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Chapter 1: Introduction

Depression is one of the most common mental disorders in America, affecting an
estimated 19 million adults and costing upwards of $44 billion in medical care and lost
work time (Johnson, 2003). According to rgnostic and Statistical Manual of
Mental Disorder{DSM) (as cited in Brosse, Sheets, Lett, & Blumenthal, 2002), a person
with clinical depression shows either a depressed mood or a loss of interessareplea
(known as anhedonia) for at least two weeks. Other symptoms include changes in
weight, appetite, or sleep patterns, feeling “slowed down” or restleggieateelings of
guilt or worthlessness, an inability to concentrate, and recurring thoofgtiésth or
suicide. These symptoms cannot be the result of a physical illness or medicati@m nor c
they be a response to substance abuse or bereavement. In addition, these symgitoms m
considerably impair the individual’s functioning on a daily basis. Fortunately,dhere
many ways of reducing the symptoms of depression. While psychotherapy and
antidepressant medication are the most common treatment modalities, teematiak
treatments are available.

Exercise, widely known for its benefits to physical health, has also been studied
for its benefits to mental health. Epidemiological studies have shown thatsexsrci
inversely associated with depression (Kritz-Silverstein, Barrett-Co&nGorbeau,

2001; see also Strawbridge, Deleger, Roberts, & Kaplan, 2002) using crosasecti

data. While a statistical association is necessary to infer a cdasahship, statistical
association alone is not sufficient to conclude that exercise reducessiagriesnay be
that depression reduces exercise and physical activity. Some studied8tya et al.,

2002), but not all (Kritz-Silverstein et al., 2001) have demonstrated that exsrcise i



associated with a reduced risk of future depression using prospective designs.thikting
temporal sequence, numerous exercise intervention studies have examined the role of
exercise in reducing depressive symptoms, both in clinical (BlumenthalaBaldpore,
Craighead, Herman, Khatri, et al., 1999; see also Babyak, Blumenthal, Herinaan, K
Doraiswamy, Moore, et al.. 2000 and Dunn, Trivedi, Kampert, Clark, & Chambliss 2005)
and nonclinical populations (Hassmen, Koivula, & Uutela, 2000). By default, these
interventions assume that exercise is the cause of reduced depression.efBtsitgliof
depression levels with exercise gives further evidence towards a relasahship

where exercise reduces depression. In fact, exercise interventioncgalghaiients

showed exercise to be as effective as a common antidepressant (Blureeathdl999),

and may even be superior to antidepressants with respect to long-term (B&psk et

al., 2000). While older studies merely compared exercise to a standard treatoment, m
recent investigations have additionally included a placebo group for bettpagsom
(Blumenthal, Babyak, Doraiswamy, Watkins, Hoffman, Barbour, et al., 2007). In
addition, the potential dose-response relationship between exercise and depr&ssi
begun to be examined. One group of researchers examined this potential plosseres
relationship with an intervention in a clinical population (Dunn et al., 2005). Those who
received the largest dose of exercise, approximately 30 minutes of moderasgy

aerobic activity on most days, experienced more relief from depressmesys than

those who performed less aerobic activity or stretched. The group receiviegdesse

did not differ from the stretching placebo group when depression was measured at
follow-up. This potential dose-response relationship gives more evidence for b causa

relationship where exercise reduces depression.



However, it may be the case that the presence of depressive symptoms is
incompatible with beginning or maintaining habitual exercise. It should be matetthe
intervention studies mentioned previously used a self-selected population of clinical
patients, which may not be representative of the all individuals with depressimhesSt
measuring physical activity as an outcome have noted that depressiarciatadswith
physical inactivity. This relationship was noted for several age groups, imglaldier
adults (Kaplan, Newsom, McFarland, & Lu, 2001) and adolescents (Sallis, Prochaska, &
Taylor, 2000). This is not surprising, given that the symptoms of depression include
fatigue and feeling slowed down. Exercise requires a certain amount of andrgy
motivation to get started, and many depressed patients lack these qualiteetheure t
illness. It is possible that people with depression may not feel worthy of thigbehe
exercise. If a previously active person becomes depressed, he oryshet rirad the
same amounts of pleasure in the activity, and may drop out of exercise altogether

However, the notion that depression reduces physical activity remainslg large
untested possibility in the existing literature. Prospective epidenmalagudies linking
depression and exercise have typically excluded depressed subjects fowrufoll
analysis (Strawbridge et al., 2002; see also Kritz-Silverstein, &@08l1). Additionally,
because depressive symptoms are attributed to subjects and cannot be eiqisrime
manipulated, this idea cannot be examined in an experiment. Consequently, it has not
received as much support in the literature, although many interventions note the
difficulties in patient adherence to the exercise program. One studydietaiine this
causal role of depression in a sample of cardiac patients found that depression during

hospitalization predicted physical activity one year later (Allan, Johndbhnston, &



Mant, 2007). Furthermore, even subclinical levels of depression were assodiated w
reduced physical activity, suggesting that even minor depressive symptonmshrbdy
exercise behavior.

A third possibility is that there may be a reciprocal relationship betexsncise
and depression. One intervention follow-up noted that subjects who began an exercise
program, regardless of original treatment group, felt less depressed whertezbsita
months after the intervention ended (Babyak et al., 2000). This same group of
researchers also noted that subjects who dropped out of the study tended to be more
depressed initially. In this case, feeling less depressed increasednbeschf a person
continuing or adopting an exercise program, which decreased the odds of a depressive
relapse. Conversely, severe depression may prevent one from successfulhgaaopti
exercise program.

To date, many studies have examined the nature of the relationship between
depression and exercise. However, few studies have done so in a way that dilews eit
variable to cause the other. Most studies have examined exercise as agczsisaef
reductions in depression, but others have used depression to predict exercise habits
Although experiments often test whether exercise plays a causal rethiting
depressive symptoms, they cannot test for reverse causation. While a egciproc
relationship between these two variables cannot be excluded, this study selekeds a
the following research question: What is the predominant causal relationshigtetwe

exercise and depression?



Chapter 2: Literature Review

Statistical Association Between Depression and Exercise

Several large epidemiological studies have noted a statistical éisspbetween
mental health and exercise. A statistical association is necessary, bufficant by
itself, to infer causal relationships. While cross sectional studies areailevide one
type of evidence towards causation, cross sectional studies by themselnssféicgeint
to infer causality. Several of these cross sectional studies have exangnaseesx
relation to overall mental health, both its positive and negative aspects. The ones
included here specifically look at depression as one of many negative matital he
outcomes. One of these studies examined the association between exeuseire
and a host of mental and emotional outcomes, including depressive symptoms, using a
general population (Hassmen, Koivula, & Uutela 2000). Exercise was opergtionall
defined as the response to “How often do you exercise physically in your sparferti
at least 20-30 minutes to the extent that you at least slightly lose yotir anea
perspire?” Six response categories indicated the frequency of exetoisirag extent,
ranging from “daily” to “cannot perform exercise.” Depression was aredausing the
Beck Depression Inventory (BDI). Results showed that the more physictihg
participants experienced less depression and other negative mental health guicomes
as anger and perceived stress, when compared to those who exercised les$/fréquent
addition, subjects who exercised frequently experienced more positive imeaitél

outcomes, such as a sense of coherence and stronger social integration, than those who



were less active. This gives evidence towards an inverse associatieeretwercise

and negative mental health outcomes such as depression. The main limitation to this
study is that self reports were the sole method of assessing exactiseiatal health
outcomes. There is also the possibility that confounding variables explain the
association, as there may be something fundamentally different about those wiszexe
versus those who do not. This is a likely scenario, as social factors such as
socioeconomic status and satisfaction with marital status may playia bath exercise
behavior and the development of depressive symptoms.

While the previous study was conducted in Finland, the relationship between
physical activity and mental health has also been studied in the United(Stabelsvin,
2003). However, rather than examining mental both the positive and negative aspects of
mental health, as Hassmen and colleagues did, Goodwin looked at diagnosable mental
disorders in relation to regular physical activity. Additionally, the imp&apbtential
confounders such as physical health problems and demographic characteaistics w
statistically controlled. Exercise behavior was operationally defindieagsponse to
“How often do you get physical exercise- either on your job or in a reamabactivity?”
While five response categories were originally used, these wererlatgreg into
dichotomous categories, where regular exercisers were compahndtiegé in all other
categories. Psychiatric diagnoses were obtained from a modified versian\Wwbtld
Health Organization Composite International Diagnostic Interview, whialstructured
interview for trained non-clinician professionals. The major categoriesmtiine
disorders examined include anxiety disorders, mood disorders, and substance

dependence. After statistically adjusting for socioeconomic stattisepetted physical



illnesses, and comorbid mental disorders, regular physical activityigracaintly
associated with a reduced likelihood of having major depression, agoraphobia, social
phobia, specific phobias, and panic attacks. Similar to the findings of Hassmen et al.
(2000), a negative association between exercise and adverse mental health putcomes
specifically depression, was demonstrated. However, it must be noted thag#tigene
association was noted for major depression and several anxiety disorders, but not for
bipolar disorder or substance dependence. Goodwin (2003) gives several explanations
for the findings, but notes that the issue of causality cannot be resolved due to the cross
sectional nature of the study. While exercise may reduce depression andesttadr m
health symptoms, the notion that depression is a barrier to physical activity lsould a
explain the association. The main limitation of the study was the lack ofiagorec
definition of regular exercise. The actual frequency of “regular’ eseeroay vary

widely within subjects, and the type of exercise was not specified. Also, thetiaipa
existing fitness could not be examined because it was not measured.

Although Goodwin (2003) did not measure fitness, other studies have used fitness
in conjunction with measures of exercise behavior when examining mental health
outcomes. As part of a larger, ongoing epidemiological study, approxincdtely
subjects underwent maximal aerobic testing, in addition to wearing awoekers and
completing a self-reported physical activity index (Galper, TrivediloBarDunn, &

Campert, 2006). From these measures, subjects were classified into three gredips bas
on aerobic capacity (low, moderate, and highly fit), and four groups based on tlmbhysi
activity index (inactive, insufficiently active, sufficiently activedahighly active). For

both cardiovascular fitness and exercise behavior, there was an inversedyrsele



response relationship with depression, as measured by the Center for Epidealiologic
Studies Scale for Depression (CES-D). In addition, subjects in the lowess fithe
category had significantly more symptoms of depression than those in more fit
categories. Interestingly, there seemed to be a plateau in mental heafits bath the
attainment of “sufficient” exercise, where being highly active did not confditianal
reductions in depressive symptoms. This gives some evidence towards a nonlidear dos
response relationship. The biggest strength of this particular study wasofs use
objective measures of fitness in addition to self-reported exercise beh#tiough

similar results were seen for each. However, like all cross-secttodés it could not
infer cause-effect relationships between exercise, fithess, and depreSsilper et al.
(2006) noted that “physical inactivity is likely to be both cause and consequence of
depressive symptoms” (p. 177).

In addition to studies exclusively examining the cross-sectional assnciat
between exercise and depression, many longitudinal studies of these valsables a
contain a cross-sectional component. One such investigation, the Upper Balddian F
Study, found that the association between exercise and depression remained when
statistically controlling for physical iliness, age, sex, and solaakqWeyerer, 1992).
When regular exercisers were compared with occasional and nonexerhsers, t
nonexercisers had three times the risk of depression when compared to regoisersxe
while the occasional exercisers did not significantly differ from regxarcisers. The
measurement of depression in this sample was sound, using depression diagnosed by
research psychiatrists, but the interpretation of “regular” exen@sdess specific. This

imprecise definition was likely interpreted differently by respondents.



Longitudinal studies involving exercise and depression have also been conducted
in the United States. These studies have taken differing views on the impact célphysic
disability as a potential confounder in the relationship between depression anseexer
Individuals who are physically limited are both more likely to be depressedsand le
likely to exercise, but it is unclear if or where physical disabilityihethe causal chain
of events. In an epidemiological study involving exercise behavior and depressed mood,
Kritz-Silverstein et al. (2001) excluded subjects with physical limomnatfrom the
statistical analysis. In contrast, a similar study conducted statiatialyses with and
without subjects with physical limitations (Strawbridge et al., 2002). Both séthe
investigations found the same trend in cross-sectional analysis; namegxdhase is
inversely related to depression. Interestingly, Strawbridge et al. (200%] that the
inclusion or exclusion of subjects with physical limitations did not alter thdtse
Unfortunately, both studies were part of larger projects that were not idtemdeasure
physical activity or exercise, and neither used rigorously testettety used indices of
physical activity. The measures of depression were better, using tH&BD2-

Silverstein et al., 2001) and an adaptation of the DSM-IV criteria (Strdgéat al.,

2002).

Longitudinal Associations Between Depression and Exercise

In addition to statistical association, the temporal sequence between gariable
must be established in order to infer causal relationships. While evidence &ssn cr
sectional studies shows a strong inverse association between exercise assiaepghe

temporal sequence between the two is better demonstrated with longitudinal. sAglie



a whole, the evidence from prospective, longitudinal studies is less conclusitag¢ha
evidence from cross sectional studies. Also, many longitudinal studies have lotdked at
relationship between exercise and depression in only one direction. Spegcitiat!
examined whether past exercise behavior predicted depression at a laternitne poi
usually failing to examine the opposite temporal sequence.

In the Upper Bavarian Field Study (Weyerer, 1992), low physical acavity
baseline was not a risk factor for developing depression five years laisrapparently
contrasts the association found from cross-sectional data from the sametstueever,
physical activity was not assessed at follow-up, so it was unclear weatreise habits
changed over time. In addition, the possibility of depression preceding physica
inactivity cannot be ruled out.

Similarly, the Rancho Bernardo study (Kritz-Silverstein et al., 200&)fatend
that physical activity at baseline did not predict depressive symptomsméssured
eight years later, both before and after adjusting for potential confounders, thgis
a direct contrast to the cross-sectional findings of the study. Unlike the Bayatian
Field Study (Weyerer, 1992), physical activity was measured at both baaadiriellow-
up. Those who reported no exercise at baseline, but became more physicallyyactive
the follow-up measure had fewer symptoms of depression at follow-up than those who
remained inactive. However, the Rancho Bernardo study also has its limitatiens
determining the temporal relationship between depression and physical igactivit
Subjects who initially presented with high levels of depressive symptooregsel3 on
the BDI) were excluded from follow-up analysis, so the researchers were tmabl

determine whether depression preceded inactivity. Another limitation wasehef an

10



older, high socioeconomic status population. Kritz-Silverstein et al. (2001) noted that a
prospective association between exercise and depression might have been shown in a
younger cohort with a wider range of exercise and depression scores. Hueally, t
measure of exercise took only vigorous activity into account, which may not atgurat
reflect the physical activity habits of the older population used in this study.

