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Abstract
Background—The purpose of this study was to determine the associations between depression and
the likelihood of enrollment in a health plan–sponsored physical activity program and pattern of
program participation over 2 years; a secondary aim was to examine the association between
participation dose and depression risk. There are no published studies on how depression influences
participation in health plan–sponsored physical activity programs and how participation affects
depression risk in older adults in nonresearch settings.

Methods—This study used administrative data from a Medicare Advantage plan. Participants
(n=4766) were enrolled in the plan for at least 1 year prior to participating in the plan-sponsored
health club benefit (Silver Sneakers®). Controls were age- and gender-matched to participants
(n=9035). Members were identified as having depression based on ICD-9-CM codes. Multivariate
regression and generalized estimating equations models were used. Data were collected between
1998 and 2003 and analyzed in 2008.

Results—Members who had a history of depression were as likely to participate in Silver Sneakers
as nondepressed members (OR: 1.03; 95%CI=0.89, 1.20; p=0.67). The risk of lapse in Silver
Sneakers attendance was 28%–55% (p<0.05) higher for depressed participants during months 15–
24. For nondepressed Silver Sneakers participants, attendance of at least 2 visits/week during Year
1 was significantly associated with lower risk of depression in Year 2 (OR=0.54; 95%CI= 0.37, 0.79;
p=0.002); a similar but statistically nonsignificant association was observed for previously depressed
participants (OR=0.51; 95%CI=0.26, 1.02; p=0.06).

Conclusions—While depressed older adults are as likely to enroll in a health plan–sponsored
physical activity as nondepressed members, they were at higher risk of attendance lapses. Greater
participation in the physical activity program was associated with lower depression risk.
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Background
Despite the many health benefits of physical activity,1–4 approximately 25% of U.S. adults
aged 65 and older engage in less than 10 minutes of moderate- or vigorous-intensity activities
a week.5 A number of studies have identified multiple barriers to physical activity adoption
and maintenance including perceived poor health, lack of time, lack of social support, limited
access to enjoyable physical activity programs, and negative affect or depression.6–8
Depression, which is the focus of this paper, affects between 5% and 10% of older adults seen
in primary care and is associated with decreased adherence to self-management behaviors such
as exercise, diet, and medication adherence.9, 10

The relationship between physical activity and depression is especially complex in older adults
since the influence may be in either direction. Depression can decrease motivation to engage
in physical activity, but low physical activity can also lead to the development of chronic
conditions that are associated with depression. Although the mechanisms and causal direction
are unknown, numerous pathways have been hypothesized, such as increased biosynthesis of
monoamines, catecholamines, and endorphins and improved brain blood flow and plasticity.
11 Psychosocial mechanisms include enhanced self-efficacy and self-esteem or that physical
activity may serve as a buffer against stressful events, and serves to reduce social isolation.

Multiple longitudinal studies of nondepressed adult and older adult community samples that
adjusted for pre-existing physical and health problems reported an inverse relationship between
physical activity and depressive symptoms.12–20 These findings suggest that the risk of
depression may be modifiable with changes in exercise habits. Brown et al.12 showed not only
a dose–response relationship between physical activity and depressive symptoms in middle
age women, but also that moderate-intensity physical activity below the currently
recommended guidelines (60–150 minutes per week) could significantly lower the risk of
depressive symptoms by 20%. Experimental studies of physical activity with relatively healthy
older adults also showed improvements in emotional well-being.21–23 Evidence from
controlled studies on carefully selected depressed adults and older adults suggest that exercise
training improves depressive symptoms in the short term.23–29

Prompted by the promise of health benefits with physical activity, many organizations,
including health plans, have in recent years expanded their prevention benefits to include
formal physical activity programs. Because such benefits can be costly to finance, decision
makers need information on who actually use these benefits, barriers associated with use, and
what pattern of use results in improved outcomes at the population level. There are no published
studies on how depression influences participation in health plan–sponsored physical activity
programs and how participation affects depression risk in older adults in nonresearch settings.

Therefore, the research questions were:

1. Are depressed older adult Medicare Advantage plan members compared to
nondepressed members less likely to enroll in a voluntary health plan–sponsored
physical activity program (Silver Sneakers®)?

