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Problem: Despite calls for physical activity (PA) to be prescribed to individuals with Bipolar Disorder (BD)
as a means of improving physical and mental health there has been no systematic review of the potential
health risks and benefits of increased PA for individuals with BD. This paper presents the first such
review.
Method: Systematic searches of six databases were conducted from database inception until January
2009, using a range of search terms to reflect both PA and BD. Studies were subsequently considered
eligible if they reported on quantitative studies investigating the effect of PA upon some aspect of
physical or mental health in individuals with BD.
Results: Of the 484 articles retrieved, six studies met the inclusion criteria.
Discussion: Few studies have considered how PA may impact on the physical and mental health of people
with BD. Nevertheless existing studies do suggest that physical activity interventions may be feasible and
have a role in promoting mental health in this population. We discuss methodological, practical and
ethical challenges to research in this area, and outline three research questions that future work should
seek to address.
Conclusions: Research into the efficacy and safety of PA as an intervention in BD is required to support the
development of detailed, population-specific guidelines.

� 2009 Elsevier Ltd. All rights reserved.
Bipolar Disorder (BD) has a lifetime prevalence rate of around 2–
6% in Europe and North America (Judd & Akiskal, 2003; Merikangas
et al., 2007; Regeer et al., 2004; Szadoczky, Papp, Vitrai, Rihmer, &
Furedi, 1998). In many cases BD involves repeated episodes of
illness spanning many years (Daly, 1997). Significant levels of
affective symptoms during inter-episodic periods are common
(Judd et al., 2003), whilst episodes of both mania and depression
frequently cause great disruption and distress. In addition to the
emotional, interpersonal, social and economic burden imposed by
the condition itself, there is evidence to suggest that BD is associ-
ated with an increased risk of physical health problems such as
obesity, circulatory disorders, cancer, and diabetes mellitus (e.g.
BarChana et al., 2008; Carney & Jones, 2006; Elmslie, Silverstone,
Mann, Williams, & Romans, 2000; Fagiolini, Frank, Scott, Turkin, &
Kupfer, 2005; Lin, Tsai, & Lee, 2007; Regenold, Thapar, Marano,
Gavireni, & Kondapavuluru, 2002). This increased comorbidity has
been ascribed to multiple factors including, but not limited to, the
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psychological and physiological sequelae of childhood adversity,
poor health behaviours associated with the depressive and manic
phases of BD, the effects of pharmacological treatment of BD, and
disturbances in the hypothalamic-pituitary-adrenal axis (McIntyre
et al., 2007). In addition to having a direct impact upon mortality
and quality of life, in some cases the presence of a comorbid
physical disorder may be associated with a worse course of BD
(Fagiolini, Kupfer, Houck, Novick, & Frank, 2003).

There are at least four epidemiological studies that have
examined physical activity prevalence among individuals with
bipolar disorder. Two epidemiological studies have found reduced
levels of physical activity (PA) in individuals with BD. Elmslie,
Mann, Silverstone, Williams, and Romans (2001) examined self-
reported physical activity provided by 89 individuals with a diag-
nosis of BD according to DSM-IV criteria, recruited from psychiatric
clinics in New Zealand. Participants were required to be currently
euthymic with no current major physical illness. Data were
compared with a reference group of 445 individuals, matched for
sex and age group, and selected randomly from a national database
of members of the community. Rates of high and low-to-moderate
activity were significantly lower in individuals with BD compared
with the reference group. Kilbourne, Rofey, and McCarthy (2007)
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analysed data collected in 1999 from veterans diagnosed with BD
(n ¼ 2032) or schizophrenia, or from a randomly-selected group of
individuals with no serious mental illness who had received care as
part of the United States Veterans Affairs health care system in
1999, and had completed a health survey. Consistent with the
findings of Elmslie and colleagues, individuals with BD were
significantly less likely to report engaging in regular exercise,
defined as walking three or more times per week for at least
20 min, or engaging in strength exercises three or more times
a week for at least 20 min. The authors suggest that poor exercise
habits in individuals with BD may be exacerbated by the disruptive
effects of different phases of the disorder, namely increased likeli-
hood of a sedentary lifestyle during depression, and non-adherence
to treatment programmes, which may include exercise pro-
grammes, during manic phases. In addition they noted that
compared with individuals with no serious mental illness, indi-
viduals with BD were less likely to report being provided with the
opportunity to discuss diet and exercise with their clinician, which
may reflect time constraints during appointments and a lack of
knowledge amongst clinicians of medical risks in this population.