While some longitudinal studies have not found a prospective relationship
between exercise and depression, others have found an inverse relationship. In the
Alameda County study (Strawbridge et al., 2002), physical activity halitsatine
were associated with clinically diagnosed depression at a five yeaxfop. In
comparison to the Rancho Bernardo investigation (Kritz-Silverstein @08l1), the
measure of exercise used took a wider variety of activities into account. pPtraa
inclusion of moderate intensity activity, such as walking, explains why oredhip was
shown in this study. Interestingly, the prospective association between phgtiaty
and depression was shown when physically disabled subjects were both included and
excluded from the analysis.

Additionally, data from the Australian Longitudinal Study on Women'’s Health
showed a prospective relationship between exercise and depression (Bron20853l.
Instead of focusing on older individuals, this particular investigation used miglelte-a
women as the population of interest. Depression was measured using the &5-D
scores >10 were indicative of depressive symptoms. The measure of plotsitsl a
took both vigorous and less vigorous activity into account, combining them to create a
physical activity score. As such, the volume of physical activity wagahable of

interest. The authors assessed subjects at three time points over a ftirag/epan, in

11



order to determine current, previous, and habitual levels of physical activity. All
assessments of physical activity were associated with reductions insi@presdicating

both a cross-sectional relationship and a longitudinal relationship. Furthermore, women
in the lowest physical activity category who increased their exdigommended

levels (150 minutes per week) were less likely to report depressive syngitents/e

years than women who remained inactive. The protective effects of exernmaed

after adjusting for potential confounders, including education, occupation, smoking, and
the presence of chronic health conditions. In this particular study, even |ldsvdéve
physical activity (60 to 150 minutes of moderate intensity activity per weete

associated with a reduction of risk when compared with no physical activity.

Some of the studies mentioned did not measure changes in physical activity over
time, while others took note of changes in physical activity but analyzed theggshan
tangentially. Lampinen, Heikkinen, and Ruoppila (2000) explicitly focused on changes
in the intensity of exercise as a predictive factor for depression, usingeckeores
(increase, decrease, or remained the same) as the primary variabbeesiti The
authors used an older, community-dwelling Finnish population, and followed them for
eight years. The intensity of physical activity was measured on a peirgrscale, with
the lowest category consisting of necessary chores only and the highestycateg
consisting of competitive sports. These categories were later combined éetdetrels
for statistical analysis: necessary chores only, regular walking treamiigus physical
exercise. Depressive symptoms were measured with a modified BDI. Fbswlisd
that in general, the proportion of subjects who did necessary chores only increased over

the eight year follow-up, while the proportion of those participating in strenueusisx

12



decreased. This trend might be expected in an older population, although it should be
noted that chronic health conditions and difficulties in activities of daily livingwer
controlled for in the statistical analysis. As a whole, those who reduced thatyndéns
exercise experienced more depressive symptoms at follow-up than individuals who
increased the intensity of exercise or whose intensity did not change. Eveklof
exercise intensity, depressive symptoms at baseline significaatlicted depressive
symptoms at follow-up.

In summary, the data from longitudinal studies is mixed. While some studies
show a prospective association between exercise and subsequent depression, others do
not show this association. There are several potential explanations for tkede mi
findings. First, the measurement of physical activity may have been inapgedpr the
populations used. While younger populations are likely to engage in vigorous exercise
older cohorts are more likely to participate in light or moderate activityaddlition, it is
unknown which aspects of physical activity are important when it comes to reducing
depression. A majority of studies examined volume or frequency of physicatyadhit
the intensity or duration may be important factors as well.  Additionally, it is unknown
whether current physical activity or cumulative exercise over rgaass is more useful
when predicting depression. Other explanations involve the episodic nature of
depression. All of the longitudinal studies mentioned follow subjects over a coutse of a
least five years. Because depression was measured at time points sd,feesgsachers
may not capture all cases of depression that occur during that time framearfRpies a
person may become depressed and recover within five years, and this would not be

captured in most of these studies. Use of a shorter time frame would reduce otelimina

13



this problem. The effects of exercise on depression may be more immediateetigan t
longitudinal studies can capture, and depression may inhibit exercise only in the short-
term. Finally, none of the longitudinal studies took lifetime prevalence of deprest®
account. Even though most studies took baseline depressive symptoms into account (by
excluding these subjects from further analysis or using statistitbds, it is unknown

how many subjects had experienced a prior episode of depression in their lifetime. T

puts them at risk for developing subsequent episodes of depression, regardless df physica

activity.

Temporal Sequence: Changes in Exercise Precede Changes in Depression

Building on the cross sectional association, data from some longitudinal studies
demonstrate that changes in exercise predict future changes in depr&senally,
longitudinal studies have been designed to indicate that changes in exercisegiezdict |
changes in depression. Noting the possible temporal sequence indicatedthgilwalg
studies, many exercise interventions have been conducted. However, chaegiisge
habits in either direction would change later depression levels, if this taelhspguence
IS correct. Subjects in exercise intervention studies greatly inctegs@articipation in
physical activity, resulting in mental health benefits. Conversely, regloc eliminating
a physical activity program for someone who is regularly active would betexi® be

detrimental to mental health.
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Exercise Withdrawal

Berlin, Kop, and Deuster (2006) examined the hypothesis that exercise
withdrawal would result in increasing symptoms of depression. Additionally, they
suspected that somatic depressive symptoms would develop before the cognitive-
affective symptoms of depression, and that reductions in fithess would be reléed to t
magnitude of emerging depressive symptoms. The subjects consisted cdaléy r
exercisers, aged 18-45. Before participating in the study, all subjedtsgaded in at
least 30 minutes of continuous aerobic exercise, three or more days per week for over s
months. Subjects were initially healthy. They had no history of cardiovasisgase,

did not suffer from hypertension or obesity, and were not receiving treatmenyfor a
psychological disorder.

After recruitment into the study, subjects were randomized to either continue thei
exercise routine as usual, or to withdraw from exercise for two weekelefameters
were used as a manipulation check, to ensure compliance for both groups. Outcome
measures included the Profile of Mood States (POMS), BDI-II, and the Mudtidional
Fatigue Inventory (MFI) to reflect changes in mood, depression, and fatigjectively.
Submaximal exercise testing was also completed to measure chantresss fThese
outcomes were measured at baseline, 1 week, and 2 weeks.

Results from the accelerometers indicated that subjects in the exsiitidrawal
group did reduce their high-intensity physical activity compared to those who continued
their exercise program. Withdrawal from exercise resulted in higbezsson the POMS
and BDI-1I at follow-up, indicating more a negative mood and increases in depress

symptoms. Specific analysis of depressive symptoms indicated that chasgesatic

15



symptoms were evident after only one week, and these changes in somatic symptoms
predicted cognitive-affective changes at two weeks. Although overall rexisiat

fitness in the exercise-withdrawal group were not significant, theréahg individual
differences. Individuals whose aerobic capacity decreased wereikedydd develop
depressive symptoms when compared to those whose fitness did not decrease. Although
Berlin et al. (2006) showed that reductions in exercise preceded an incregsegsigde
symptoms, there are several limitations. Notably, the voluntary exentistrawal used

may not reflect actual circumstances that involve a reduction or withdnawal f

exercise. Injuries and illness are two main reasons why a previousky petson would
become less active, and both of these are known to impact depression levels. In addition,
the two week time interval used here does not necessarily simulateortlconditions.
Although some causes of exercise withdrawal result in brief periods of itgativakes

much longer to recover from some ilinesses and injuries. The full extent of shange
depression may not become apparent in two weeks, and there was no follow-up

assessment to examine the long-term impact of exercise withdrawal.

Exercise Interventions

If exercise withdrawal results in depressive symptoms, then beginningasex
program may relieve existing symptoms of depression. Even though psychotherapy and
antidepressant medication are the traditional treatments for depressidmvbkesome
limitations. For example, medication can relieve symptoms, but does not protast aga
relapse if discontinued. The side effects of treatment may also be problemati
addition, approximately 30% of patients do not respond adequately to drug treatment

(Baghai, Moller, & Rupprecht, 2006). Noting the problems with standard treatroents f
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depression, many types of exercise interventions have been conducted. By natire, thes
interventions assume that exercise plays a causal role in the reduction ofidapres

Some of these exercise interventions examine various components of exercpsejrapm
two or more exercise programs, while others compare exercise to more cnalent
treatments for depression. Exercise has been examined as a monotheckpygdbr

patients and also as an adjunct treatment in combination with psychotherapy or
medication. Some of the exercise intervention studies focus on the short-terth menta
health benefits of exercise, while others look at longer lasting reductidepiassion.

In addition, fitness has been investigated as a possible mediating factor whag ktoki

the relationship between exercise and depression.

While the best evidence for the notion that exercise causes reductions in
depression comes from randomized controlled trials, this relationship has alswteskn
tangentially in the use of exercise interventions for weight control and okegedih. In
one intervention, hypertensive men and women were randomly assigned into one of three
groups: aerobic exercise, exercise and weight loss, or a wait-lisblg@ith,

Blumenthal, Babyak, Georgiades, Hinderliter, & Sherwood, 2007). Despite the low
prevalence of depression at baseline, as measured by the BDI, theme wasaction

between treatment group and baseline depression. Individuals in the exengpsevgth

higher BDI scores at baseline showed a reduction in their BDI scores atlitbétae
intervention, when compared with wait-list controls. While weight loss and redsati

blood pressure did not mediate the relationship between exercise and depression, subject
with greater improvements in aerobic capacity showed greater reduatidegression.

Smith et al. (2007) note the lack of clarity in the direction of the relationshwebet

17



exercise, depression, and fitness, stating “improved aerobic capacityeswitdn
reduced depression, or reduced depression may contribute to improved aerobic capacity”
(p. 467). However, this study was not originally designed to examine the effects of
exercise on depression, but rather on physical health indicators.

Although Smith et al. (2007) noted reductions in depressive symptoms when
using exercise programs for physical health benefits, others have oeedly $o
measure the effects of exercise on depression. Some studies have singalsedom
exercise training to a placebo or wait-list control group, while others hade multiple
comparisons (for example, comparing two different exercise programsyiacebo or
comparing exercise, medication, and combination therapy). The nature ofitiseexe
programs varied widely. Some of the exercise programs used only aerobisegxerc
some compared aerobic activity with weight training, and still others usedianoual
exercise intervention. One of these multimodal exercise interventions was eahduct
using a worksite population over 24 weeks (Atlantis, Chow, Kirby, & Singh, 2004). Like
most exercise intervention programs, subjects were physically healthyrbotally
active prior to entering the study. In addition, none of the subjects had a diagnosable
mental disorder. Prior to randomization, subjects were stratified by gemnd énitial
scores on the Depression, Anxiety, and Stress Scales (DASS). Initiddyofl€ubjects
scored above normal on the depression scale when compared to Australian norms, and a
similar percentage was above normal for anxiety and stress. Particygsiathen
randomized into the treatment group or the wait-list control. Those in the treatment
group participated in both aerobic exercise and strength training for 24 weeks. The

subjects performed a minimum of 20 minutes aerobic exercise, three daysker we
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using a variety of cardiovascular machines such as a treadmill or bidywesubjects
performed the aerobic exercise at a prescribed percentage of thestiagated maximal
heart rate, and the intensity increased throughout the duration of the study. The subject
also participated in prescribed strength training exercises. Mitiadlse were done in
machines, but free weight exercises were later introduced. Over the abilmse
intervention, the load steadily increased while the number of repetitions aetrédsst
subjects were advised to perform a whole-body strength training routimeraum of

two times per week, but a few used a split-body workout due to their frequent attendance
at the fitness center. In addition to the aerobic and strength training exbshsavior
modification strategies were also employed through the use of severhldohatation
seminars. Subjects in the wait-list control did not receive any of the preriousl
mentioned interventions, and minimal contact was made to collect questionnairgs. The
were instructed to continue life as normal, including any existing physitatyc

Subject compliance was problematic with this study, as 40% dropped out before the
completion of the 24-week program. Prior to the intervention, subjects in the tmeatme
and control groups did not differ significantly on any outcome. After the intervention,
subjects in the intervention group significantly improved depression and stress score
compared to those in the control group. Among mental health outcomes, an interaction
effect was seen, where those with worse scores at baseline improved thélowsver,

due to the multimodal nature of this intervention, the authors were unable to determine
which components were most beneficial for their effects on depressive sysmatdm

overall mental health (Atlantis et al., 2004).
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While Atlantis and colleagues (2004) studied an exercise training prayem
the course of several months, the short-term benefits of exercise may algmwbanin
A single exercise bout may temporarily enhance mood, but these effectsminay
become clinically significant and enduring with exercise training. lBaymew,
Morrison, and Ciccolo (2005) studied the effects of a single exercise session on mood
and well being, using a sample of newly diagnosed patients with Major Depressive
Disorder (MDD). Mood was assessed using the Profile of Mood States (POM$gand t
Subjective Exercise Experiences Scale (SEES) at several time pdortesdoed after the
exercise session. Participants were assigned to the control group, whiskedonis30
minutes of quiet rest, or the exercise group, which consisted of a 30 minute brisk walk on
a treadmill. The results indicated that a single exercise sessioncshenfits over
guiet rest for some, but not all of the subscales assessed. Specificallgrthigedxout
increased psychological well-being and vigor, as measured by the SEESM&d PO
respectively. It appears that exercise enhances these positivelyedhitates for a brief
time period following an exercise session. While Bartholomew et al. (20@5k that
these transient changes in mood are unlikely to impact the underlying depréssy
also note that exercise may be useful for short-term mood regulation. Thusesxerc
sessions may benefit patients in its role as a coping mechanism, ratherigandveed
as treatment in a traditional sense. This may be especially importamtiggviength of
time before antidepressants exhibit therapeutic effects.

