mixed 26.9 HDRS 100.0
Brenes et al, 200725 37 Antidepressant; usual care 74.5 NA Mixed 28.8 GDS-15 73.6
Lok et al, 201731 80 Waiting list > 65.0 Nursing home Mixed NA BDI 80.0
Prakhinkit et al, 201427 45 Walking; sedentary 76.6 Community Women NA GDS-30 99.9
Sims et al, 200632 32 Educational sessions 74.3 Community Mixed No dementia GDS-30 100.0
Singh et al, 199733 32 Educational sessions 70.9 Community Mixed 28.5 BDI 99.5
Underwood et al, 201334 891 Educational sessions 86.5 Nursing home Mixed 18.4 GDS-15 48.9
Verrusio et al, 201435 24 Antidepressant 75.5 NA Mixed NA GDS-15 100.0
aMMSE administered at baseline or stated exclusion criteria for cognitive function.
bPercent with at least minor depression at baseline as assessed by a depressive symptom score.
Abbreviations: BDI = Beck Depression Inventory, GDS-15 = 15-item Geriatric Depression Scale, GDS-30 = 30-item GDS, HDRS = Hamilton Depression Rating 

Scale, MMSE = Mini-Mental State Examination, NA = not available.

Table 2. Exercise Intervention Characteristics for Included Studies
Study Type of Intervention Frequency/wk Session Length, min Intensity Intervention, wk
Antunes et al, 200430 Aerobic 3 20–60 NA 24
Belvederi Murri et al, 201526 Aerobic 3 60 Moderate-vigorous 24
Brenes et al, 200725 Both 3 60 NA 16
Lok et al, 201731 Aerobic 4 40–70 NA 10
Prakhinkit et al, 201427 Aerobic 3 20–30 Moderate 12
Sims et al, 200632 Resistance 3 By repetitions Moderate 10
Singh et al, 199733 Resistance 3 45 Moderate-vigorous 10
Underwood et al, 201334 Both 2 45 Moderate 51
Verrusio et al, 201435 Aerobic 2 60 Moderate 24
Abbreviation: NA = not available.
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per week among completers and possibly lower 
among participants with shorter follow-up.

Standardized Mean Differences,  
Heterogeneity, and Publication Bias

A forest plot of the distribution of SMDs is 
depicted in Figure 2. We used data from 435 and 
431 subjects in the exercise and control groups, 
respectively, which account for 73.9% of study 
participants; the remainder had no posttreatment 
scores and represent attrition, which varied 
across studies. Thus, we could include only 
participants with pre- and posttreatment scores 
in our summary results. Eight of 9 included 
studies reported an effect that was larger than 
zero, thus favoring the exercise intervention; the 
remaining study reported no effect. Moderate-
to-vigorous PEI was associated with a moderate 
effect size of 0.64 (95% CI, 0.27 to 1.01; z = 3.38; 
P < .001) in reducing depressive symptoms. 
There was considerable heterogeneity (T2 = 0.22, 
Q = 36.34, P < .0001; I2 = 78.0%) across included 
studies. Finally, a funnel plot (Figure 3) suggested 
missing studies in the bottom left side, which 
could be due to publication bias. However, given 
the small number of studies, other explanations 
(such as chance) cannot be ruled out.

Exploratory Analyses
The results of our exploratory analyses are 

presented in Supplementary Figures 1, 2, and 
3. For studies with a lower mean age (k = 8), 
the pooled effect was 0.74 (95% CI, 0.48 to 
1.01; z = 5.54; P < .0001) and heterogeneity was 
not statistically significant (T2 = 0.04, Q = 9.67, 
P = .21; I2 = 28.0%); the SMD for the study with 
a higher mean age was 0.00 (95% CI, −0.58 to 

0.58). Restricting to studies that reported the exclusion of subjects 
with dementia (k = 5) led to a pooled effect of 0.71 (95% CI, 0.31 to 
1.11; z = 3.46; P < .001) and nonsignificant heterogeneity (T2 = 0.10, 
Q = 7.99, P = .09; I2 = 49.9%). Finally, restricting to studies with a 
majority of patients with depression at baseline (k = 7) led to an effect 
size of 0.70 (95% CI, 0.40 to 0.99; z = 4.76; P < .0001) and nonsignificant 
heterogeneity (T2 = 0.04, Q = 8.57, P = .20; I2 = 30.0%).