The findings of a cross-sectional and prospective study, con-
ducted in Germany, suggest that decreased levels of PA may post-
date the onset of BD. Strohle et al. (2007) examined PA in 2548
individuals recruited from the community and aged between 14
and 24. Higher rates of psychiatric disorder, specifically anxiety
disorders, somatoform disorders or dysthymia, were found
amongst individuals reporting low rates of PA. However at four year
follow-up, risk of onset of BD (n ¼ 18) was increased in those who
reported engaging in exercise at baseline, relative to those who
reported no exercise. The findings of this aspect of the study are
limited by the small number of participants who went on to
develop BD, however the authors suggest that this association may
reflect shared vulnerability to onset of BD and the propensity to
engage in increased exercise in late adolescence or early adulthood.

Finally, Cairney, Veldhuizen, Faulkner, Schaffer, and Rodriguez
(2009; see this issue) examined data pertaining to diagnosis and
levels of PA gathered as part of a Canadian national survey. They
found no differences in the proportion of individuals characterized
as active, moderately active or inactive among individuals with BD
(n ¼ 831), major depressive disorder or the general population.
Overall, findings from epidemiological studies appear inconsistent
as to whether individuals with bipolar disorder are as active, less
active, or even more active than individuals with no psychiatric
diagnosis. This may be due to distinct sampling variations in the
existing research.

Regular PA confers multiple benefits in terms of physical health,
including reduced risk of coronary heart disease, stroke, hyperten-
sion, diabetes and some forms of cancer. It can also improve mood
and performance on daily tasks (Department of Health, 2004; U.S.
Department of Health and Human Services, 1999) and may also
reduce depressive symptomatology (Larun, Nordheim, Ekeland,
Hagen, & Heian, 2006; Lawlor & Hopker, 2001; Mead et al., 2009).
Guidelines have been produced for the treatment of depression
using PA as an adjunctive therapy, for example the National Institute
for Health and Clinical Excellence (NICE) in the United Kingdom
have recommended PA as an intervention for individuals with mild
unipolar depression, and individuals with BD who are currently
experiencing depressive symptoms (NICE, 2006, 2007). Both the
American Psychiatric Association (2004) and NICE (2006) recom-
mend PA to mitigate against weight gain in individuals with severe
mental illness or BD, in keeping with calls made by a number of
researchers in the field (Basu et al., 2004; Keck & McElroy, 2003;
McElroy et al., 2002; Morriss & Mohammed, 2005; Wildes, Marcus,
& Fagiolini, 2006). However, it has been recognised that the
evidence base underpinning the recommendation of PA to
individuals with BD or serious mental illness for mental health
benefits is lacking (Barbour, Edenfield, & Blumenthal, 2007;
Richardson, Faulkner, et al., 2005). As acknowledged by NICE (2006),
the assertion that PA represents a potential means of reducing
bipolar depression is based upon studies that investigate unipolar
depression primarily. Such studies tend to exclude individuals with
BD, or make no distinction between diagnostic groups beyond
identifying current depression. Likewise, many studies that yield
information about the use of PA by individuals with serious mental
illness test samples that are heterogeneous in terms of diagnosis
(e.g. Archie et al., 2007; Ball, Coons, & Buchanan, 2001; Littrell,
Hilligloss, Kirshner, Petty, & Johnson, 2003; Vreeland et al., 2003).

In summary, there is reason to believe both that PA has the
potential to impact favourably upon both physical and mental
health in individuals with BD, and that levels of PA may be reduced
in at least some subpopulations of individuals with BD. However
studies that can inform about potential advantages and disadvan-
tages of PA in BD are limited in number and often investigate
serious mental illness rather than BD specifically. Systematic
reviews of the evidence constitute a clear first step towards
developing interventions to promote mental health through
physical activity (Faulkner & Taylor, 2009). Here we report the
results of the first systematic review that aims to address
the following research question: what are the effects of PA on the
physical and mental health of individuals with BD? Our secondary
aim was to identify key questions to be addressed by future
research studies in this area, and to articulate the methodological
and practical challenges these studies face.

1. Method

1.1. Literature search

Searches were conducted across a number of electronic data-
bases for the period from database inception until January 2009.
The databases searched were: The Cochrane Library, PUBMED,
CINAHL, EMBASE, PSYCHINFO and SPORTDISCUS. Secondary sour-
ces and review articles were scanned, and the National Research
Register of controlled trials was also searched for information on
current or recently completed trials.