While the previous two studies mentioned only compared exercise to a control
group, other exercise interventions have made multiple comparisons (Blumemihal e

2007; see also Dunn et al., 2005; see also DiLorenzo et al., 1999; see also Osei-Tutu &
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Campagna 2004; see also King et al., 1993; see also Legrand & Heuze, 2007). In all
cases, at least one of the exercise interventions used was superior to placabtisir w
control. There were generally no significant differences betweeanisxgrograms in
regards to reductions in depression, although Dunn et al. (2005) showed that one
particular exercise program was superior to another. In most cases,difie speure of
the exercise program was not important; however the participation in some form of
exercise was crucial for gains in mental health.

While exercise is clearly better than no treatment for depressiveayspdther
investigations have compared exercise programs to more traditionalergs for
depression. One of the earlier investigations of this type compared aer@izis&x
cognitive therapy, and combination treatment (Fremont & Craighead, 1987). Indsvidual
were recruited using public service announcements targeted towards those &ho wer
interested in treatment for negative moods. To be included in the study, subjects we
sedentary and had an elevated score on the BDI, indicating depressed mood. In addition,
subjects were not receiving any kind of treatment for depression at the tan&yointo
the study. The subjects were randomly assigned to treatment groups, and 49 domplete
the ten weeks of treatment. Those assigned to the exercise group did 20 minute bouts of
walking and running in a small group setting three times a week. Experiencedsrunne
served as coaches, instructing the subjects on the ideal intensity, proper fanming
and how to measure their heart rate. Subjects assigned to the cognitive gheuapy
received individual one hour sessions with a therapist once a week. The goal of these
sessions was to change negative thought patterns and attitudes. Those asgigned to t

combination treatment received the weekly counseling session in addition to p@amnticipa
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in small-group exercise. Measures included the BDI, POMS, and the Statankiaty
Inventory (STAI) given at various time points before, during, and after the tksvwoé
treatment. Initially, all the subjects were mildly to moderately eleg@d, according to
BDI scores. After treatment, mean BDI scores indicated that they weoager |
depressed, and this improvement was maintained at 2 and 4 months of follow up. All
three treatment groups had similar impact on depression, with all groups expgriencin
benefits. Improvement in depression occurred quickly, in the first 3 to 5 weeks of
treatment. It did not appear that changes in fithess were necessagntat health
benefits, although Fremont and Craighead (1987) noted that better physiologica
indicators were needed to demonstrate this. Combination treatment did not give furthe
benefits over treatment with cognitive therapy or exercise alone, andsexeas seen as
the most cost-effective method used (Fremont & Craighead, 1987).

At the time of Fremont and Craighead’s (1987) publication, cognitive therapy wa
the dominant treatment for depression. However, due to advancements in pharmacology,
treatment with medication has become more popular. More recent studies have
compared exercise to some of these newer, widely used medications fesmepré\
series of studies (Blumenthal, Babyak, Moore, Craighead, Herman, Khakril @99
see also Babyak, Blumenthal, Herman, Khatri, Doraiswamy, Moore,20G0)
compared the effects of a 16 week aerobic exercise program, antidepnesdecation,
and combination treatment in a sample of older individuals with MDD. The presence of
depression was initially established in all subjects by using both a diagntsticew
and the Hamilton Rating Scale for Depression (HAM-D). Subjects were then figndom

assigned into one of the three groups- exercise only, medication only, or coombinati
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treatment. The exercise intervention consisted of approximately 45 minutekiofwa

or jogging at a prescribed heart rate three times a week for the 16 wegk $he

particular medication used in the study was sertraline (Zoloft), and medication
management was provided by one of the study psychiatrists. Specific dosadeateas ti
according to the subject’s response to treatment, both the therapeutic eifieitts side
effects. Medication management in this group was similar to that in standetidegra

with the exception that subjects could not be switched to a different antidepressant dur
the study. Subjects in the combination treatment received both the exercismiie

and medication management concurrently.

At the end of the 16 week intervention, all of the groups showed significant
decreases in depression; however, no treatment was more effective thanrthe othe
(Blumenthal et al., 1999). Thus, it was concluded that all three treatmentsgueitty
effective at reducing depression, and there was no additional benefit from combining
treatments. However, a 10 month follow-up of these individuals revealed diffelience
recovery and relapse rates (Babyak et al., 2000). At this follow-up, subjeets wer
considered recovered if they no longer met the criteria for MDD and had an HAM-D
score below 8. Subjects were considered partially recovered if they no lorigaeme
diagnostic criteria for MDD, but still showed some depressive symptoms, nviliA&l-

D score between 8 and 14. Subjects were considered relapsed if they weligsionem
at the end of the intervention, but met the DSM-1V criteria for MDD or had an HAM-
score above 14 at the 10 month follow-up. While all treatments were equallyvefec
the end of the four months of treatment, participants in the exercise group were more

likely to be partially or fully recovered at the follow-up visit, when compared to

23



participants in the medication or combination group. In addition, relapse rates were
much lower for the exercise group (8%) than for the medication group (38%) and
combination groups (31%). This finding for the combination group was unexpected, as
Babyak et al. (2000) assumed that this group would do as well or better than teeexer
only group. The authors explained this by noting the anti-medication sentiment among
some study participants. The researchers also mentioned that medicatiomtaitgre

with the beneficial effects of exercise, although they were unable tolsesc

physiological mechanisms underlying this result.

While the exercise group had the best outcome at follow-up in regards to
recovery, there were several reasons why it cannot be concluded thateecausisd
depressive symptoms to be reduced at that time. First, there was substzsi®@ler
between the groups after the intervention ended. For example, some subjects in the
medication group began to exercise, while others quit medication altogether. More
importantly, Babyak and colleagues (2000) acknowledge the possibility ofeever
causation. In other words, patients who began or continued to exercise after the
intervention did so because they were less depressed at the end of the treatioent
This was highly probable, as an inverse association was shown between posHirea
HAM-D scores and self-reported exercise during the follow-up period. Howeken
post-treatment HAM-D scores were controlled, exercise during tlefalp period still
predicted depression status. This raises the possibility of a reciprat@ainghip
between exercise and depression, where feeling less depressed mag thereas
likelihood of physical activity, and continuing to exercise reduces the paysdfili

relapse.
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Two limitations of the series of studies conducted by Blumenthal et ab)(28€
Babyak et al. (2000) are the lack of a true placebo group and the inabilityptoafmr
nonspecific effects of exercise (staff attention, social support, etcseTihatations
were addressed in a subsequent study by the same group of researchers{Blument
Babyak, Doraiswamy, Watkins, Hoffman, Barbour, et. al, 2007). In this more recent
study, subjects diagnosed with MDD were randomly assigned to supervisedexea
group setting, home-based exercise, antidepressant medication, or a pill placebo
treatment for 16 weeks. Because of the possibility of being assigned tebhpla
treatment, none of the subjects were classified as severely depeesseeasured by the
HAM-D. As with the prior investigation, both of the exercise treatments cedsit
roughly 45 minutes of walking or jogging at a prescribed heart rate three timgsegle
While one group attended supervised sessions, the home-based group received minimal
assistance from staff after an initial home visit. To ensure adherenceeixetioese
program, home-based exercisers completed weekly exercise logs. Subibet
sertraline or pill placebo conditions received medication management bgffhe st
psychiatrist, who was blinded to treatment condition. After four months of treatrhent, a
of the active treatment conditions significantly reduced depressive sysptioem
compared to placebo, with no significant differences between the activedngéstnihe
setting of exercise, whether group or home-based, did not impact remission rates

As a whole, studies comparing exercise to standard treatments show tbigeexer
is just as effective as cognitive therapy or antidepressant medicdt@nitrxcomes to
initial reductions in depression in a clinical population. In fact, exerciseomayperior

to medication in terms of relapse. Because of this, aerobic exerciseehas be
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recommended by some as a monotherapy for the treatment of mild to moderate
depression. While some have used exercise as a sole treatment for depréssson, ot
have used it in addition to existing treatments. The use of exercise in combin#tion w
medication was one part of the investigation by Blumenthal et al. (1999); howthey
studies have specifically focused on the use of exercise as an adjunctriteatinese
who have not responded to traditional treatment.

The use of exercise as an adjunct treatment was recently examined bgetssu
who had not responded adequately to medication, over the course of an eight month
exercise intervention (Pilu, Sorba, Hardoy, Floris, Mannu, Seruis, et al., 20ibjgctS
consisted of 40 to 60 year old females who had been diagnosed with MDD. In addition,
these subjects had not responded adequately to at least one antidepressant, @defined as
HAM-D score above 13 after at least two months of treatment. After dgdwlienter
the study, subjects were randomized into two groups. One group would simply continue
pharmacological treatment, while the other group would add physical atbivig
existing treatment. It should be mentioned that no particular medication vebis @adle
patients. Instead, multiple classes of antidepressant medication wetia bséh the
exercise and the control group. The exercise program consisted of two 60 minsite bout
per week, combining aerobic and weight training activities in a group settinge Antl
of the eight month study, those in the exercise group experienced grgat@réments
in depression and global functioning in comparison to the control group. While subjects
who merely continued antidepressant medication failed to show improvement inDHAM-
scores, those who added exercise to their existing medication did show impre/ement

depressive symptoms. However, it is possible that the social interaction invotiied wi
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the exercise sessions played a role in this improvement (Pilu et al., 2007 tdgdener
with previous research, combination treatment seems like an effectiveapext st
treatment-resistant depression, although it may not be necessary asboonite of
action.

In addition to comparing aerobic exercise to traditional treatmentsyehtf
exercise programs have also been compared for their effects on depresssm. The
exercise programs may vary in the frequency, intensity, social natureprbtiram, or
in the type of exercise performed. Because of the widely varying tfyme®rcise
programs used, it is difficult to draw firm conclusions about the most beneficralsxe
program for depression, in terms of the frequency or intensity of exercisaudgethe
participation in an exercise program seems to be the most important fabier than
the specific qualities of the exercise program, many researchers gaticaurrent
ACSM recommendations of 30 minutes of moderate activity on most, if not all days of
the week to improve or maintain physical and mental health.

One factor that has been examined is the setting or group nature of exercise
programs. Because depression is such an isolating illness, it is thought that emgourag
social connections and social support may play a beneficial role for recdvewever,
studies examining the social nature of exercise programs have not demonsisated t
When comparing home and group-based exercise in a sample of depressed patients, both
groups experienced similar reductions in depression (Blumenthal et al., 2007).

The social nature of exercise has also been examined by King, Taylork&lHas
(1993). Before assignment into groups, participants were evaluated on multiple

psychological and physiological assessments. Physiological meastiteled body
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weight, smoking status, and a symptom-limited treadmill test using a modélkd B
protocol. Psychological measures included the BDI, the Taylor Manifest #isgale,
the Perceived Stress Scale, and ratings of perceived change. Theseadsesere
repeated at 6 months and at the end of the 12 month intervention. Subjects consisted of
357 healthy, but sedentary individuals between the ages of 50 and 65. They were
assigned to one of four groups: high intensity group exercise, high intensity home
exercise, lower intensity home exercise, and assessment-only contrap-lased
exercise sessions were conducted at a local senior center and comnllegs; edere
subjects participated in walking and jogging three times a week. Subjecthiomtiee
exercise groups were given instruction on measuring heart rate and gaveiselogs
and written instructions about the exercise program. Subjects using the highstyinte
program were instructed to maintain a heart rate at 73-88% of their peak resavhike
subjects in the lower intensity group maintained their heart rate at 60-73%r qicthie
heart rate. To ensure that caloric expenditure was similar between theddigh
intensity groups, the lower intensity group was advised to exercise 5 daysgier w
while the high intensity group was advised to exercise 3 days per week.

Using the exercise logs and attendance at group exercise sessionswagsnsga
adherence, it was found that those in the home-based exercise programs reported
significantly greater adherence to the exercise program comparedgiotipebased
exercisers. All exercise groups experienced a small, but significaetise in aerobic
capacity when compared to the control group (King et al., 1993). Unlike the
physiological changes, the exercise groups did not show significanedités from the

control group with respect to BDI scores. However, the ratings of perceived chdnge
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show that subjects in the exercise groups perceived an improvement in depression over
the course of the 12 month program (King et al., 1993). This perceived improvement in
depression was not reflected in the BDI scores, perhaps because this wasniazla cli
population and BDI scores were fairly low initially. Importantly, there wnere
differences between the three exercise programs in regards to aeyoottome
measures. Thus, it was the participation in exercise, rather than the speadifies of
that exercise, which seemed to produce any health benefits.

The social nature of exercise has also been studied by Legrand and Heuze (2007).
While the frequency of exercise was a key factor in their intervention, e glzowed
that there were no significant differences between an individual exercigamragd one
that utilized a group format. Twenty-three adult participants were recfriteda local
sport and fitness facility, and an elevated BDI score (above 16) wasr&arior
inclusion in the study. Initially, subjects exercised fewer than thress tpar week, and
less than 20 minutes per exercise bout. Subjects were then randomized into one of three
exercise programs: low frequency exercise, high frequency exerctighdrequency
exercise in a group format. The low frequency group, participating in ongsexer
session per week, served as a control group because these individuals perfotezet the
amount of exercise. The two high frequency groups participated in three todregsex
bouts per week. The intensity and duration of the exercise bouts was similar for al
groups, roughly 30 minutes of aerobic activity performed at 60-80% of age-predicted
maximal heart rate. For those in the group-based intervention, several srategie

used to promote group cohesion. The BDI was used as a measure of depression, and
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assessments were taken at baseline, 4 weeks, and at the completion of the 8 week
exercise program.

The results showed that participants in the two high-frequency exeroigesgr
regardless of social setting, experienced greater reductions ingiepreben compared
to the low-frequency control group. Although the frequency of exercise wagartamt
factor in reducing depressive symptoms, social setting was less impAitaatigh
group cohesion was enhanced for those in the group intervention, this did not result in
further reductions in depression. While most participants in the high-frequenpsg
were no longer classified as depressed (BDI below 13) at the end of the stjzulgllass
of social setting, this was not true for those in the control group. In addition, reductions
in depression happened relatively quickly, within the first 4 weeks of the sxerci
program (Legrand & Heuze, 2007). The authors noted that while social relationships did
not have any short term effects on depression, there may be unmeasured long-term
effects. The main limitations of the study included a small sample size anetthednof
recruiting subjects. Because all subjects were recruited from ones figoggy, the
results may not generalize to the broader population. In addition, no clinical d&agnosi
was used to assess participants for the presence of depression, mereposetir
symptoms. Finally, it should be noted that the control group was not completely
sedentary, which could minimize true differences between groups.