2. Are the patterns of Silver Sneakers program participation different between depressed
and nondepressed Silver Sneakers participants over a 2-year period?

3. What is the association between Silver Sneakers participation in Year 1 and
depression risk in Year 2 for members who were either depressed or not depressed
before enrolling in the Silver Sneakers program?

The hypotheses were that (1) members with a history of depression are less likely to enroll in
Silver Sneakers compared to members with no history of depression; (2) depressed Silver
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Sneakers participants are more likely to have participation lapses, defined as no visits made to
a Silver Sneakers fitness facility in any given month; and (3) higher attendance at the Silver
Sneakers program is associated with a lower risk of recurrent or incident depression among
previously depressed and nondepressed members, respectively.

Methods
Study Design

A case–control design was used to answer the first research question with depression as the
exposure variable and participation in the Silver Sneakers program as the outcome. A
retrospective cohort design was used to answer the second and third questions with pre-existing
depression as the exposure and Silver Sneakers participation as the outcome, and Silver
Sneakers participation as the exposure and subsequent depression as the outcome, respectively.
Automated administrative and claims data were used from Group Health Cooperative (GHC),
a consumer-governed, mixed-model HMO with over 500,000 members. GHC members reflect
the demographic composition of Seattle and western Washington, which is predominantly
Caucasian (88%) with 6% Asian Americans, 4% African Americans, and 3% Latino and other
minorities.10 The IRBs at the University of Washington and GHC approved the study protocol.

Study Subjects
A total of 8269 members aged ≥65 who enrolled in the GHC Medicare Advantage plan and
were continuously enrolled at GHC for at least 1 year prior to the date of joining the program,
and participated in Silver Sneakers between January 1, 1998 and December 31, 2003 were
studied. Up to three age- and gender-matched GHC Medicare Advantage enrollees (n=21,377)
who never used the program served as controls for each Silver Sneakers participant.
Participants and their matched controls were each assigned an index date representing the
month that the participant first visited Silver Sneakers to create similar pre-exposure and
follow-up time periods.

Members who had long-term care costs at baseline that would have made it impossible for
them to participate in Silver Sneakers (n=1288), had less than 2 years of continuous enrollment
after their index date (n=11,033), or were an unmatched Silver Sneakers participant or control
(n=3524) were excluded, leaving 4766 Silver Sneakers participants and 9035 matched controls
for analysis (Figure 1).

Measures
Depression—Members were identified as depressed based on diagnostic codes obtained
from outpatient visit problem lists for major depression, dysthymic disorder, or depression not
otherwise specified (ICD-9-CM: 296.2, 296.3, 300.4, 311) in the 12 months preceding the
index date of Silver Sneakers enrollment and over the 2 years after the index enrollment date.

Silver Sneakers participation—The Silver Sneakers program provided older adult GHC
Medicare Advantage members access to local fitness facilities in an unstructured format.
Participants had access to conditioning classes designed for older adults, exercise equipment,
pool, sauna, and other amenities that varied across facilities; visits to these facilities do not
necessarily equate with actual exercise. A subcontractor administered the program and
interfaced with the fitness facilities. Members learned about the Silver Sneakers program from
targeted mailings, a benefits website, or through their health providers during routine
preventive visits. The total number of fitness facility visits per month was provided to GHC
by the Silver Sneakers program subcontractor. Some Silver Sneakers participants registered
>30 visits/month, which could be due to multiple visits in one day or errors in data collection;
the maximum number of visits in any particular month was capped at 30 visits. Since Silver
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Sneakers is a voluntary program with no attendance requirements relevant to calculation of
adherence, the term, “attendance lapse” defined a lapse as no visit to a Silver Sneakers fitness
facility in a given month was used for Aim Two.30,31 For the third aim, Silver Sneakers
participants were classified according to two schemes, by the public health frequency dose
(PHFD) recommendation of 5 visits per week32, 33 and by total visit quartiles.