The search strategy was developed to maximise the sensitivity
of article identification. It used both controlled vocabulary (e.g.
Medical Subject Headings [MeSH]) and key words ($ denotes
a truncated search term): ‘‘exercise or physical activity or physical
fitness or strength training or tai chi or isometric or yoga or resis-
tance training or endurance training or walk$ or callisthenic$ or
calisthenic$ or weight training or weight lifting or jog$ or run$ or
swim$ or sedentary or anti-sedentary or motion sensor or accel-
erometer or pedometer’’ and ‘‘bipolar disorder or bipolar illness or
bipolar depression or bipolar affective disorder or bipolar I or
bipolar II or mania or manic or hypomania or hypomanic
or cyclothymia or cyclothymic or hyperthymia or hyperthymic or
affective psychosis or bipolar manic disorder or psychotic mania’’.
Selection of key words was informed by examination of search
terms listed in prior, published, systematic reviews carried out in
the areas of BD or PA.

1.2. Study selection

Studies were considered eligible if they were quantitative
studies investigating the effect of physical activity upon some
aspect of physical or mental health in individuals with BD. BD was
defined as including Bipolar I Disorder, Bipolar II Disorder, cyclo-
thymia and Bipolar Disorder not otherwise specified. In order to
ensure that the findings of the studies were relevant to BD in
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particular, studies that included individuals with non-Bipolar
diagnoses and did not report findings in relation to separate diag-
nostic categories were excluded. No language restrictions were
applied in the selection of studies.

Two reviewers (KAW and ESEH) independently carried out
study selection based upon study abstract, or upon study title
where it was not possible to obtain the abstract, using the above
criteria. Selections were compared, and where there was
a discrepancy between the two reviewers the abstract in question
was examined by the third reviewer (AHT) and consensus reached.

2. Results

A total of 484 titles, abstracts or full papers were retrieved. Of
these, six were found to report quantitative studies examining the
effect of physical activity upon some aspect of physical or mental
health in individuals with BD: two were studies of chronic PA as
a therapeutic intervention in BD, two investigated the effects of
acute PA upon serum lithium levels in individuals with BD, and two
investigated physical responses to an acute session of PA. None
were adequately powered randomised controlled trials. Key
features of the six studies identified are summarised in Table 1.

2.1. Studies of chronic physical activity

Two studies reported on PA as a therapeutic intervention in BD.
The first, an unpublished doctoral dissertation (Edenfield, 2007, as
cited in Barbour et al., 2007), tested eight individuals with Bipolar I
or II Disorder, recruited opportunistically from a North American
community. Regular exercisers, defined as those who carried out
three sessions of at least 30 min of structured exercise per week,
were excluded, as were individuals with thought disorder,
psychotic disorder, or alcohol or substance dependence. The
intervention tested was Exercise Prescription (EP), which was
compared to Standard Behavioural Activation (SBA) within a rand-
omised cross-over design. EP involved eight walking sessions
lasting 30 min each, spaced over a two week period. In the SBA
condition 30 min sessions of chosen sedentary activity were
prescribed in the place of the walking sessions. Outcomes were:
physiological and subjective reactivity to a laboratory stressor,
indexed by post-stressor change in skin conductance and rating on
the Profile of Mood States (POMS: McNair, Lorr, & Droppleman,
1971); self-reported daily mood and stress level; symptoms of
depression and mania, measured using the Beck Depression
Inventory – II (BDI-II: Beck, Steer, & Brown, 1996) and the Altman
Scale for Rating Mania (ASRM: Altman, Hedeker, Peterson, & Davis,
1997), coping reactions, measured using the brief COPE (Carver,
1997), and level of daily hassles reported, measured using the
Survey of Recent Life Events (Kohn & Macdonald, 1992). Interpre-
tation of findings was complicated by ‘over-compliance’ with the
PA intervention, such that exercise behaviour increased even in
those participants initially assigned to the SBA condition. Never-
theless descriptive statistics indicated that regular PA, whether
prescribed by the researcher or self-initiated, was associated with
an overall decrease in depression symptoms and decrease or no
change in mania symptoms post intervention.