The social setting of exercise seems to be relatively unimportamdioctrons in
depression. However, as found by Legrand and Heuze (2007), the frequency of exercise
may be an influential factor. While that study used exercise programs &y waslging

frequency, comparing those who exercised one day per week with those who dxercise
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three to five times per week, it did not keep the volume of exercise constant between the
programs. Thus, while the frequency of exercise varied, the total amount o$@xdso
varied. However, other studies have examined the frequency of exercise progreEms w
keeping the total volume of exercise constant. One of these studies compareadshort a
long-bout exercise (Osei-Tutu & Campagna, 2004). Because the ACSM currently
recommends that adults should accumulate 30 minutes of activity on most days of the
week, this can be accomplished in frequent short bursts of activity or a longeuoosti
bout of exercise. In this particular study, both exercise programs consiS@dnafiutes

of walking, 5 days per week for eight weeks. However, one group accomplished this in
one exercise bout, while the other group completed three 10 minute sessions to
accumulate 30 minutes of activity. Subjects in the two exercise groups weraredno

a control group, which did not make any lifestyle changes during the study. Outcome
measures included the POMS to assess mental health, gndaxGnd percent body fat

to assess physical health. The results showed that long-bout exercisegmafttarg

impact on mood compared to those who remained sedentary, and short-bout exercise
showed a nonsignificant trend in this direction. Osei-Tutu and Campagna (2004)
speculated that the 8 week duration of the exercise program was not long enough to see
significant changes in the short-bout group. Unlike most exercise interventibesst

these exercise programs did not have a specific impact on depression, asdeasure
subscale of the POMS. While the mental health benefits of short and long-bouteexercis
differed, the two exercise programs showed comparable changes in a¢nelsi, fas

both groups improved their \l@nax relative to the control group. Thus, it is unlikely

that psychological improvements were due to improved aerobic fitness. In ctmtrast
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aerobic fitness, only long-bout exercise was found to reduce body fat. lingseshe

more body fat was lost by those in the long-bout exercise program, the more their mood
improved (Osei-Tutu & Campagna, 2004). Although the overall amount of time spent
exercising was the same for both exercise groups, the mental healthsheaedinot

equal. More frequent exercise bouts were not more beneficial, however thixerdae

to the extremely short duration of the exercise sessions. It is possililestigais a

threshold for mental health benefits to occur, and the 10 minute sessions were not
sufficient to result in mental health benefits.

While Osei-Tutu and Campagna (2004) manipulated frequency and
duration to keep the total volume of exercise constant, others have looked at frequency
and volume simultaneously. In one such comparison, four aerobic exercise programs
were compared to an exercise placebo to determine the impact of exequsnéry and
total energy expenditure (or exercise dose) on depression (Dunn et al., 2005)tsSubjec
initially were mildly to moderately depressed, as assessed by HAkbERs, and this
was confirmed with a clinical interview. The study utilized a 2 X 2 factorisibde
emphasizing the frequency (3 or 5 days per week) and energy expenditure (puthlic heal
dose or low dose) of aerobic exercise. Additionally, an exercise placebol gpatp
was used, and the subjects in this group performed flexibility exercisdithe=eper
week. The public health dose of exercise roughly corresponds to current ACSM
recommendations for physical activity, while the low dose corresponds tihdeskalf
that amount of exercise. To ensure that social support did not confound the results,
participants exercised individually in rooms by themselves for the duration d2the

week study. The results indicated that the public health dose of exercisiedifec
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treated depression, reducing the HAM-D scores below clinical levels. Thdoksv
groups did not respond better than the exercise placebo, although both groups
experienced some reduction in symptoms. Because the frequency of exerds# by it
did not impact depression scores, it was determined that total energy expenaisine w
important variable of interest for reducing symptoms of depression.

Taken together, the combined results of these exercise interventions shdw that t
frequency of an exercise program by itself has small effects on deragsiny. Rather
than the frequency, it is the total volume of activity that is important. Asde fr
increasing the frequency of exercise, another way to increase the volactevity is to
increase the intensity or duration of individual exercise sessions. As menthed e
King et al. (1993) found no differences between low and high intensity exerogams
when the total volume of activity was kept constant. However, it is possible that no
differences were shown because of the population used. Since there wBi2l Isgores
initially, there was not room for much improvement. None of the exercise programs we
more beneficial than the control in reducing BDI scores; however all ok#dreise
programs resulted in perceived benefits from the participants. These perceigbts be
did not vary by the intensity of the exercise program.

The intensity of exercise has also been examined in conjunction with the duration
of exercise (DiLorenzo, Bargman, Stucky-Ropp, Brassington, Frensch, étafe,

1999). Similar to King et al. (1993), a community sample was used, and small mental
health benefits were expected. The fitness program consisted of 12 weekslef bicyc
ergometry, with outcome measures taken at the end of the intervention and at a 1 yea

follow-up. Subjects were initially randomly assigned into a 24 minute variable tytensi
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exercise group, a 48 minute continuous intensity exercise group, or a ivaalisol
group. Those in the exercise groups trained four days per week for the duration of the
12-week study. Psychological constructs, including depression and anxiety, were
measured with STAI, the BDI, and some subscales of the POMS. Performance on both
maximal and submaximal bicycle tests was used to indicate changes in aarebs: f
As a manipulation check, both of the exercise groups showed increases in atredsc fi
when compared to the control group, indicating the exercise to be of sufficienityntens
Because both of the exercise groups experienced similar improvements ) fitegs
were combined for further analysis. Because of this, one cannot determine which
intensity or duration was more beneficial. However, at the end of the aerobicg
program, exercisers showed significant improvements in all psychologiealines
used, including a reduction in depression. In addition, these improvements were
maintained over a 1-year follow-up period. DiLorenzo et al. (1999) listed sappbd
and enhanced body image as some of the reasons why the participants experienced
mental health benefits, even in the absence of clinical problems.

Thus, preliminary evidence indicates that intensity of physical acts/itpt a
major factor in the antidepressant effects of exercise. While the igtérsiuency, and
social nature of exercise do not appear to be important, the total amount of physical
activity is a relevant factor. However, there are many different typbesercise, and
each may have different effects on depression. In most of the exercisentiverye
mentioned above, only cardiovascular exercise was used as the mode of activity. The
mode of exercise, aerobic or non-aerobic, is another avenue for exploration. Although

differences between aerobic exercise programs have been compatkffietbeces
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between aerobic exercise and strength training have also been exadvtoted (
Konopack, McAuley, Elavsky, Jerome, & Marquez, 2005; see also Doyne, Osgip-Klei
Bowman, Osborn, McDougall-Wilson, & Neimeyer, 1987).

Motl et al. (2005) compared cardiovascular exercise and strength training in a
sample of nondepressed elderly. For the aerobic exercise condition, subjestsa me
local shopping mall and walked three times a week. The intensity and duration of the
exercise increased throughout the duration of the six month program. Subjects who were
randomized into the resistance and flexibility group completed one set of 8-filaepe
per major muscle group, and flexibility exercises for the large musnlgg. The
frequency and duration was the same used for the aerobic group, and increasdlg gradua
during the program. Because an older population was used in the study, the Geriatric
Depression Scale (GDS) was used to assess depression immediatéhe afive month
intervention and again at one and five-year follow-ups. The primary finding codcerne
the long lasting reductions in depression following the exercise program. éspfact
that subjects were not clinically depressed, the reduction in depressipmeywas
maintained at all follow-up assessments. These changes in depression did not differ
between the two exercise groups, as both were effective in reducing deprddscause
the subjects were not clinically depressed, this supports exercise foeveaon of
depressive symptoms in the general population of older adults.

Doyne et al. (1987) also compared aerobic exercise to weight traattimggh
using a much shorter follow-up time period. Instead of using a nondepressed older
population, subjects were limited to 18-35 year old women diagnosed with major or

minor depressive disorder. Participants were advised to attend four exersigesspsr
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week over the eight-week program. Subjects randomized to the aerobic exercise
condition walked or ran around an indoor track, while subjects in the weight-lifting
condition completed a 10-station program using a Universal Exercise Madhine.

addition, a wait-list control was used, and subjects in this condition were told thesexerc
program would be delayed for eight weeks. Like the study done by Motl et al. (2005),
both exercise groups showed reductions in depression symptoms when compared to the
wait-list control group, and these improvements were maintained throughout tiieaone
follow-up period. Despite the vastly different nature of the two exercisegmsgthey

were equally effective in reducing depression (Doyne et al., 1987).

As a whole, the literature on exercise interventions shows that participagan i
exercise program reduces symptoms of depression. While some studies have looked at
specific features of exercise programs, these have all shown largerdife between
exercise and control groups, and few if any differences between diffesrnisexgroups.
While the frequency, intensity, mode, and social nature of exercise programs do not
appear to be important, the total amount of activity appears affect symptoms of
depression. The temporal relationship between exercise and depressionigeexer
intervention studies gives evidence towards the notion that exercise playsabroge in
the reduction in depression. In addition, experiments rule out the possibility of

spuriousness through randomization and other methods in their design.

Review Articles and Meta-Analyses

Due to the sheer number of exercise intervention studies, it is no surprise that

there have been several attempts to summarize this literature in the foamadive
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reviews and meta-analyses. These reviews often note the differences eatwwement
and classification of depression, as well as the variety of populations studied. For
example, some reviews allow only studies using a clinical population, whiles other
include both clinical and nonclinical populations. In addition, they examine different
types of exercise programs, and consider possible mechanisms that explain the
relationship between exercise and depression.

One of the earliest reviews sought to examine the use of exercise inalglinic
depressed population (Martinsen, 1990). At the time, diagnostic systems such as the
Research Diagnostic Criteria (RDC) and the DSM-III were the best &vallable to
determine the presence of clinical depression. Martinsen (1990) noted thahelBEI
was often used, this type of self-report was not adequate for obtaining an officia
diagnosis. Each of the 10 studies included used at least a quasi-experimegralaelsi
8 of these were true experimental studies using random assignment to treatment
conditions. Six of the 10 included studies used strict diagnostic criteria to detdhmai
presence of clinical depression, rather than simply using self-reportecosysapéll the
included studies showed that exercise programs resulted in significant immertgan
depression. When exercise was compared to standard treatments for deprelssien suc
psychotherapy, exercise was comparable or even superior to counsedingvet it is
unclear if the counseling offered was effective, as at least one studgtdieport
significant reductions in depression for the group receiving psychotherapy.

Two studies included in Martinsen’s (1990) review compared aerobic and non-
aerobic exercise, and found that they had similar benefits for depressigtor)s.

Cardiovascular exercise and strength training were both superior to a gootnol
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Despite the small number of studies included and methodological limitations such as
small sample sizes, no study showed that exercise had harmful effects,@Endtad
towards the benefits of exercise on depression. Therefore, Martinsen (1990) abnclude
that “aerobic exercise is more effective than no treatment, and not sgtlifidifferent

from other forms of treatment” (p. 384). In addition, changes in aerobic fitness did not
appear to be necessary for mental health benefits to occur. Becauaesamdfits

resulted from aerobic and strength training exercise, Martinsen (1%R@dathat
psychological mechanisms were likely responsible for the improvement irsdepre

since the two forms of exercise engage different biological pathways.

A later review examined exercise therapy for patients with a yarigisychiatric
disorders, including but not limited to depression (Tkachuk & Martin, 1999). In their
investigation, they separated studies by the primary diagnosed psychsatrded and
exercise was used as a primary or adjunct treatment for that psyatisarder.

Exercise was found to have the most beneficial impact on depression when compared to
other psychiatric disorders. In the 14 studies used to evaluate the effestivEnes

exercise in alleviating depression, all found exercise to be beneficiallarSion

Martinsen’s (1990) review, Tkachuk and Martin (1999) included quasi-experimental and
experimental studies using a clinical population of mild to moderately degnessents.

Many of the included studies used diagnostic criteria to determine the @edataical
depression, and all were clear about the specific nature of the exeogsanpused. A
minimum of three 20-60 minute exercise sessions per week resulted in aignific
improvements in depression after only five weeks. Importantly, exercismwasto be

more cost-effective than standard treatments. For diagnoses other thasidapseich
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as schizophrenia or substance abuse disorders, evidence was mixed or there wa&re too fe
studies to draw sound conclusions.

While the effect of exercise on a variety of psychological disordessstuaied
by Tkachuk and Martin (1999), Dunn, Trivedi, and O’Neal (2001) examined a very
limited set of psychological disorders. Timernational Classification of DiseagéCD)
9, ICD-10, and DSM-1V diagnostic criteria were used to determine the presence
primary depressive and anxiety disorders of interest. Hence, only stud@asgtili
clinical populations were used in the analysis. In total, 37 studies met inclusapiacrit
for the review. Analysis of cross-sectional studies showed a clear ing&senship
between physical activity and depression, and the prospective studies includathdic
that changes in physical activity predicted later depressive symptoespit®the clear
inverse relationship, only one prospective study examined the potential dose-response
gradient between physical activity and depression. Dunn et al. (2001) also looked at
clinical relevance, and they defined a treatment response as a 50%woreducti
symptoms. Although smaller reductions may be statistically significaghtictions less
than 50% were not considered clinically meaningful. Of the 18 exercise trainthgsst
included, 8 showed a treatment response which was maintained during follow-up periods.
While exercise was shown to be beneficial, the studies were limited byssmgdle
sizes, lack of control groups, and combining exercise with other treatment megdalit
The three studies that examined resistance training showed it to be aseeffecti
reducing depression as the more commonly used aerobic activity. In short, while bot

moderate and vigorous exercise were shown to reduce symptoms of depression, it is
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unclear whether this occurs as a direct result of manipulating the interesiiyeicy, or
duration of exercise in a dose-response manner.