Risk-of-Bias Assessment
Study-specific and domain-specific risk-of-bias assessments are 

presented in Supplementary Figures 4 and 5, respectively. Excepting 
blinding of participants (which was absent in all studies), 4 studies 
were deemed at low risk, whereas 5 were deemed at high risk of bias. 
Included studies had a median of 2 high-risk domains with a range of 1 

Exercise Control
Standardized Mean 

Difference Standardized Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Antunes et al, 200430 5.74 5.22 23 0.69 4.25 23 11.2% 1.04 (0.42 to 1.66)
Belvederi Murri et al, 201526 13.83 7.1196 79 8.7 6.809 42 13.8% 0.73 (0.34 to 1.11)
Brenes et al, 200725 2.5 3.4 14 1.6 2.6 12 9.5% 0.28 (−0.49 to 1.06)
Lok et al, 201731 5.67 7.03 40 2.16 4.92 40 13.1% 0.57 (0.13 to 1.02)
Prakhinkit et al, 201427 1.8 1.31 13 0.7 0.74 13 9.0% 1.00 (0.18 to 1.82)
Sims et al, 200632 0.41 4.49 13 0.22 3.9 14 9.7% 0.04 (−0.71 to 0.80)
Singh et al, 199733 11.5 6.13 17 4.6 2.96 15 9.4% 1.37 (0.59 to 2.15)
Underwood et al, 201334 0.1 3.25 224 0.1 3.25 260 15.7% 0.00 (−0.18 to 0.18)
Verrusio et al, 201435 3 2.27 12 0.4 2.19 12 8.6% 1.13 (0.25 to 2.00)

Total (95% Cl) 435 431 100.0% 0.64 (0.27 to 1.01)
Heterogeneity: T 2  = 0.22; χ2

8 = 36.34, P < .0001; I2 = 78%
 overall effect: z = 3.38 (P = .0007)             −4	 −2	 0	 2	 4

Favors Control 	 Favors Exercise

Figure 2. Forest Plot of Study-Specific and Overall Standardized Mean Differences in Depressive Symptoms Between Exercise 
Intervention and Nonactive Control Condition

Abbreviation: IV = inverse variance. 

Figure 3. Funnel Plot to Assess Publication Biasa

aThe pooled standardized mean difference (SMD) is depicted with a dashed line. Each 
study-specific SMD is depicted with a circle. The y-axis represents the standard error of 
the SMD.
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to 4. No domain was particularly concerning. However, this 
assessment is limited by the deposition of the experimental 
protocol a priori in a public domain in only 1 instance.34 
Thus, comparisons with prespecified outcome analysis were 
by and large not available.

DISCUSSION

This systematic review and meta-analysis consolidates 
previous work by revealing a moderate decrease in depressive 
symptoms among older adults enrolled in a supervised, 
moderate-to-vigorous PEI. Nevertheless, our study was 
among the first to indicate age > 80 years, cognitive decline 
(MMSE score < 23), and no depression at baseline as likely 
sources for the observed heterogeneity of this effect.

The considerable heterogeneity we observed is striking in 
the face of the restrictive approach we used to select RCTs 
with an adequate exercise intervention. As the T2 statistic 
indicates, between-study variance contributed substantially 
to this heterogeneity. Possible sources of heterogeneity 
include population attributes such as age, nursing home 
residence versus community living, independence in 
activities of daily living, baseline physical fitness, and 
cognitive function. While these attributes are presumably in 
considerable correlation, some may be more important than 
others as effect modifiers of physical exercise. The number 
of included studies alongside inconsistent reporting did not 
allow us to perform meta-regression to try to assess the effect 
modification of exercise on LLD in a continuous fashion. 
Instead, we used further restriction in exploratory analyses 
that revealed nonsignificant heterogeneity when only studies 
with participants under 80 years of age, intact cognition, and 
some depression at baseline were included. Of special note, 
in all of these analyses, the T2 (between-study heterogeneity) 
was much lower.

Cognitive decline is age related. It is thus biologically 
plausible that exercise is relatively less beneficial in 
reducing depressive symptoms in older adults if they have 
age-related cognitive decline. Physical exercise is thought 
to enhance adult hippocampal neurogenesis,38 a process 
that is dysregulated in depression.39 Physical exercise very 
likely strengthens adult hippocampal neurogenesis through 
increased angiogenesis.40 However, exercise-induced 
angiogenesis is negatively correlated with age.40 Thus, 
an important pathway of benefit with physical exercise is 
impaired with increasing age.

Attendance is an important marker of exercise adherence. 
However, exercise adherence was not uniformly reported in 
included RCTs and differed among those that did document 
it. Interestingly, adherence has been prospectively shown 
to be associated with improvement in physical fitness 
among participants in an exercise intervention.41 Thus, 
high adherence to exercise may be a prerequisite for the 
effectiveness of such an intervention in reducing depressive 
symptoms. We note that the observed dose of exercise (given 
specified adherence) did not meet the recommended dose of 
exercise in many instances.