The second study (Ng, Dodd, & Berk, 2007) examined 98
admissions to an Australian psychiatric inpatient unit, represent-
ing 49 individuals with a diagnosis of Bipolar Disorder, irre-
spective of subtype or index episode. The intervention was
a ward-based walking group in which some of the individuals
studied had elected to participate. Walking took place for
approximately 40 min up to five times per week, and participants
determined their own exercise intensity. Comparisons were made
between 24 admissions in which the patient attended the walking
group and 74 in which the patient chose not to. Outcomes were:
clinician ratings of severity and improvement, measured using the
Clinical Global Impression Severity (CGI-S) and Improvement
(CGI-I) scales (Guy, 1976); patient ratings of depression, anxiety
and stress, measured using the Depression Anxiety Stress Scales
(DASS, Lovibond & Lovibond, 1995). Whilst the two groups did not
differ in clinician ratings at discharge, attendance of the walking
group was associated with significantly lower scores on all three
subscales of the DASS.

2.2. Studies of acute physical activity

Two studies investigated the possibility that PA may have
deleterious effects upon mental state in some individuals with BD
due to its potential to affect blood serum levels of lithium.
Lithium, in the form of lithium carbonate or lithium citrate, is
commonly prescribed to individuals with BD as both an acute and
a prophylactic treatment. Norman, Mathews, and Yohe (1987)
tested a physically healthy, regularly exercising male with a diag-
nosis of Bipolar I Disorder and who was prescribed lithium
carbonate on an ongoing basis. The intervention was a 5 mile run.
Outcomes were: serum lithium level post run and the following
morning, and sweat lithium ratio during the run. Serum lithium
level was found to decrease by 0.2–0.3 mEq/1 post run and
remained lowered the following morning. Analysis of sweat
collected during the run revealed a serum to sweat lithium ratio
of 1:3. Carroll, Pinnick, and Whitaker (1998) tested two males
aged 61 and 31 who were in moderately good physical condition,
had been diagnosed with BD, and had both been using lithium for
more than five years. The intervention was treadmill exercise at
4–4.5 miles an hour for 90–120 min which, for one participant,
was repeated five months later. Outcomes were serum lithium
levels and lithium excretion in urine and sweat after exercise. The
amount of lithium lost was found to be equivalent to one 100 mg
capsule, less than 10% of the daily ingested dose. The authors
concluded that decreased urinary secretion and decreased total
amount of lithium secreted in urine may compensate for lithium
lost in sweat.

Hays et al. (2008; Hays, 2007) tested 26 individuals with Bipolar
I or II Disorder according to DSM-IV (American Psychiatric Associ-
ation, 2000) recruited from a North American outpatient pop-
ulation. The intervention was 20 min of treadmill-based exercise at
70% age-predicted maximal heart rate. Outcomes were: self-
reported wellbeing and level of the hormone Dehydroepian-
drosterone Sulfate (DHEAS) post exercise. DHEAS is a precursor of
the adrenal steroid Dehydroepiandrosterone (DHEA), which is
released in response to stress. It has been hypothesised that
enhancing DHEA levels may lead to increased feelings of wellbeing,
although few studies have tested the proposed causal relationship.
It has also been hypothesised that increases in DHEA and DHEAS
mediate the relationship between acute PA and increases in well-
being. Hays and colleagues found significant increases in both
DHEAS level and self-reported wellbeing post exercise, but no
significant correlation between the degree of change in the two
variables.

Shah et al. (2007) tested 14 individuals with euthymic Bipolar I
Disorder and 10 individuals with no self-reported history of mood
disorder or psychosis. The intervention was treadmill-based exer-
cise at 70% maximum predicted oxygen consumption, continued
until exhaustion. Outcomes were: cardiac response to exercise,
indexed by diastolic and systolic volume and left ventricular ejec-
tion fraction, and duration of exercise before exhaustion. No
measure was taken of mood response to exercise. Whilst the two
groups did not differ in terms of cardiac response to exercise,
duration of exercise before exhaustion was reduced in the BD group.



Table 1
Details of 2 chronic and 4 acute exercise studies meeting inclusion criteria.

Author Methods Participants Intervention Dependent variables Results Limitations

Studies of Chronic PA
Edenfield

(2007).
Combined series
cross-over (ABACA,
ACABA) and
interaction (ABABA,
ACACA) single-
participant.

N ¼ 8 adults with DSM-IV Bipolar I
or II Disorder. Ages 26–55, 1 male.

1.Exercise ¼ 8 sessions of 30 min
walking over 2 weeks.
Control ¼ Standard Behavioural
Activation (SBA): 8 sessions of
30 min sedentary activity over 2
weeks.