While previous reviews have focused on clinical populations, others have
included individuals with a wider range of depressive symptoms. Brosse, $le¢ets,
and Blumenthal (2002) noted that some exercise training studies have shown reductions
in depressive symptoms in a healthy population, while others have not shown these same
benefits. Most likely, this is because there is not much room for improvement in healthy
nondepressed subjects. Among those with chronic medical conditions, evidence for the
antidepressant effects of exercise was also mixed. Some studies wdhelrgeBrosse
et al. (2002) reported reductions in depression for individuals with chronic medical
conditions, while others did not. However, it should be noted that some, but not all
individuals with chronic medical conditions were also clinically depresshd iF likely
to explain the mixed findings. The antidepressant effects of exerciambanore
apparent when a clinically depressed population was studied, because ghareraa
room for improvement. Exercise was more effective in reducing depmnebsio no
treatment, and the antidepressant effects of exercise were compauthbleaf
psychotherapy and medication. Nevertheless, Brosse et al. (2002) notedsthat it
uncertain whether combining exercise with standard treatments produaédditive
effect. The authors recognized its promise, however they concluded that “if the
prescription of exercise for MDD required approval from the FDA, it probably would not
pass current standards” (Brosse et al., 2002, p. 754).

While Brosse et al. (2002) specifically looked at depression, Landersrantd A

(2001) took a much broader view of mental health. In addition to examining the
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antidepressant effects of exercise, Landers and Arent (2001) also noteseéxer
potential benefits to cognitive functioning, anxiety, stress reactivity, dhdsgeem. In
particular, exercise had beneficial effects on depression for all typesple, varying in
gender, fitness, activity level, physical health, and depressive statuzisexed
especially large benefits to clinical patients who were moderately teebedepressed,
as well as individuals who were initially unfit. Similar to other revietickas, Landers
and Arent (2001) note the equal benefits for aerobic and resistance exerhikethé/e
was some evidence for a dose-response relationship, there appeared todtwhl thre
effect for the antidepressant effects of exercise to occur.

In addition to qualitative reviews, quantitative meta-analysis has alsaibeérto
summarize the literature on physical activity and depression. Somenayases have
included only randomized controlled trials, while others have included studies of lesse
quality. Lawlor and Hopker (2001) analyzed 14 randomized controlled trials, and found
a large effect size of 1.1. All the studies used an adult population, and many of the
studies used the BDI as their measure of depression. In addition to thefiacgsizé,
the authors found that across studies, BDI scores decreased by approxievately s
points. Despite these strong findings, Lawlor and Hopker (2001) concluded that it w
not possible to determine the effectiveness of exercise in the managemenessidepr
due to methodological weaknesses in the studies examined. Some of the methodological
weaknesses mentioned include a lack of follow up, adequate concealment, intention to
treat analysis, and blinding. In addition, Lawlor and Hopker (2001) recommended that a
dichotomous measure of depression be used to better assess clinical eglasdnis is

more clinically meaningful than change scores on the BDI.
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A more recent meta-analysis calculated an effect size of 1.42, indieatiery
large effect for exercise interventions relative to control conditions (iaihau,
Powers, Berry, Smits, & Otto, 2006). To be included in the meta-analysis ssivete
required to use an inactive control group and focus on affective disorders asaaneoutc
Among the included studies, the frequency of exercise varied from twice tone&sr
per week. The duration varied from 20 to 45 minutes, and the intensity ranged from
unspecified to 70-85% of maximal heart rate. Stathopoulou et al. (2006) found that
although more recently published studies were associated with higherseféestit
would require over 350 unpublished null findings to reduce the overall effect size to
nonsignificance. When aerobic and anaerobic exercise were compareddtioegre
depression equally. When exercise was examined in combination with standard
treatments such as pharmacotherapy or psychotherapy, there was lititmatdenefit

from combining treatments.

Opposite Temporal Sequence: Changes in Depression Precede Changes in Exercise

While studies examining exercise as a causal factor are plentifulotion that
depression may influence exercise habits has been examined less frequeetiilythi3
is because depression is a characteristic of an individual, and cannot be mechgailat
easily as exercise behavior. Research subjects can be assigned toduglewels of
exercise, but they cannot be assigned to high or low levels of depression. Even though
most longitudinal studies have looked at depression as an outcome, a few have

investigated the possibility that depression could reduce or inhibit exerdisefeWw
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studies that have done so have generally looked at psychosocial correlasrsiséex
behavior.

One study that did examine depression as a factor affecting phydicay avas
only able to do so using cross-sectional data, and was therefore unable to draw
conclusions about causation (Kaplan et al., 2001). In addition to examining a wide
variety of demographic, psychological, and physical factors in relatioretcisg, the
researchers overtly sought to determine if individuals experiencingegteaels of
psychological distress were less likely to engage in physigaitgctThe National
Population Health Survey was used to collect data from older individuals in Canada. A
six-item version of the Generalized Distress Scale (GDS) was use@$s agmptoms of
anxiety and depression. The frequency of moderate-intensity physigdlyacas also
measured, provided that the activity occurred in bouts lasting 15 minutes or more.
Subjects who exercised at least three times per week were claasifredjuent
exercisers, while those who participated in less physical activity vegegorized as
infrequent. Results indicated that psychological distress was assodidteideveased
physical activity for both men and women. However, the use of cross sectional data
merely confirms the known inverse association between exercise and wephess
cannot be used to infer causal relationships between them.

Other researchers have examined exercise in the context of overdll healt
behavior, where depression can lead to an unhealthy lifestyle in genekal¢bul
Sherwood, Perry, Neumark-Sztainer, & Story, 2004; see also van Gool, Kempen,
Penninx, Deeg, Beekman, & van Eijk, 2003). Fulkerson et al. (2004) looked at

depression in relation to a variety of health-compromising and health-pngmoti

43



behaviors in a sample of adolescents, focusing on eating and nutritional ifactors
addition to physical activity and sedentary behavior. A modified version of the Godin
Leisure Time Exercise Questionnaire (GLTEQ) was used to assessaphygsivity, and
strenuous and moderate responses were summed to give a moderate-to-vigorgus activit
score. Weekend and weekday television viewing were used to assess sedbataoy.be
Results indicated that depressive symptoms were negatively associatethygical
activity for males, but not females. Females in the moderate-depregsiptos group
spent significantly more time watching television than those in the low or higassem
symptom group. Aside from physical activity, adolescents who reported moresi\epres
symptoms were less likely to engage in health promoting behaviors, such as eating
regular meals. Depressive symptoms were also linked with the use of egarett
marijuana, alcohol, and other drugs. Although the study provided evidence for an
association between depression and an unhealthy lifestyle, its cross-$ectiorea
precluded conclusions about causation.

Building off the cross-sectional data linking depression and unhealthy liestyle
longitudinal studies investigating these variables have been undertaken. Aslpart of
Longitudinal Aging Study Amsterdam (LASA), individuals aged 55-85 weredaakeut
a variety of health behaviors, including physical activity, over a period gksiss (van
Gool et al., 2003). Depression was measured by the CES-D scale, and a scoresof 16 wa
used as the cutoff for depression. Initial categorization (depressed or nasédpend
change scores were used in the analysis. Physical activity wagrateasminutes per
day of various types of exercise and household chores. Physical activityamas t

dichotomized into the lowest quartile, representing a sedentary lifestyleéhe upper
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three quartiles, representing an active lifestyle. Longitudinal aralf¢ine data showed
that those with emerging depression (individuals who were not initially degrbss
who were depressed at follow-up) were significantly more likely to adopt ataegle
lifestyle. Those whose initial depression remitted tended to become moreapifaysic
active. Despite these results, van Gool et al. (2003) noted that “the inference of
depression being a risk factor for simultaneous physical inactivity cannctdbe’ ((p.
85). In addition to its relationship with exercise, clinically relevant demeesgmptoms
were associated with other indicators of an unhealthy lifestyle, suchoiéng behavior
and excessive alcohol use.

The previous three studies were unable to draw causal inferences due to the use of
cross-sectional data or because of concurrent changes in exercise assialeprehe
longitudinal analysis. Perhaps the strongest evidence towards the idegpthssida
influences exercise comes from a study utilizing a cardiac populatiom @lial., 2007).
Depression is relatively common in the first year after a myocardaictnén or other
coronary event, yet its treatment can be more complicated in this populationebefcaus
underlying medical issues. Drawing from the literature linking depresasidicardiac
events, Allen et al. (2007) noted that adherence to medical treatmenbelagvéoral
mechanism potentially linking the two. While adherence to diet and medication is
important, the researchers focused on depression’s effects on exercieaeelh€@ne of
the study’s goals was to determine whether depression immedidagzlhaspitalization
predicted exercise and fitness 12 months later, and whether the predictte @ffe
depression and perceived behavioral control were independent of each other.

Approximately 600 subjects were recruited into the study during hospitalizatian f
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coronary syndrome event. Prior to discharge from the hospital, depression 8as@sse
using the Hospital Anxiety and Depression Scale (HADS). Items pertainingitiya

were not relevant to the study and excluded from analysis. At the 12 month follow-up,
exercise was measured using the GLTEQ, and subjects were askedi&tkegking
regular exercise. Fitness was measured using a 6 minute walk test, BAdDBavas
administered again. Results of logistic regression analysis showed tregsi@piprior

to hospital discharge reliably predicted fithess and physical actwig} L2 months later.
However, depression assessed at the 12 month follow-up was a much stronger correlate
of fitness and activity level than initial depression. While this could be due to e tim
difference between assessments, initial depression may predict ftivity 8ecause it
predicts future depression. Interestingly, the predictive effectspoésigon remained
when clinical cases were excluded, indicating that even low levels of diepres
symptoms could negatively influence exercise behavior (Allan et al., 2007 )auttas
concluded that perceived behavioral control and depression independently predict
physical activity and fitness 12 months after hospitalization from a coremany.

In summary, the literature examining depression as a factor influencisgg@hy
activity is less plentiful and of lesser quality research than the reseanufy that
antidepressant effects of exercise. Because depression is a vanddleedtto an
individual, it cannot be experimentally manipulated to observe its effects onadhysic
activity. In the absence of true experiments, more longitudinal resezeds to be
conducted before ruling out this possibility. In addition, many of these studies us

exercise in conjunction with other indicators of a healthy lifestyle. Whideg a
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worthwhile area of research, it would also be helpful to focus on the direct effects of

depression on exercise, without other health behaviors.

Other Possibilities

The evidence supporting exercise as a causal factor in the reduction skoepre
symptoms is plentiful, while the evidence for depression playing a calsas sparse.
However, there are some studies that do not overtly adopt either of these viewpoints i
their investigation of exercise and depression. One such inquiry looked at psedliictor
early dropout and treatment failure in an exercise and medication intervention for
depression (Herman, Blumenthal, Babyak, Khatri, Craighead, Krishnan280a).
Psychological factors such as anxiety and life satisfaction were [wed€treatment
dropout and failure, regardless of initial treatment group. However, sevkrity
depression, as measured by HAM-D score, did not predict treatment dropout. The
severity of depression did, however, contribute to the prediction of treatmeng failhe
overall dropout rate for patients in the exercise groups was relativel28%)(and did
not differ markedly from the dropout rate for those receiving medication odgaue
attrition rates for exercise are typically much higher, Hermah €@02) remarked that
“clinicians familiar with the often profound motivational deficits and low eperg
exhibited by depressed patients may wonder why the dropout rates fosexeecapy
were not higher” (p. 559). These types of comments give insight into the relationship

between exercise and depression that statistical analysis alone caxgroiseE
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interventions may be highly effective at reducing depression, but only if indisidith
depression are willing and able to undergo an exercise program.

In addition to statistical analysis, the feasibility of exerciseathefor individuals
with depression was also studied using qualitative methods. Specificallyithe
motives and barriers to exercise in a depressed population were examined (RRaulkne
Biddle, 2004). Six clients with clinical depression were used as a convenience gampl
the research. All of them had been referred to a local fithess center lyrauniy
mental health team, where they were then recruited into the study. All hadethe sol
diagnosis of clinical depression, and all were taking antidepressant nedidaach
individual participated in five semi-structured interviews over the coursgedra In the
end, three types of profiles were shown in regards to exercise adherence:ahe initi
enthusiast, the late starter, and the regular attendee. The initial enthssthite
referral to the fitness center as a start towards becoming more atttng weight
control and other health reasons as motives for attending. Even after six weeks, the
initial enthusiast went to the fitness center to relieve boredom and get out of the house
However, employment issues later took priority over attendance atrtbssfitenter.
Despite the lack of attendance at the center, the initial enthusiast contrreathin
active in other ways. The slow starter showed almost the exact opposite pattetimef
initial enthusiast. For the slow starter, initial attendance was minimaidyeased
throughout the year. Initially, the slow starter was hesitant to use avaitaiie support
and experienced a lack of confidence in her ability to use the fitness certesughl a
sense of achievement was noted for the slow starter, the lack of confidencelin socia

situations was a pervasive barrier. The regular attendee also cited ¢ackidence and
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social anxiety as barriers to attending the fitness center, although it dicbhddifpthe
regular attendee from visiting the center several times a weelk(eadl Biddle, 2004)

As a whole, all three profiles found in qualitative research viewed exasse
coping strategy in the recovery from depression, rather than treatment forsit. Thi
concurs with experimental work by Bartholomew et al. (2005), a singleisxession
was viewed as a potential coping strategy for dealing with the dailys@iedepression,
rather than treatment per se. Initially, all participants in Faulkner afddeBs (2004)
study mentioned structure and distraction as motives for initiation of exehaise.
addition, a sense of accomplishment was mentioned by all subjects, even though this was
relatively transient. Distraction and mastery have been widely noted asigdote
psychological mechanisms for the antidepressant effect of exercismugli there are
many other psychological and physiological mechanisms explaining thepratigant
effects of exercise, a complete discussion of them is beyond the scope of this pape
Many of the barriers to physical activity mentioned by the participarfaulkner and
Biddle’s (2004) study were not vastly different from barriers for nonclipogllations.
Life events also influenced the subjects’ exercise habits. Despitewzeeress of the
benefits of exercise, there were times when participation was difficwdllfsubjects.
While depressive symptoms sometimes made it difficult to exercise, ottesr it was
life events that took priority. While some exercise intervention studies shiew litt
dropout, this is likely to be markedly different from exercise undertaken by thalse
community (Faulkner & Biddle, 2004).