Comparison With Previously Published Meta-Analyses
As noted previously, this meta-analysis (9 studies) had 

relatively narrow inclusion criteria with respect to PEI. 
The age cutoff used to define LLD is usually 65 years.42 
One systematic review (11 studies)11 focused on women 
aged 40 years or over and thus did not meet this definition. 
Another meta-analysis (18 studies)13 on older adults 
addressed the effect of yoga alone on depressive symptoms 
and is thus not comparable to ours. Another systematic 
review (11 studies)14 pooled data from studies of various 
non-pharmacologic interventions (eg, cognitive-behavioral 
therapy, light therapy, problem solving, exercise), did not 
restrict the review to RCTs, and included other empirical 
studies. Our approach for inclusion was restricted to studies 
with a clearly defined dose of physical exercise. One larger 
systematic review (41 studies)9 used a broad definition of 
intervention with any type of movement adopted from a 
previous meta-analysis10 and included studies with mind-
body interventions (eg, yoga, tai chi, meditation) and several 
unpublished studies. It is thus challenging to compare 
the authors’ finding that age > 75 years was not an effect 
moderator of exercise and depressive symptoms.9 Another 
moderately sized (19 studies) meta-analysis12 included 
studies with psychosocial experimental arms such as group 
support, skills training, and social interventions. Finally, 
a smaller meta-analysis (8 studies)15 used a definition of 
exercise that was akin to the one used herein but included 
studies with unsupervised interventions and studies whose 
populations had a major chronic disease (Alzheimer’s disease 
and stroke). Of importance, the authors found a significant 
effect for exercise on depressive symptoms only without a 
major comorbid condition, whereas no effect was observed 
in patients who had such a condition.15 Accordingly, we 
decided to exclude studies enrolling such patients from our 
meta-analysis.

We identified 3 prominent meta-analyses17,43,44 that 
estimated the effect of exercise and depressive symptoms 
without an age cutoff. While these meta-analyses did not 
address LLD per se, they reported effect sizes of rather similar 
magnitude to one another and to the one reported herein: 
one (39 studies)43 noted a pooled SMD of 0.62 (95% CI, 
0.42 to 0.81), another separate meta-analysis (33 studies)17 
reported 0.66 (95% CI, 0.48 to 0.83), and yet another (23 
studies)44 reported 0.68 (95% CI, 0.44 to 0.92). Interestingly, 
effect moderation by allocation concealment was reported.17 
In our study, allocation concealment was judged as present 
in only 2 included studies; it was unclear in 5 other studies 
and missing in 2.

We have not found previous analyses of preexisting 
cognitive impairment and the effect of exercise on depressive 
symptoms. Nonetheless, 2 prominent narrative reviews45,46 
about late-life depression stressed the importance of this 
comorbid condition and stated that more research is 
required to examine optimal therapy for depression with 
concomitant cognitive decline.

Depression severity at baseline was not found in a 
previous meta-analysis10 as an effect modifier of exercise 
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and depression. Authors did not discuss the difference 
in heterogeneity and removed studies with significant 
heterogeneity even from their primary analysis. Conversely, 
a meta-analysis not limited to LLD17 did report effect 
modification by baseline depression, at least in a univariate 
analysis. Thus, our finding that at least minor depression at 
baseline is associated with the heterogeneity of the effect size 
of PEI on depressive symptoms joins the current literature 
and strengthens the importance of addressing the severity of 
depression in future studies.

Limitations of This Meta-Analysis
While several criteria were used to exclude RCTs with an 

inadequate dose of exercise, included RCTs still had diverse 
methodology. The components of exercise dose—namely, 
type, duration, intensity, frequency, and length—varied 
among studies, as did adherence to assigned intervention. 
Also, the population in each study was not homogeneous 
in terms of cognitive and physical functioning. Because 
cognitive function and physical limitations could affect the 
ability to perform exercise, it might have been beneficial 
to assess effect modification with such variables using 
meta-regression analyses. Instead, we used stratification 
and restriction, as the number of included studies (ie, 
< 10) did not permit meta-regression.29 Former systematic 
reviews9,10,14,15,17,44 have included both randomized and 
non-randomized study designs with active and non-active 
control groups and with assorted types and doses of exercise 
interventions and mixed population characteristics; for 
example, including and pooling together various types 
and intensities of exercise interventions: low intensity 

as well as high intensity; aerobic and anaerobic types of 
exercise as well as yoga and tai chi; and populations with 
depression as well as without depressive symptoms. Power 
notwithstanding, our restrictive approach to study selection 
was meant to facilitate the interpretation of our findings 
as relates to older adults and the strength of evidence. The 
small number of studies and their corresponding modest 
sample sizes, however, may have introduced a bias in 
sampling error, especially given our use of the Hedges g 
as the point estimate.47 Nevertheless, our summary result 
falls in the range of previous meta-analyses.17,43,44 Thus, the 
small number of studies in our meta-analysis did not appear 
to cause a sampling error.

CONCLUSION

Physical exercise intervention was found to have a 
moderate effect on reducing LLD symptoms, consistent 
with the effect seen in younger individuals. Nevertheless, 
there is large heterogeneity among studies, probably owing 
to methodological differences. Given that age > 80 years, 
MMSE score < 23, and depression at baseline appeared to 
contribute to this heterogeneity, we suggest that more work 
is needed to optimize physical exercise interventions to the 
oldest old and to cognitively impaired individuals. Whether 
physical exercise could decrease depressive symptoms in 
subjects who do not fulfill criteria for minor depression 
awaits further confirmation. In all, a uniform exercise 
intervention is not likely to benefit all older adults with LLD, 
and tailoring physical exercise to specific subpopulations is 
probably required.
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