1. Physiological and subjective reactivity
to stressor.

2. Perceived daily mood and stress levels.
3. Depressive symptoms (BDI-II).
4. Manic symptoms (ASRM).
5. Coping strategy use.
6. Perceived daily hassles.

Results confounded by increased
physical activity in all conditions.
However descriptive statistics
indicated decrease in depression
symptoms and decrease/no change
in manic exercise post intervention
across the sample as a whole.

Small number of
participants limits
generalisability of
findings.
Contamination of
SBA condition by EP
condition.

Ng et al. (2007). Retrospective
cohort study with
A-B design.

Admissions to inpatient unit with
primary diagnosis of ICD-10 Bipolar
Disorder.
N¼ 98 admissions (across 49
patients).
Mean age ¼ 44 years, 15 males.

Intervention ¼ participation in
walking group: 40 min walking,
intensity determined by
participant, up to five times weekly.
Comparison ¼ non-participation.

1. Clinical global impression severity
(CGI-S).

2. Clinical global impression – improve-
ment (CSI-I).

3. Scores on subscales of the Depression
Anxiety Stress Scales (DASS).

CSI-S: no between-groups differ-
ence at time 2.
CSI-I: no between-groups differ-
ence at time 2.
DASS – Sig between-groups differ-
ence at time 2 on total (Cohen’s
d ¼ 0.82) and on all three subscales
(Depression: d ¼ 0.57; Anxiety:
d ¼ 0.92; Stress: d ¼ 0.76).

Self-selection of
participants into
study conditions.
Analysis was not
intention-to-treat:
excluded those
who chose to
attend walking
group but did not
attend regularly.

Studies of acute exercise
Norman et al.

(1987).
Single uncontrolled
case-study.

N ¼ 1 male aged early 20s, healthy
experienced runner, diagnosis of
Bipolar I Disorder, currently
prescribed lithium carbonate.

Single 5 mile run outdoors,
temperature 9 �C.

1. Serum lithium level after intervention.
2. Concentration of lithium in sweat

collected during run.

Serum lithium level decreased by
0.2–0.3 mEq/1 post run and
remained lowered the following
morning.
Serum to sweat lithium ratio
calculated as 1:3.

Carroll et al.
(1998).

Uncontrolled case-
study.

N ¼ 2 males aged 61 and 31 in
moderately good physical
condition. Diagnosed with BD by
clinical judgment, using lithium for
more than 5 years.

Treadmill exercise at 4–4.5 mph for
1.5–2 h.
Case 1: two sessions five months
apart.
Case 2: one session only.

1. Mg Li2CO3 lost in sweat.
2. Serum lithium after exercise.
3. mEqLiþ in urine after exercise.

Amount of Li lost equivalent to one
100 mg capsule (less than 10%
dose).
Decrease in serum lithium level of
0.04–0.07 mEq/1 during exercise.
Decreased urinary secretion and
decreased total amount of lithium
secreted in urine may compensate
for lithium lost in sweat.

Shah et al.
(2007).

Between-groups
AB.

N¼ 24 (14 individuals with Bipolar I
Disorder clinically assessed as
euthymic, 10 controls reporting no
mood disorders or psychosis), mean
age ¼ 41.3 and 37.7, 14 males.

Treadmill exercise at 10% gradient,
at 70% maximum predicted oxygen
consumption. Duration until
exhaustion.

1. Duration of exercise.
2. Diastolic volume post exercise.
3. Systolic volume post exercise.
4. Left ventricular ejection fraction.

Exercise duration significantly
shorter in BD group (d ¼ 0.47).
No significant between-group
differences in electrocardio-
graphical variables.

Hays et al.
(2008).

Within-
participants AB.

N ¼ 26 individuals with DSM-IV
Bipolar I or II Disorder, mean age 42
years, 13 males.

Treadmill exercise for 20 min at 70%
age-predicted maximal heart rate.

1. Dehydroepiandrosterone
Sulfate (DHEAS) level post exercise.

2. Self-reported wellbeing post exercise.

Significant increase in DHEAS level
post exercise.
Significant increase in wellbeing
post exercise.
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3. Discussion

Of the six studies identified by our review, only two investigated
the potential of PA as a therapeutic intervention in BD. Whilst the
results of these two studies were consistent with a beneficial effect
of PA in terms of decreasing symptoms of depression, anxiety and
stress, methodological limitations constrain the generalisability of
their findings. The larger study (Ng et al., 2007) explored the
outcomes of a walking group delivered as part of inpatient care, and
is the first and only published investigation of the effects of a PA
intervention versus inactivity in BD. As the authors note, the study
did not use a randomised design, and had a small sample size.
Furthermore, due to the naturalistic nature of the study, the phase
of the illness during which walking took place was not controlled,
and there was no objective or subjective measure of total PA other
than recorded attendance at walking sessions.