Qualitative research, such as the study by Faulkner and Biddle (2004), provides

detail about individual experiences with exercise and depression that many guantita
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studies cannot. However, the two approaches provide complementary information about
the relationship between exercise and depression. Cross-lagged pandiaoisetame
guantitative method used to study the relationship between exercise and depression
without adopting an initially strict view of cause and effect. Prior to thigrelsgroject,

a group of Japanese researchers used a cross-lagged panel design in conjunction with
structural equation modeling to investigate age differences in the relationshgebetw
exercise and depression (Fukukawa, Nakashima, Tsuboi, Kozakai, Doyo, Niino, et al..,
2004). The subjects consisted of approximately 1100 middle-aged and older individuals,
and two years elapsed between measurements. A Japanese translaf@&3-b was

used to measure depressive symptoms on at both time points. To measure usual physical
activity, subjects wore a pedometer for 7 days, and the number of steps wastaverage
While walking steps and depressive symptoms remained relatively stalvlg thei

follow-up period, the results of the cross-lagged analysis showed that those whi walke
more at baseline experienced fewer depressive symptoms at follow upyladytio the

older group (age 65-79). However, this was not the case for middle aged adults (age 45-
64). Fukukawa et al. (2004) reasoned that walking was more strenuous exelrttise

older adults, suggesting that age and fitness should match the intensity cfestaarci

optimal antidepressant effects. While strengths of the study included sdangée size

and the use of objective physical activity measures, it was limited capevghat weak

(but still statistically significant) antidepressant effect ofreise. While the model

predicting depression from baseline physical activity was the besbdielnvhen

structural equation modeling was applied, all models used fit the data well. By

examining the strength of the temporal relationships between depression iamkeexe
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Fukukawa and colleagues (2004) inferred that walking has a protective effestagai
depression in older, but not necessarily middle-aged, individuals.

In summary, most of the research concerning exercise and depression focused on
the notion that changes in exercise precede changes in depression. There angsnumer
exercise intervention studies and meta-analyses that adopt this viewpoint, and
mechanisms for the presumed causal effect have been proposed, most of which are
beyond the scope of this paper. However, a much smaller body of literature has
investigated the opposite causal pathway, where depression influencesedxads
Both viewpoints can be helpful in explaining the relationship between exercise and
depression, and some qualitative and quantitative methods can be used to infer which

cause-and-effect relationship plays the greater role.
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Chapter 3. Methods

Subjects

The subjects consisted of students enrolled in various kinesiology classes at the
University of Maryland, College Park. Most of these students were enmollagye,
lecture-style classes, but some were taking smaller, activityllzaseses. The particular
classes surveyed include the following: a general sport psychology course, atfeuppe
sport psychology course, a circuit training class, and two tennis cladsese classes
contain students majoring in kinesiology, as well as non-majors. The ciasgeged
had combined rosters of approximately 260 students. The sample was not chosen to
reflect the characteristics of the general population in the College Rarknar is it a
representative sample of all students enrolled at the university. Howevexeticese
habits of these students were believed to be extremely diverse, with stinmg e
physical activity and others exercising frequently. The perceive@ r@nghysical

activity was believed to be beneficial for analysis.

Variables and Instrumentation

Because this study aims to study the cause-and-effect relationshgebetw
exercise and depression, strict interpretations of independent and dependélds/as
cause and effect cannot be used. However, due to the preponderance of literature

suggesting exercise as the presumed cause of reduced depressiormr ssaretsas the
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independent variable in this study. On a conceptual level, exercise can be defingd a
physical activity performed with the intent of changing the capacityeobbdy to do
work. The broad term “exercise” includes various dimensions, such as the duration,
frequency, intensity, and type of exercise.

Exercise was measured using the Godin Leisure-Time Exercisedueste
(GLTEQ). The GLTEQ is a self-report instrument that measures actishjisual
physical activity, and a copy of the questionnaire can be found in Appendix A. It asks
about the frequency with which an individual performs various mild, moderate, and
vigorous activities during a typical week, provided that each activity is pextbinm
bouts of> 15 minutes. From this information about frequency and intensity, it then
produces a physical activity score. The formula for the physical gcindre is as
follows: Activity Score = (9 * Strenuous) + (5 * Moderate) + (3 * Mild). Higher ssore
are indicative of a high volume of physical activity. Reliability for the&trnument is
acceptable, as the total score has a test-retest reliability of .62-.8tdoiepen the time
interval used. The validity of the instrument is fair when compared to a Cadtiraity
monitor, NASA, and Baeke questionnaires (.45, .54, and .61 respectively). The portion
of the questionnaire devoted to strenuous physical activity was shown to be vadighat t
< .05 level when measured against tests of M@x and body composition (Godin and
Shephard, 1997). It is important to keep in mind that the Godin questionnaire is a
measure of exercise behavior, not a measure of fitness. It is thereferegpraging that
the portions of the questionnaire devoted to moderate and light activity were not

significantly correlated to VO2max, a measure of aerobic fitness.
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Depression, on a conceptual level, is the extent to which a person shows
symptoms of the illness. As mentioned previously, these symptoms include a low mood,
a loss of pleasure or interest in usual activities, and other cognitive, affectd/eomatic
symptoms. On an operational level, depression was measured using the second edition of
the Beck Depression Inventory (BDI-Il). Like the original BDI, thelBDaims to
measure the presence and severity of depression in depressed and nonedepresse
adolescents and adults. The BDI-Il is a 21-item self-report instrumeng \stikjects are
asked to report the severity of various depressive symptoms on a scale of 0-3. Scores on
individual items are summed to produce a total score, with higher scores ualafati
more severe symptoms. A copy of the BDI-II can be found in Appendix A.

The test-retest reliability of the BDI-Il was .96 when students sgdielp from a
university counseling center were given the questionnaire before treantkdtring
their first visit one week later (Sprinkle, Lurie, Insko, Atkinson, Jones, Logah, et
2002). In addition, split-half reliability estimates in this study rarfgad .91 to .93,
indicating a high reliability for this instrument. Another study found the internal
consistency of the BDI-Il to be .91 (Dozois, Dobson, and Ahnberg, 1998). The validity
of the BDI-Il is also high. When compared to a structured interview by clinjcians
students’ BDI-1l scores were strongly correlated (.83) to the number qitegm shown
in the clinical interview (Sprinkle et al., 2002). When compared to the original BDI, the
correlation between the BDI and the BDI-Il was .93 (p < .01), although scores on the

BDI-II were significantly higher (Dozois et al., 1998).
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Design

Cross-lagged panel correlation was used to examine the strength of the temporal
relationships, which could then be used to make causal inferences about the association
between exercise and depression. While a true experiment would be best to rule out
alternative variables, experiments require the use of random assignmentrgpalatian
of variables. This is problematic with many psychological constructs, leeaaus
researcher cannot randomly assign subjects to varying levels of depressimughAl
cross-lagged panel correlation is not an experimental design, it can be tisedriables
that cannot be experimentally manipulated. This quasi-experimental designitates
the use of two variables, in this case exercise and depression, measured aitsia poi
time. From this, six correlations are calculated: two autocorrelationsyhebrenous
correlations, and two cross-lagged correlations (Kenny, 1975). This is graphically
represented in Figure 1.

Cross-lagged panel correlation depends on the use of two assumptions to test for
spuriousness: synchronicity and stationarity. If the two variables underastidy
measured at the same time, then the assumption of synchronicity is met. However,
retrospection, or asking subjects about past behavior, can be problematic when
synchronicity is assumed. This study addressed the problem of retrospeaigindg
measure of typical physical activity, rather than activity performed ipaseweek or
month. Some might consider retrospection a problem with using the BDI-II, sinks it as
respondents to describe their feelings in the previous two weeks. However, this two
week time interval is inherent to the DSM-IV definition of depression. Even though the

guestionnaire asks about the respondents’ feelings in the previous two weeksyremeas
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depression levels at the time of survey administration. Therefore, deprassion a

exercise were assessed at the same points in time.

Y|

Figure 1: Graphical representation of the cross-lagged panel correlatind.¥X a
represent the variables and 1 and 2 representing the times. The autocorrelations
are indicated by the top and bottom of the square, while the synchronous
correlations are shown as the left and right sides. The cross-lagged iomselat
are found in the middle of the box. (Kenny, 1975)
The assumption of stationarity is met when the causal processes betweem the tw
variables do not change over the course of the measurements. Stationdatgdstoe
the stability of the variables, measured by the autocorrelation. Howelslifysrefers
to the lack of change of the empirical values of the variables, while statyareders to
the lack of change of the causes of a variable. If the synchronous coneki equal,
this is considered evidence of stationarity. If the two assumptions of synctyranidi

stationarity are met, then the values of the cross-lagged correlatiansaanaed to infer

the dominant causal relationship (Kenny, 1975).

56



Data Collection Procedures

Students completed the surveys at two time points separated by approximately
one month. In no class did the time lag vary from one month by more than four days.
This time frame was chosen because it allows enough time for the exeabiss and the
depressive status of individuals to change yet it is short enough to minimize problems
with follow-up. For each distribution, students were asked to complete the GLTEQ a
the BDI-Il. To reduce problems with nonresponse, surveys were distributed during
regular class meeting times during the semester. In addition, consesitierm
included in the first round of data collection. The subjects read and signed the consent
form, then completed the two surveys. The consent form included with the first round of
surveys can be found in Appendix B. In the second round of data collection, only the two
surveys were included. To protect the students’ identities, student idertificatnbers
assigned by the university were used to track responses from one round ofldeti@col
to the next. The procedures used were approved by the Institutional Review Bbard at t

University of Maryland- College Park before any data collection began

Statistical Analysis

Descriptive information, such as the standard deviations and means, were
calculated for each of the variables at each time point. Cronbach’s alphaE@51)
calculated to determine the interitem reliability of the BDI-II andGloelin
guestionnaires. Pearson correlation coefficients were also calcidatddpossible
combinations of variables and time points. This includes the autocorrelationsriosexe
and depression, the stationary relationships between exercise and deptdsssetire

and follow-up, and the two cross-lagged correlations. Each correlation was oested f
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significance using a one-tailed t-test because the direction of @a$se@ould be
predicted from the literature.
Pairs of correlations were then compared using a modification of the Pearson-
Filon test (1898). This test is designed to test for significant differencssdretwo
nonoverlapping correlations from a single sample, and it is frequently usedsn cros
lagged panel correlation analysis. Although the original Pearson-Filcstistestistill
used, Steiger (1980) modified the statistic by transforming the originalaons into
Fisher’s z-scores. Raghunathan, Rosenthal, and Rubin (1996) demonstrated the
superiority of this ZPF statistic, gaining accuracy without losing poBecause of this,
the ZPF statistic was used to compare the two autocorrelations, the two synchronous
correlations, and the two cross-lagged correlations. Since neither Mideaseftnor
other available statistical software calculates this statisti@as calculated by hand using
the equations listed in their article (Raghunathan et. al. 1996). For ease oicefénie
equations are also included here. Equation 3 gives the full formula for calcttegting
ZPF statistic, where k is given by Equation 2.
k = (f’u ?'341"14)(3”;4 - 1’341"2_1)
+ (riz — rara)(raa — rir)
+ (ri2 — riara)(ras — riarg)

+ (ris — ?'Hf"'_u}(-"zd. — f'u":_‘-): (2)

- Z "'Z's
7PF - N-3 (Zys 2) ,

2
o k 3
\/ T S
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Chapter 4: Results

Initially, 214 students from various kinesiology classes completed theofinsd r
of surveys. Of these 214 originally surveyed, 178 were available for the one month
follow-up analysis, giving an adequate response rate of 83.1%. Because 36 of those
originally surveyed were not available for follow-up analysis, the infoonaibtained
from those individuals was not used in any of the statistical analysis tloatg$olThe
effective sample size for this study was therefore 178. Kenny (1979) renadachusing
a moderate sample size, defined as 75-300 subjects, in order to obtain adequate power for
the test. Since the sample size used in this study falls within that rangeydiibas
adequate power according to Kenny’s recommendations, and a more thorough power
analysis will not be undertaken.

Table 1 shows the means and standard deviations for the GLTEQ and the BDI-II,
at both the baseline and one-month follow-up. Table 1 also includes other descriptive
information at both time points. As expected, this student population showed a wide
range of physical activity, with scores varying from 0 to 178 at baseline andio® at
follow-up. While some students performed no physical activity in their leisueg
others were highly active. Although there was a large range of phgsioaty,
depression scores were more homogenous. Depression scores varied from 0 to 28 at
baseline, and from 0 to 23 at follow-up. Mean depression scores were low
(approximately 5 at both time points), suggesting that a majority of studeater

depressed. This was expected since a clinical sample was not used.
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Table 1: Descriptive Statistics for Exercise and D@ession at Time 1 and Time 2

N Minimum | Maximum| Mean Mode Median | Std. Deviation
Ex1 Total 178 0 178 62.34 43 60 27.844
Depl Total 178 0 28 5.07 0 3 5.064
Ex2 Total 178 0 495 65.61 43 61 43.901
Dep2 Total 178 0 23 4.92 0 3 5.39(
Valid N 178

Table 2: Internal Consistency

Cronbach’s N of Items
Alpha
Exercise, Time 1 491 4
Depression, Time 1 .868 21
Exercise, Time 2 .701 4
Depression, Time 2 .896 21

Cronbach’s alpha was used to calculate the interitem reliability foraabe
measures used, and this can be found in Table 2. The interitem reliability was above .70
for both administrations of the BDI-II, as well as the final administration oGibdin
guestionnaire. Table 3 shows the complete correlation matrix for the variables, and
Figure 2 represents this information visually. A one-tailed t-test was aisktiermine
statistical significance because the direction of the relationships coulddietguierom
existing literature. Both autocorrelations were positive and signiljcdifterent from
zero,p < .01. The synchronous correlation at baseline was significantly different from
zero,p < .05, while the synchronous correlation at follow-up approached signifigance,
=.090. The cross-lagged correlation linking initial exercise with lateedsion also

approached significancp,= .059. The cross-lagged correlation linking initial depression
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with later exercise was not significantly different from zero. Thelsymous
correlations and cross-lagged correlations were all negative, indicatingeasd
relationship between exercise and depression. While the direction of thésasklps
was expected, given the existing literature on the subject, the magnitude of thi
relationship was smaller than anticipated. Despite the amount of liteshtueng an
inverse association between exercise and depression, the synchronousarsrelati

obtained here were small, in the range of -.10 to -.15.