Covariates—RxRisk, a validated measure of chronic disease burden and comorbidity 34,
35 was included as a covariate since it could be associated with depression and participation
in physical activity. RxRisk was calculated for each member based on age, gender, and
pharmacy utilization data for a 6-month period prior to the index date.36 Since individuals who
are prevention focused might be more likely enroll in Silver Sneakers, a preventive services
index was created to adjust for this potential selection bias for the first aim. The index was
derived from the sum of the number of times a participant received colon cancer screening
(fecal occult blood test or flexible sigmoidoscopy); a screening mammogram; prostate cancer
screening; an influenza vaccine; or a pneumococcal vaccine during the 2 years preceding the
index date.37 Also, since depressed individuals are likely to use more health services38 and
therefore avail themselves to more opportunities for physical activity advice from health
providers, the total number of primary care visits in the year prior to the index date, derived
from claims data, was included as a covariate for the first aim. Distance, previously shown to
be related to Silver Sneakers enrollment and participation, was included as a covariate for the
first and second aims.39 The home addresses and fitness facilities were geocoded (MapMarker
v 9.3) and the direct distance in km between the two points was calculated.39

Data Analysis
Chi square and unpaired t-tests were used to compare baseline sample characteristics. Logistic
regression models were used to predict initial enrollment in Silver Sneakers according to
baseline depression status. Covariates included age, gender, RxRisk, preventive services index,
distance, and number of primary care visits. To capture the “recycling” pattern that is
characteristic of exercise behavior and to account for the correlated outcome, generalized
estimating equations with an exchangeable correlation structure were used to compare the
repeated binary outcome of attendance lapse every month for 2 years between depressed and
nondepressed Silver Sneakers participants. Time to the first Silver Sneakers attendance lapse
(first month in which no visits were made to the fitness facility) was analyzed by means of a
log-rank test. Cox proportional hazards regression models were also used to account for
baseline covariates described above. Logistic regression models, adjusted for age, gender, and
RxRisk, were used to determine risk of depression in Year 2 following 1 year of Silver Sneakers
participation based on the PHFD threshold and Silver Sneakers visit quartiles. Nondepressed
and depressed participants were analyzed separately to capture the risk of incident and recurrent
depression, respectively. All statistical procedures were performed in 2008 with Stata 9.0.

Results
Silver Sneakers participants and controls who were included in this study (n=13,801) were
slightly younger, more often women, had lower RxRisk, and had a higher preventive services
index compared to members who were excluded (n=15,845). Compared to matched controls,
Silver Sneakers participants were slightly older, more often men, had a lower chronic disease
burden, and used more preventive services (Table 1).

Association Between Depression and Enrollment in the Silver Sneakers Program
There were similar proportions of Silver Sneakers participants (6.8%) and controls (6.5%) with
a diagnosis of depression at any time in the 12 months preceding the index start date. Depression
in the 12 months preceding the Silver Sneakers index start date was not significantly associated
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with Silver Sneakers enrollment in both unadjusted (OR=1.06; 95%CI=0.92, 1.22; p=0.43)
and adjusted models (OR=1.03; 95%CI=0.89, 1.20; p=0.67).

Association Between Depression and Time Course of Silver Sneakers Participation
Depressed participants consistently made fewer visits per month compared to nondepressed
participants (range= − 0.64 to −1.5 visits). The risk of participation lapse for any month over
the 2 years, adjusting for lapses in other months, was significantly higher for depressed
participants starting at the 15th month and extending through the 24th month (relative risk
[RR]= 1.28, 1.55; p<0.05) (Figure 2). The overall risk of participation lapse was 19% (hazard
ratio=1.19; 95%CI=1.04, 1.37; p=0.01) higher in members who were depressed at baseline
compared to nondepressed members in the model that adjusted for age, gender, distance, and
RxRisk.

Association Between Silver Sneakers Participation and Depression Risk
Only 151 (3%) of the nondepressed and 4 (1%) depressed Silver Sneakers participants met the
recommended PHFD threshold of 5 visits/week (Table 2). For nondepressed Silver Sneakers
participants, meeting this threshold was not associated with lower risks for depression in Year
2. However, when comparing visit quartiles, those who made between 121 and 365 total visits
over the year, which translates to at least 2 visits per week had a 46% reduction in depression
risk in Year 2 (OR=0.54; 95%CI =0.37, 0.79; p=0.002). Similar to the nondepressed
participants, the highest visit quartile was significantly associated with lower depression risk
in the unadjusted model but was no longer significant in the adjusted model (OR=0.51; 95%
CI=0.26, 1.02; p=0.06) in the depressed participants (Table 3).