In the following sections we discuss the methodological, prac-
tical and ethical challenges in conducting research into the effects of
PA on BD. We then offer some recommendations for future research,
followed by recommendations for clinical practice.

3.1. Challenges in research into physical activity
and bipolar disorder

We divide challenges faced by research into the impact of PA
upon BD into three overlapping categories: issues related to the
population being studied; issues related to the intervention being
studied; and determination of appropriate and meaningful
outcomes.

3.1.1. With whom should research be conducted?
In terms of psychiatric diagnosis, three main dimensions are of

particular relevance to the design of PA intervention studies: the
subtype of BD; the phase of BD; and the presence of comorbid
difficulties. DSM-IV (American Psychiatric Association, 2000)
recognises four subtypes of BD: Bipolar I Disorder, Bipolar II
Disorder, Cyclothymia and Bipolar Disorder not otherwise specified.
The boundaries of these subtypes are an issue of debate in terms of
their validity both between individuals and within individuals
across time. Nonetheless amongst those individuals who receive
a diagnosis of BD, there exist substantial differences in terms of
symptom pattern and course, and these differences will have
implications for the likely targets of PA as an intervention. For
example, subsyndromal symptoms, typically depressive, are more
common in individuals with Bipolar I Disorder relative to individ-
uals with Bipolar II Disorder (Joffe, MacQueen, Marriott, & Young,
2004), and therefore psychosocial or PA interventions for Bipolar I
Disorder may need to include techniques aimed at improving levels
of mood, motivation and energy between major affective episodes.

The design and conduct of PA research must accommodate the
multiplicity of affective states that individuals with BD can expe-
rience, including mania, hypomania, mixed affective states,
depression, and euthymia. First, if a PA intervention aims to reduce
symptoms, the intervention must be informed by an understanding
of the processes by which these symptoms are maintained, and this
is likely to differ between phases. Therefore separate lines of
research are needed to investigate PA as an intervention for bipolar
depression, versus, for example, PA as an intervention to attenuate
the onset of hypomania. These should be complimented and
informed by basic research into key maintenance processes that
may be influenced by PA. Second, trials of chronic PA as an inter-
vention must anticipate that participants will move between pha-
ses of BD, often with little warning, and must account for this in
their design. For example, researchers and participants could
discuss in advance the possibility of fluctuations in motivation and
energy level leading to under (or over) compliance with the inter-
vention, and agree the extent to which PA frequency, intensity and
duration may be adjusted to accommodate phase changes without
compromising the integrity of the trial.

Third, the heterogeneity of BD raises ethical issues for both
cross-sectional and longitudinal research. Little is known about the
risks associated with PA in individuals who are experiencing
hypomania or mania. Excessive goal-directed activity is symp-
tomatic of mania, as is risk-taking (American Psychiatric Associa-
tion, 2000), raising the possibility that during a hypomanic or
manic phase some individuals may be at risk of engaging in
excessive, prolonged and potentially harmful PA. Studies of chronic
PA must also accommodate the possibility that participants may
temporarily lose capacity to give informed consent to research
participation during an episode of mania or severe depression.
Finally, medications prescribed for treatment and prevention of BD
episodes may impact on the safety and efficacy of PA. The possi-
bility of harmful interactions between lithium and PA has been
discussed in the previous section. An additional consideration
includes the sedating effects of certain antidepressant, anti-manic
and antipsychotic medications, which may impact upon motivation
to engage in PA as well as ability to exercise safely.