Table 3: Correlation Matrix

Ex1 Total| Depl Total| Ex2 Total | Dep2 Total

Ex1 Total  Pearson Correlation 1.00( -136 449" -.117

Sig. (1-tailed) 036 .000 058

Depl Total Pearson Correlation -136 1.004 -.077 729

Sig. (1-tailed) 036 155 000

Ex2 Total  Pearson Correlation 449" -.077 1.00 -.101

Sig. (1-tailed) .000 .155 .090

Dep2 Total Pearson Correlation -.117 729" -.101 1.00(
Sig. (1-tailed) 059 .000 .090

*, Correlation is significant at the 0.05 level iled).

**_Correlation is significant at the 0.01 leveldiled).

Pairs of correlations were then compared using the modified Pearson-Filon
statistic suggested by Raghunathan and colleagues (1996). A two-tailed tasedas
since the direction of these differences was not predicted by the existiatyuliée
Results of the modified Pearson-Filon test are shown in Table 4. There wadieasigni
difference between the two autocorrelations, ZPF = -44%401. No significant

differences were found between the synchronous correlations, ZPF = -(p46183.. In
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addition, the cross-lagged correlations were not significantly different fectm @her,

ZPF =-0.4599p = .65.

E1 449 E2?

-.136 -.101

D1 729 D2

Figure 2: Visual display of the correlation matrix. The two autocorremtoa
shown on the top and bottom of the square, and are significantly different from
each other. The two synchronous correlations are on the left and right, for
baseline and follow-up respectively. These are not significantly diffénamnt

each other. The cross-lagged correlations are shown in the middle, and are not
significantly different from each other.

Table 4: Results of the Pearson Filon Test

ZPF p value

Autocorrelations (E1E2 vs D1D2) -4.174 <.01

Synchronous correlations (E1D1 vs E2D2)| -0.4619 | .64

Cross-lagged correlations (E1D2 vs E2D1) -0.4599 | .65
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Chapter 5: Discussion

Although the present study was not designed to test solely for the existence of a
relationship between exercise and depression, a small but significant iassos&tion
was shown at baseline between the variables. This association fell belowshelthre
for statistical significance at follow-up. However, results of the modiearson-Filon
test showed no differences in the synchronous correlations from baseline teupllow
The magnitude of the relationship between exercise and depression was small, likel
because of the population under study. While many studies showing an association
between exercise and depression use clinically depressed populations, this one used a
nonclinical sample of college students. Depression scores were generallygknd|ess
of exercise habits. Because of this, a stronger association may be seeplas séth

more variable depression scores.

Assumptions of Test

To interpret the results of the cross-lagged panel correlation analysis, the
assumptions of the test must be considered. The assumption of synchronicity was met
because exercise and depression were measured at the same pointsThismas
ensured through the selection of the measures used, to avoid problems with aggregation
and retrospection.

Stationarity is another assumption of the cross-lagged panel correlatign,desi
and indicates stability in the causal processes occurring betweenaberatevariables.

A lack of change in the synchronous correlations from the first to the seconpktiine
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is considered evidence of perfect stationarity. Results of the modifiedR<¢alen test
showed no significant differences between the two synchronous correlationatimggic

that the assumption of stationarity was satisfied. In addition, statiorsaggnerally not

met during period of rapid developmental growth, or when the time intervals used are
long. This was not the case during this research, as a one month time intervaldvas use
on adult subjects.

Because the two assumptions of synchronicity and stationarity were enet, th
strength of the temporal relationships can be used to make causal inferenvesrd§s-
lagged correlation linking initial exercise with later depression is sagmifly larger than
the other cross-lagged correlation, one can infer that exercise is thetaedections in
depression due to the temporal sequence of the variables. However, results of the
modified Pearson-Filon test showed no significant differences in the aggsd
correlations. Because of this, one should not reject the null hypothesis that $he cros
lagged correlations are equal. The lack of statistically significanteliftes can be

explained by several factors, and gives rise to multiple interpretations tihdings.

Explanation of Null Findings

Despite meeting the assumption of stationarity and showing that the causal
processes underlying the relationship between the variables are siab&diability of
the measured variables can affect the causal inferences drawn frorathéntiritem
reliability, measured by Cronbach’s alpha, was acceptable for thesdepreneasure at
both time points, and also for the exercise measure at follow-up. However, interitem

reliability was relatively low for the exercise questionnaire aeliae. There are several
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potential explanations for this finding. First, the Godin questionnaire is only aéour-i
instrument, and interitem reliability tends to be higher when more items assess
construct. In addition, it is a very global measure of exercise, ultimagefssing the
volume of physical activity. It incorporates many different components ekercise
routine, such as frequency and intensity. It is very plausible that an individual could
participate in frequent bouts of light activity, while not performing anystras
exercise. The responses to questions on mild and strenuous exercise are likelgry
different in this scenario, yielding a low correlation between items omstr@ment.
However, this merely explains why the exercise questionnaire has ar&iability in
general when compared to the depression measure. It does not explain wherilaé int
consistency of the GLTEQ was low for the first, but not the second round of data
collection. It could simply be that exercise is a highly variable behaverhaps
students had more balance between mild, moderate, and strenuous activitiescanthe se
testing, while they predominantly performed one type of exercise atrimaseli

Because of the low internal consistency of the GLTEQ at baseline, the
autocorrelation of the exercise measure was significantly lower thiaof thee
depression measure. Kenny (1975) noted that in situations where the variables had
different reliabilities, the one with the lower reliability would appedné the cause,
while the variable with the higher reliability would appear to be the eftdetthen
suggested a method to correct for changes in reliability. However, thedriet
suggested cannot be used in this analysis because the calculation of rel&lmbty
requires the use of three or more variables. Because of the lower relafititiey

exercise measure employed in this study, exercise would be seen assthefazhanges
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in depression if a significant difference in the cross lags occurred. Sincdarerdiés in
the cross-lagged correlations were found, it is possible that the effects fSil@piEn
future exercise habits are stronger than observed here. The failure toigndicasit
difference between the cross lags could be attributable to the lowligliabthe
exercise questionnaire.

In addition, the stationary relationships between exercise and depression are
weak, in the range of -.10 to -.15. Previous research on cross-lagged panel aorrelatio
analysis suggests that moderate to large correlations, 0.3 and above, typizhityore
meaningful results (Kenny and Harackiewicz, 1979). Large correlationséetive
variables also increase the power of the test. Therefore, the lack of eargnif
difference in the cross lags could also be attributed to the weak associatiearbe
exercise and depression in this sample. The association between exerciseessibtepr
may be stronger in a population with clinical depression, or a population that is not as
physically active as college students.

Another explanation for the findings is a lack of statistical power. Since cross-
lagged panel correlation is a low power test, it is possible that the differem@ehdhe
cross-lagged correlations was too small to be detected with this modenate sie.

The lack of power could be due to the low synchronous correlations between exercise and
depression. The low reliability of the exercise measure used also @ésdfeapower of

the test. In addition, it may also have a more direct effect in that it coulddb@engnéhe

true differences in the cross lags. Although power could be increased by mgtéasi

sample size, it is not believed that the sample size by iéelfl(78) was too small to

ensure adequate power.
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A fourth interpretation for the lack of significant differences betwherctoss-
lagged correlations is that the one month time interval used may not be sensitive to
changes in depression. While exercise was variable during this time psrsbohven by
the autocorrelation of .449, depression was much more stable. The time interval used
may have been too short to allow for changes in depressive symptoms. However, this
same time interval has been used successfully in studies using similar maglgpdol
population, and measures (Golin, Sweeney, & Shaeffer, 1981). In addition, using such a
short time interval avoids the problems of other longitudinal research, where ¢hadim
is often too long to account for the intermittent nature of depression. The timedag use
this study did not allow for individuals to recover, only to have a new episode of
depression during the time of the study. In longitudinal studies, where the tilse lag
often measured in years, it is much more probable that an individual could recover from a

bout of depression, relapse, and recover once again.

Interpretation of Findings

Because statistically significant differences were not found legiwe cross-
lagged correlations, the null hypothesis of equal cross lags cannot be rejected. This
generally interpreted as a spurious relationship between the variabés, no causal
relationship exists. However, there are other valid interpretations for thdswg$.

While the relationship between exercise and depression may indeed be spurious, the
results of experiments by other researchers indicate other possibllities. critique of
cross-lagged correlation, Rogosa (1980) pointed out that the difference taltitieyf

the variables can offset the true difference in the cross-laggedatiomsl In essence,
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the different reliabilities of the variables can mask differences inrthes-lagged
correlations. In this situation, equal cross-lagged correlations could be consigtent
unequal causal effects. This particular interpretation offered by Rogosartanlg be
applied to this study, as the reliability of the exercise measure wsdhadifferent
from the depression measure. If this is the case, then it is likely that depiess a
stronger causal influence than what is demonstrated here, because the stabdity of
exercise measure was less than the stability of the depression measure.

In addition to spuriousness and masking, reciprocal causation is another
interpretation of the data. Reciprocal causation would give rise to largd e#fasts in
both directions, and the magnitude of these causal effects may or may not be equal.
Rogosa (1980) also asserts that equal cross-lagged correlations can sigmiénth
equal causal effects, or large and unequal causal effects. The possibditipodcal
causation cannot be ruled out using cross-lagged panel correlation analysig, ihbeca
ruled out using experimental methods. However, it remains a viable alternatve, a
could explain why no dominant pathway emerged. The possibility of reciprocal
causation is an avenue for further exploration.

In summary, the data do not clearly indicate one dominant cause-and-effect
pathway. While it cannot be concluded that exercise causes changes isidepres
symptoms, neither can it be concluded that depression causes changes ai physic
activity. The association between exercise and depression could, in fegtrimelis and
not causal in nature at all. However, the more likely scenario is one of retiproca

causation, where exercise decreases depression, which in turn increaszd pbiygity.
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Comparison With Other Research

This study is rather unique in that it takes a non-experimental approach. Perhaps
because of this, it draws different conclusions from the experimentatuite on
exercise and depression. Exercise intervention studies often conclude tbisedgehe
cause of reductions in depression, regardless of the specific exergsprsed. The
results of this study are more in line with the mixed results from longitudirdies
examining exercise and depression.

One particular study that used cross-lagged panel correlation came tantiffere
primary conclusions about the nature of the exercise-depression relationship (Frakuka
et al., 2004). However, many similarities arose when the data was compaeed m
closely. Although they used similar methodology, different measures aisxeand
depression were used on a dissimilar population of middle aged and elderly Japanese
individuals. While a self-reported measure of physical activity was used isttialy,
Fukukawa et al. (2004) measured the participants’ steps per day using a pedamet
more objective assessment of physical activity. The time lag used isttieyrwas two
years, much longer than the one month used here. They determined that exertise was
cause of reductions in depression in adults aged 65-79. However, it should be noted that
all the causal models used in the Japanese study fit the data relativelAlteugh the
model predicting depression from prior walking behavior fit the best, other causal
pathways were also a good fit for the data. The finding that multiple caadalsiit
their data falls in line with the research presented here, where no dominseit ca
relationship was found. In addition, their finding that exercise was the cause of

reductions in depression was only true for the older age group, and not for adults aged
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40-64. Because of the age difference found in their study, it is possible that the students
surveyed in this research were too young to show the same effect. Onéolimitat
mentioned in the study by Fukukawa et al. (2004) was that the antidepressamfeffec
exercise, as shown by the cross-lagged correlation linking initial egexaih later
depression, was relatively weak at -0.11. However, that result is vergrsimthe
cross-lagged correlation found in this study, at -0.117. Although the correlations
obtained are very similar, the findings of Fukukawa et al. (2004) werdistdlys
significant while the correlation found here was not. Most likely, their |ageple size

(N = 1151) resulted in greater power, therefore giving them the ability éctdshaller
differences. It is not known what magnitude of difference is thought to beadlynic
meaningful, as this is not the same as statistical significance. Althougbritlassons
drawn here are not an exact match to those of Fukukawa and colleagues, thargyare m

similarities in the data.

Limitations

There are several limitations to the current study. First, the retyadilthe
exercise measure was low (one month test-retest reliability of .449, Cnimblgha of
491 and .701 at baseline and follow-up, respectively). The GLTEQ was chosen because
of its simplicity and ease-of-use. In addition, it is very short, only 4 items, argl take
minimal time to complete. A more detailed assessment of physical gctivity as a 3
day diary, could provide more comprehensive information about the types of exercis

performed. Since the Godin questionnaire is a subjective self report instrungent, i
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therefore prone to bias. The use of objective physical activity measures, such as
accelerometers or pedometers, would decrease this bias. Because isitta/subj
measure, it is likely that students would classify similar activitieg aéferently, since
there are few specifications of what is considered “mild,” “moderate,” @gdrous.”
For example, a highly fit student might classify walking 4 mph as light actwthile a
less fit student might classify that same activity as “moderateVen “vigorous.” If a
three day diary was used, the intensity of the exercise could be classtitediag to
standardized MET values, and then objectively sorted into categories based onflthe ME
value of the exercise. Furthermore, it might have been difficult for selijeotcall
episodes of mild exercise, since they require minimal effort and often atenght of
as “exercise” at all. Finally, the GLTEQ only captures activitygrered in an
individual’s leisure time. It does not include other forms of physical &gctstich as
transportation or employment-related activity. For instance, students alk@mbike
for transportation would not include this in their total activity, as its prirpargose is
not to improve the body and it doesn’t occur during a person’s free time.