Discussion
The main findings from this study were that: (1) older depressed members of a Medicare HMO
were about equally likely to enroll in a health plan–sponsored physical activity benefit as
nondepressed members; (2) depressed Silver Sneakers participants were at greater risk for lapse
in program attendance over 2 years compared to nondepressed Silver Sneakers participants;
and (3) greater participation in the Silver Sneakers program in the first year was associated
with lower depression risk in Year 2 for all participants, although this association was
significant only for those without previous depression.

Physical inactivity and depression separately and combined place a considerable economic
burden on the healthcare system and society.40–42 This is the first study to examine the
association between depression and participation in a health plan–sponsored physical activity
program in a large cohort of older adults over an extended period of time.

These notable strengths are not without limitations. First, ICD-9-CM diagnostic codes were
used to identify members with depression and no pharmacy records were available from the
data set, separate from RxRisk, to account for antidepressant use or to cross-validate with the
diagnostic codes. Therefore, members who had depression (with or without treatment) but did
not receive an ICD-9-CM depression diagnosis during the observation period may have been
misclassified as nondepressed. Thus, the study may have included more severely depressed
older adults in the group of depressed participants. Nonetheless, the point prevalence for
depression in this sample across all 3 years was comparable to estimates from other population-
based studies.43 Second, visits to the Silver Sneakers program were used as a proxy for physical
activity and there were no information on the exact dose of exercise that members engaged in
at the fitness facilities, the “density” of these visits for any particular month, or physical activity
that members engaged in outside of the Silver Sneakers program. Third, no data were available
on physiological, psychological, or functional measures that might help explain the relationship
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between depression and physical activity. Finally, although the study was conducted in a large
health plan, generalizing these findings to other populations could be limited since GHC
members tend to be largely Caucasian and well-educated and those who were included in the
study tended to be healthier compared to excluded members.

While contrary to the study hypothesis, the finding that depressed members were as likely to
enroll in the Silver Sneakers program as nondepressed members provides some assurance to
health plans that uptake of such benefits are comparable across these subpopulations. Public
health messages about the influence of physical activity on emotional health in recent years
may have increased awareness and prompted depressed members to enroll in physical activity
programs. A recent survey showed that adults with a history of clinical depression rated
exercise a superior strategy for the management of depression compared to antidepressants and
psychotherapy.44 More positive attitudes about exercise, expectations of response, and limited
adverse effects are all potential reasons for why older depressed adults in this HMO were
equally likely to enroll in the physical activity program as nondepressed members.

Although depressed members were as likely to enroll in the Silver Sneakers program, they
consistently made fewer visits to the fitness facilities and had a greater risk of attendance lapse
compared to nondepressed Silver Sneakers participants. Previous studies showed that
depressed patients have a seven to nine times greater odds of drop-out from short-term
rehabilitation programs.45,46 Adherence is also suboptimal.24,26 The Silver Sneakers
program may not be the most ideal format for depressed older adults since it includes mostly
unsupervised exercise at a fitness facility. Behavioral changes to remain physically active
require motivation, confidence, and sustained effort. While exercise may be an effective
primary or adjunctive treatment for depression, the benefits will not be realized without
ongoing behavioral support for physical activity maintenance.47 The study of physical activity
patterns over time in older adults is an area that requires further work including longitudinal
modeling of multiple individual, interpersonal, socio-environmental, and exercise-specific
variables; understanding how depression interacts with these variables will be essential for
developing more cost effective, patient-centered supportive physical activity intervention
schemes.