Psychiatric comorbidity in BD has been estimated at over 50%
(Kessler et al., 1994) with anxiety disorders, personality disorders
and substance use disorders commonly being reported. The pres-
ence of multiple difficulties may increase the complexities inherent
in designing and delivering a PA-based intervention, yet there is
a need to pursue such interventions. The presence of comorbidity
in individuals with Bipolar I Disorder is a risk factor for poor
outcome of BD (McElroy et al., 2001). Therefore this group of
individuals may have much to gain from developments in and
refinements of psychosocial interventions, including those that
involve PA. As discussed previously BD is associated with increased
risk of a number of serious physical health problems including
obesity, circulatory disorders, cancer, and diabetes mellitus (e.g.
BarChana et al., 2008; Carney & Jones, 2006; Elmslie et al., 2000;
Fagiolini et al., 2005; Lin et al., 2007; Regenold et al., 2002). Again,
the high rate of physical comorbidity in BD is a challenge to the
design and testing of PA interventions: exercising in accordance
with national guidelines may not be possible or appropriate for
individuals with severe physical health difficulties, and careful
physical screening, in accordance with American College of Sports
Medicine guidelines, for example (ACSM, 2009), should be
considered in both research and clinical practice before exercise is
prescribed.

In summary, it is vital that studies of the effect of PA in BD
specify the particular population of interest. If the target of the PA
intervention, or its mechanism of action, is likely to be specific to
a subgroup of individuals, tightly defined inclusion and exclusion
criteria should be employed to allow a valid assessment of the
efficacy of the intervention within a circumscribed population.
Otherwise, the composition of the sample of individuals studied
should be described in detail in terms of diagnosis, current affective
state, medication use and comorbid physical and psychiatric diffi-
culties, and heterogeneity within the sample should be taken into
account in the analyses or the interpretation of the results. Study
design should also account for the relapsing course of BD both in
practical terms and in terms of maintaining informed consent, and
protocols should be in place that address risk to participants from
interactions between PA and medication or existing physical health
issues.

3.1.2. What form should the intervention take?
Physical activity is construed as varying along the dimensions of

frequency, intensity, duration, timing and type (ACSM, 2009). On



Kim.A. Wright et al. / Mental Health and Physical Activity 2 (2009) 86–94 91
what basis should researchers set these dimensions when selecting
PA interventions for BD? One source of guidance is provided by
national recommendations concerning optimal exercise levels in
the general population. The United States Department of Health
and Human Services (2008) recommend 30–60 min per day of
moderate to vigorous intensity physical activity on five or more
days of the week, whilst in the United Kingdom the Department of
Health make a similar recommendation that individuals undertake
at least 30 min of moderate intensity activity on five days of the
week (or more) (Department of Health, 2004). Richardson, Avripas,
Neal, and Marcus (2005) note that whilst structured programmes
may be helpful for people with serious mental illness, disadvan-
tages may include their relatively high cost and need for specialised
equipment and professional input. Constraints imposed by physical
health difficulties, initial fitness levels and medication may also
preclude the stringent application of generic guidelines to all
individuals with BD.

Particularly when the aim is to enhance mental health benefits,
an alternative approach to determining the parameters of a PA
intervention is to consider the mediating processes in the rela-
tionship between PA and BD. Many candidate explanations exist for
the beneficial effects of PA that have been observed in individuals
experiencing depression and anxiety, including impact upon
neurotransmitter systems, stabilisation of circadian rhythms,
modification of patterns of avoidance and approach behaviour,
reduction of negative repetitive thoughts or rumination and
enhancement of positive self-schema. It is outside the scope of this
review to describe these accounts in detail. For a consideration of
the mechanisms by which PA may impact upon depression,
psychological wellbeing and mental health more generally readers
are directed to reviews by Stathopoulou, Powers, Berry, Smits, and
Otto (2006), Salmon (2001) and Ekkekakis (2003). In general
however, the nature of the supposed mechanism of action of PA
should determine the form of PA selected for investigation. For
example, the possibility that PA may act to stabilise circadian
rhythms is of particular theoretical interest with respect to BD. In
the general population, PA has been considered as a means of
mitigating against circadian desychronisation (Klein & Wegmann,
1974) because it may facilitate circadian stabilisation following
disruptive events. There is evidence to suggest that markers of
circadian rhythms are disrupted within episodes of BD and during
euthymia (e.g. Jones, Hare, & Evershed, 2005; Kennedy, Kutcher,
Ralevski, & Brown, 1996; Linkowski et al., 1994; Meyer & Maier,
2006; Sachar, 1975; Tsujimoto, Yamada, Shimoda, Hanada, &
Takahashi, 1990), and critically, events that would be expected to
cause acute disturbances to circadian rhythms have been found to
be associated with the development of mania (Jauhar & Weller,
1982; Malkoff-Schwartz et al., 1998; Young, 1995). The speculation
that regular PA might help individuals with BD adjust to schedule-
disrupting events, and thus reduce risk of relapse, is a tentative one.
Nevertheless in order to capitalise on this possibility, research into
the potential of regular PA to reduce risk of relapse in BD could
prescribe exercise frequency and timing in a way that may take
advantage of its potential stabilising effects, for example by
advising minimal variation in the time of day and regularity with
which exercise is performed.