Aside from the exercise questionnaire, another limitation of this study is the
population used. The sample of college students selected was not intended to be
representative of the general population or representative of all college stuglesittes
not being able to generalize the results, the population used was also a captive audience.
Because the surveys were distributed during normal class meeting tinmgstdar
semester, it is unknown how truthfully students answered the questionnaires. ibnaddit
the population used may not be the best for showing the relationship between exercise

and depression. Since Fukukawa and colleagues (2004) were able to show that exercise
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caused changes in depressive symptoms for elderly, but not middle-aged tagdults, i
possible that the lack of significant findings in this study is due to the age of the
participants. College students are typically healthy young adults, andooitet ot

expect high levels of depression in this population. With the population used, the modal
response to the BDI was zero and the median score was 3, indicating that mest of t
students were not depressed. Since depression scores in this population were low
regardless of exercise habits, this weakened the association betwetseexed

depression. The use of a clinical population would give rise to more varied depression
scores, and would allow for more improvement of depression scores over time. This
could strengthen the association between the variables.

A third limitation of this study is the small synchronous correlations between
exercise and depression. A moderate to large correlation between gaftéb8and
above) is best for interpreting the results of cross-lagged panel correlatiomvétothe
correlation between exercise and depression was small in this study,andkeeof -0.10
to -0.15. While the synchronous correlation was statistically significdoatsatine, it
was not significant at follow-up. While this could be due to the sample size, it more
likely reflects the weak association between exercise and depressianpoyhiation.
Using a different exercise measure to improve the reliability, as wsllidging a
different population, would likely strengthen the association between exaruis
depression. In turn, this would improve the power of the test to detect differences in the
cross-lagged correlations.

Finally, the study was limited by the time constraints of the acadehmolsgear,

as well as the calendar year. Students were initially surveyed atginaibg of the
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semester, where the workload was relatively light. At the follow-up ssees, the
workload for most of the students had increased, and many of them had major
assignments and exams around the time of the follow-up. While this was unlikely to
bring any individual from perfectly normal to highly depressed, it could have influenced
the BDI scores by a few points. In addition, students were surveyed during Septembe
and October. At the follow-up assessment, the temperature was colder and therdays
shorter than at baseline. Again, this seasonal effect could influence depresssroy

a few points, but would be unlikely to have a major impact in such a short time frame.

Conclusions and Suggestions for Further Research

Further research needs to be done concerning the relationship betweeseexerci
and depression. Although many exercise intervention studies show that exausise c
changes in depression, these types of studies cannot test for the podsatitigpression
influences physical activity habits. In addition, experimental studies digrtake place
in a laboratory setting, which does not always mimic real-world conditions. eFutur
studies should use a longitudinal approach, using real-world observations to supplement
the existing experimental literature. Methods that do not make causal assismipt
front need to be used more frequently. Particularly, the use of cross-lagged panel
correlation has had mixed results when applied to the relationship betweesegarti
depression. More studies using this methodology need to be completed, using a variety
of populations and exercise measures. Additionally, the possibility of regiproc

causation needs to be studied in further detail. Qualitative research, suclwaskthg
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Faulkner and Biddle (2004), would give more detailed insight into the possibility of
reciprocal causation. More complex means of path analysis could also be undertaken.

In conclusion, the data did not indicate that exercise caused reductions in
depression in a sample of college students. In fact, the data did not support one particular
causal model over another. This is in contrast to the plentiful experimental shadies t
show exercise to be the cause of reductions in depression, but falls in line witlxélde mi
results of longitudinal studies. More research needs to be done, especially absarvati
studies that do not make initial causal assumptions. The notion of reciprocal causation

warrants further investigation.
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Appendix A: Surveys

UID #:
Please do NOT include your name or any other identifying information on thiQfage
on the attached version of the Beck Depression Inventory. Use ONLY your UID #.

Godin Leisure-Time Exercise Questionnaire

1. 1. During a typical 7-Day period (a week), how many times on the average do you do the
following kinds of exercise for more than 15 minutes during your free time (write on each line the
appropriate number).

Times Per
Week

a) STRENUOUS EXERCISE

(HEART BEATS RAPIDLY)

(e.g., running, jogging, hockey, football, soccer,

squash, basketball, cross country skiing, judo,

roller skating, vigorous swimming,

vigorous long distance bicycling)
b) MODERATE EXERCISE

(NOT EXHAUSTING)

(e.g., fast walking, baseball, tennis, easy bicycling,

volleyball, badminton, easy swimming, alpine skiing,

popular and folk dancing)
c) MILD EXERCISE

(MINIMAL EFFORT)

(e.g., yoga, archery, fishing from river bank, bowling,

horseshoes, golf, snow-mobiling, easy walking)
2. 2. During a typical 7-Day period (a week), in your leisure time, how often do you engage
in any regular activity long enough to work up a sweat (heart beats rapidly)?

OFTEN SOMETIMES NEVER/RARELY

1 - 2. " 3. "
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Beck Depression
Inventory

V 0477 CRTN:

Name:

CRF number:

Occupation:

Baseline

Page 14

patient inits:

Date:

Marital Status: Age: Sex:

Education:

Instructions: This questionnaire consists of 21 groups of statements. Please read each group of statements carefully, and
then pick out the one statement in each group that best describes the way you have been feeling during the past two
weeks, including today. Circle the number beside the statement you have picked. If several statements in the group
seem to apply equally well, circle the highest number for that group. Be sure that you do not choose more than one
statement for any group, including Item 16 (Changes in Sleeping Pattern) or ftem 18 (Changes in Appetite).

1. Sadness
0 Ido not feel sad.
1 Tfeel sad much of the time.
2 Iam sad all the time.
3 Iam so sad or unhappy that I can’t stand it.

2. Pessimism
0 Iam not discouraged about my future.

I feel more discouraged about my future than I
used to be.

I do not expect things to work out for me.

I feel my future is hopeless and will only get
worse.

3. Past Failure
0 Ido not feel like a failure.
1 Ihave failed more than I should have.
2 AsIlook back, I see a lot of failures.
3 Ifeel I am a total failure as a person.

4. Loss of Pleasure

0 I get as much pleasure as I ever did from the
things I enjoy.

I don’t enjoy things as much as I used to.

2 I get very little pleasure from the things I used
to enjoy.

3 Ican’t get any pleasure from the things I used
to enjoy.
5. Guilty Feelings
0 Idon’t feel particularly guilty.

I feel guilty over many things I have done or
should have done.

2 Ifeel quite guilty most of the time.
I feel guilty all of the time.

6. Punishment Feelings
0 Idon’tfeel I am being punished.
1 Ifeel I may be punished.
2 Iexpect to be punished.
3 Ifeel I am being punished.

7. Self-Dislike
0  Ifeel the same about myself as ever.
1 Ihave lost confidence in myself.
2 I am disappointed in myself.
3 Idislike myself.

8. Self-Criticalness
0  Idon’tcriticize or blame myself more than usual.
1 1am more critical of myself than I used to be.
2 Icriticize myself for all of my faults.
3 1 blame myself for everything bad that happens.

9. Suicidal Thoughts or Wishes
0 Idon’t have any thoughts of killing myself.

1 I have thoughts of killing myself, but I would
not carry them out.

2 I would like to kill myself.
I would kill myself if I had the chance.

10. Crying
0 Idon’t cry anymore than I used to.
1 Iecry more than I used to.
2 Icry over every little thing.
3 Ifeel like crying, but I can’t.
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Beck Depression Baseline
Inventory
V0477 CRTN: CRF number: Page 15 patient inits:
11. Agitation 17. Irritability

0 Iam no more restless or wound up than usual.
1 Ifeel more restless or wound up than usual.

2 Iam so restless or agitated that it’s hard to stay
still.

3 I am so restless or agitated that I have to keep
moving or doing something.

12. Loss of Interest
0  Thave not lost interest in other people or
activities.

I Tam Jess interested in other people or things
than before.

2 I have lost most of my interest in other people
or things.

3 It's hard to get interested in anything,

13. indecisiveness
0 I make decisions about as well as ever.

I find it more difficult to make decisions than
usual.

2 Ihave much greater difficulty in making
decisions than I used to.

3 Ihave trouble making any decisions.

14. Worthlessness
0 Idonot feel I am worthless.

1 don't consider myself as worthwhile and useful
as [ used to.

2 Ifeel more worthless as compared to other
people.

3 Ifeel utterly worthless.

15. Loss of Energy
0 Ihave as much energy as ever.
1 [have less energy than I used to have.
2 Idon't have enough energy to do very much.
3 Idon’t have enough energy to do anything.

16. Changes in Sleeping Pattern

0 Ihave not experienced any change in my
sleeping pattern.

la
1b
2a
2b
3a
3b

1 sleep somewhat more than usual.
1 sleep somewhat less than usual.
I sleep a lot more than usual.
1sleep a lot less than usual.

I sleep most of the day.

I wake up 1~2 hours early and can't get back
10 sleep.

0 1am no more irritable than usual.

1 Tam more irritable than usual.

2 I am much more irritable than usual.
3 Iam imritable all the time.

18. Changes in Appetite

0 I'have not experienced any change in my
appetite.
My appetite is somewhat less than tsual.
My appetite is somewhat greater than usual.
My appetite is much less than before.
My appetite is much greater than usual.
I have no appetite at all.
I crave food all the time.

la
1b
2a
2b
3a
3b

19. Concentration Difficulty
0  Icanconcentrate as well as ever.
I can't concentrate as well as usual.

2 It's hard to keep my mind on anything for
very long.

3 Ifind I can’t concentrate on anything.

20. Tiredness or Fatigue
0 I am no more tired or fatigued than usual.
1 1 get more tired or fatigued more easily than

usual.

2 Iamtoo tired or fatigued to do a lot of the things
I used to do.

3 Iamtoo tired or fatigued to do most of the
things I used to do.

21. Loss of Interest in Sex

0  Ihave not noticed any recent change in my
interest in sex.

1 Iamless interested in sex than I used to be.
2 | am much less interested in sex now.
3 Ihave lost interest in sex completely.
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Appendix B: IRB Consent Form

Page 1 of 3
Initials Date
CONSENT FORM
Project Title Causal Relationship Between Exercise and Depression
This is a research project being conducted by Dr. David Andrews

Why is this and Ginny Scott at the University of Maryland, College Park. We
research being are inviting you to participate in this research project because ypu
done? are currently enrolled at the University of Maryland:he purpose

of this research project is to clarify the relationship between
exercise and depression. Specifically, does exercise reduce
symptoms of depression? Or, are individuals experiencing
symptoms of depression less likely to exercise? This knowledg
could be used to enhance the current treatments for depression.

D

What will | be The procedures involve completing surveys about exercise and
asked to do? depression on two separate occasions. These surveys are expected
to take less than 15 minutes to complete. The first survey you will
complete is the Godin Leisure-Time Exercise Questionnaire. I this
survey, you will be asked to describe the frequency with which you
perform different types of activity during a typical week. For
example, you might be asked questions such as “During a typigal 7
day period (a week, in your leisure time, how often do you engage
in any regular activity long enough to work up a sweat (heart beats
rapidly)?” The second survey you will be asked to complete is the
Beck Depression Inventory-Il. You will be asked to report the
severity of any current symptoms of depression, such as guilt,
sadness, or changes in sleeping patterns.

What about We will do our best to keep your personal information confidentjal.
confidentiality? To help protect your confidentiality, completed surveys will be
stored in a locked file cabinet, and only the researchers will have
access to the locked storage. The information collected during this
study will be numerically coded, and your name will not be
identified at any time. In addition, the responses will be destroyed
after the results are published or a period of 2 years has elapsed. If
we write a report or article about this research project, your
identity will be protected to the maximum extent possible. Your
information may be shared with representatives of the University of
Maryland, College Park or governmental authorities if you or
someone else is in danger or if we are required to do so by law
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Page 2 of 3
Initials Date

Project Title:

Causal Relationship Between Exercise and Depression

What are the risks
of this research?

There may be some risks from participating in this research study. R
to the subjects will be minimized by keeping survey responses coafid
While there are no physical or legal risks by completing the surveys,
may feel uncomfortable answering certain questions in regards to the
symptoms of depression. Specifically, you may feel fearful or embari
when asked about sensitive information, such as feelings of sadness
thoughts of death. You might feel stigmatized if others knew your
responses to survey questions, but your responses will remain
confidential. In addition, there may be risks that are currently
unforeseeable at this time.

What are the
benefits of this
research?

This research is not designed to help you personally, but the results 1
help the investigator learn more about the relationship between exerg
and depression. We hope that, in the future, other people might bene
from this study through improved understanding of the causal nature
this relationship. This information will be used to enhance the curren
knowledge of treatments for depression.

Is any medical
treatment available
if lam injured?

The University of Maryland does not provide any medical, hospitalizat

or other insurance for participants in this research study, nor will the
University of Maryland provide any medical treatment or compensatic
for any injury sustained as a result of participation in this research sty
except as required by law.

isks
enti
you

assed
or

nay
is
fit
of
[

on,

n
dy

Do | have to bein
this research?

May | stop
participating at any
time?

Your participation in this research is completely voluntary. You may
choose not to take part at all. If you decide to participate in this reseg
you may stop participating at any time. If you decide not to participat
this study or if you stop patrticipating at any time, you will not be

penalized or experience negative consequences from your decision.
grade in any class will not be impacted by your decision to participate
this study.

arch,
ein

Your
in
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Page 3 of 3
Initials Date

Project Title

Causal Relationship Between Exercise and Depression

What if | have
guestions?

This research is being conducted by Dr. David Andrews,
Department of Kinesiologwat the University of Maryland, College
Park. If you have any questions about the research study itself
please contact Dr. Andrews at: 2359 SPH Building, Dept. of
Kinesiology, College Park, MD 20740; office (301) 405-2474; er
dla@umd.edu You may also contact Ginny Scott at: 2132 S
Building, Dept. of Kinesiology, College Park, MD 20740;
email gscott2@gmail.camf you have questions about your
rights as a research subject, please conthwgtitutional Review
Board Office, University of Maryland, College Park, Maryland,
20742; (e-mailirb@deans.umd.edy (telephone) 301-405-0678
This research has been reviewed according to the University of
Maryland, College Park IRB procedures for research involving
human subijects.

nail
PH

Statement of Age
of Subject and
Consent

Your signature indicates that:
you are at least 18 years of age;
the research has been explained to you;
your questions have been fully answered; and
you freely and voluntarily choose to participate in this research
project.

Signature and
Date

NAME OF SUBJECT

SIGNATURE OF SUBJECT

DATE
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