The results of the third exploratory aim that examined the association between participation
and risk of receiving a depression diagnosis a year later are partially consistent with published
literature. A key limitation of the analyses was the reliance on Silver Sneakers program
attendance records as a measure of physical activity. Thus, many Silver Sneakers participants
could have been misclassified as not meeting the public health exercise frequency “dose”
threshold when they may have if their physical activity outside of the Silver Sneakers program
had been counted. The model based on quartiles of Silver Sneakers visits suggests that for
nondepressed Silver Sneakers participants, as few as two visits per week to the Silver Sneakers
program may translate to lower risk of incident depression if the association is truly causal.
The estimate of effects for the depressed participants was limited by the smaller sample size.
Some studies showed that fitness was associated with reduction of symptoms while others
demonstrated reduction in symptoms without increased fitness. Blumenthal et al.24 showed
that greater attendance and higher exercise intensity were related to improvements in aerobic
capacity and that change in aerobic capacity was related to reductions in depressive symptoms
in older adults. Three months of aerobic exercise performed in an exercise laboratory at a
cumulative caloric dose consistent with public health physical activity recommendations49
was more effective in reducing depressive symptoms and inducing remission compared to a
lower total dose of exercise in young adults with major depression.29 The frequency of exercise
sessions (3 vs 5 times/week) was not associated with depression response.29 Positive social
support gained from exercising in group settings may mediate the relationship between visit
dose and improvement in depressive symptoms. Frequent attendance is associated with social
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support and the more one attends, the more therapeutic benefit may be received.50
Interestingly, a recent study showed comparable improvements in depression with both home
and group-based exercise.26

Conclusion
While depressed older adults were as likely to enroll in a health plan–sponsored physical
activity program as nondepressed members, once enrolled, they had a significantly higher risk
of attendance lapses over 2 years. Based on Silver Sneakers program attendance records, only
3% of all Silver Sneakers participants actually met the public health exercise dose
recommendation of 5 times per week. Greater participation in the physical activity program
was associated with lower depression risk, but significantly so only in participants without a
history of depression.
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Figure 1.
Participant flow diagram
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Figure 2.
Risk of lapse in Silver Sneakers program attendance over 2 years by baseline depression status
(nondepressed: n=4319; depressed: n=326) adjusted for age, gender, RxRisk, and distance to
the nearest Silver Sneakers fitness facility. Missing Year 2 attendance for nodepressed Silver
Sneakers participants (n=121).
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Table 1
Sample characteristics

Controls
(n=9035)

Silver Sneakers
participants

(n=4766)

Total included
(n=13,801)

Excluded
(n=15,845)

Demographics
 Age, mean (SD), years 72 ± 5 73 ± 5 72 ± 5 73 ± 6**
 Gender (% female) 5987 (66) 3012 (63)* 8999 (65) 8791 (55)**

Comorbiditiesa
 RxRisk 2557 ± 1676) 2416 ± 1443* 2508 ± 1600 2719 ± 2490**
 Arthritis 1364 (15) 961 (20)* 2325 (17) 2516 (16)**
 Coronary artery disease (CAD) 1087 (12) 593 (12) 1680 (12) 2195 (14)**
 Heart registry 1681 (19) 917 (19) 2598 (19) 3295 (21)**
 Congestive heart failure (CHF) 412 (5) 145 (3)* 557 (4) 1245 (8)**
 Hypertension (HTN) 2233 (25) 1129 (24) 3362 (24) 4508 (28)**
 Diabetes 1427 (16) 620 (13)* 2047 (15) 2536 (16)**

Preventive services indexb 1.8 ± 1.7 2.4 ± 1.8* 2.0 ± 1.7 1.6 ± 1.7**

Distance to fitness facility (km)c 4.0 ± 3.5 4.4 ± 6.0* 4.1 ± 4.5 4.1 ± 4.0

Values are means ± SD or n (%) unless otherwise stated

a
RxRisk is expressed as predicted 6-month costs. Higher costs represent higher comorbidity; co-morbid conditions (arthritis, CAD, CHF, HTN, and

diabetes) were derived from problem lists for outpatient visits.

b
Preventive services index is the total number of preventive services that an individual used in the 2 years preceding the index date (colon cancer screening

[fecal occult blood test or flexible sigmoidoscopy]; a screening mammogram; prostate cancer screening; an influenza vaccine; or a pneumococcal vaccine
[range 0–8]).

c
Distance to fitness facility for controls was calculated from control’s home address to the nearest possible fitness facility.

*
p<0.001, controls vs Silver Sneakers participants;

**
p<0.05 included members versus excluded members; long-term care costs at baseline; <2years of continuous enrollment in health plan or unmatched

controls or participants
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