Selection of the intervention will also involve consideration of its
purity. With respect to designing PA-based interventions for BD, this
will require decisions to be made as to whether PA is delivered in
combination with pharmacological ‘‘treatment-as-usual’’, as are
most psychosocial treatments for BD within clinical trial settings
(Lam, Burbeck, Wright, & Pilling, 2009). This will also involve spec-
ifying the extent to which the intervention includes input from
exercise or health professionals, and the extent to which it includes
techniques used in psychological therapies, such as application of
cognitive or behavioural principles, or determination of early signs
of relapse and associated coping strategies. Even a relatively ‘‘pure’’
PA intervention may contain a number of potentially active
components such as distraction, exposure to sunlight and increased
social contact. Determining the relative importance of these is of
practical as well as theoretical interest, as this information will allow
refinement of PA-based interventions to maximise effectiveness.

3.1.3. What should be the outcomes of interest?
Outcomes targeted by previous psychosocial and pharmaco-

logical intervention trials for BD include reduction of affective
symptoms within and between episodes, reduced risk of relapse,
and enhancements in wellbeing, social functioning and quality of
life. Whilst these would appear to be legitimate outcomes for
studies of PA-based interventions in BD, the outcomes valued by
researchers may not always coincide with those most valued by
service users, and collaboration between researchers and individ-
uals with lived experience of BD should begin at an early stage in
the construction of the research agenda. Physical health outcomes
particularly relevant to known physical health risks in the pop-
ulation of individuals with BD include body mass index, waist-to-
hip ratio, type 2 diabetes status, cholesterol level, blood pressure,
maximal oxygen consumption, as well as improvement in comor-
bid physical health conditions.

Trials of PA as an intervention in BD provide an important
opportunity to test hypotheses about mechanisms of change.
Therefore additional measures (applied at multiple points
throughout treatment) might reflect key processes hypothesised to
mediate the effects of PA upon mood. These may include self-effi-
cacy to engage in physical activity (or perceived competence),
perceived control over symptoms and behaviour, and opportunities
for social interaction, routine stability, level of behavioural avoid-
ance, and ability to tolerate stress, using different theoretical
frameworks (Michie, Johnston, Francis, Hardemann, & Eccles,
2008). Such research can be preceded or complimented by single-
session experimental studies investigating the immediate impact of
PA on affective and cognitive variables.

Recent research suggests that mediation of the effects of PA on
acute BD at a neurochemical level may involve factors that affect
cell growth and cell and DNA resilience. Drawing on data from both
human and animal studies it has been hypothesised that irregu-
larities in some neurotransmitter systems in BD may reflect
disturbances in brain chemicals that regulate cell plasticity and
resilience (Bezchlibnyk & Young, 2002; Chen & Manji, 2006; Manji
& Lenox, 2000). Increases in the potentially neurotoxic brain
chemical pro-inflammatory cytokine have been found in mania and
bipolar depression (Kim, Jung, Myint, Kim, & Park, 2007; O’Brien,
Scully, Scott, & Dinan, 2006) whilst emerging evidence suggests
that acute BD episodes are associated with reduced levels of anti-
oxidant enzymes and elevated levels of antioxidant stress (Frey
et al., 2007; Ranjekar et al., 2003). A number of studies in animals
and humans have found a neuroprotective effect of PA (Cotman,
Berchtold, & Christie, 2007; Dishman & O’Connor, 2009). Currently
issues of measurement constrain comprehensive investigation of
neuroprotective processes as mediators between PA and symptoms
of BD in humans. Nevertheless this area of research represents
a promising avenue for advancing understanding of the mecha-
nisms by which PA which may influence symptoms of BD.

3.2. Recommendations for future research

From amongst the numerous questions that research in this area
could seek to address, we select three that address particularly
pressing issues associated with different phases of BD, and outline
potential approaches to tackling each.
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3.2.1. How effective is physical activity in reducing the symptoms
of bipolar depression?

There is evidence to suggest that regular PA may reduce
depressive symptoms in individuals experiencing an episode of
Unipolar Depression, although the magnitude of this effect is smaller
in well-designed and conducted trials (Mead et al., 2009). Based on
the findings of research with individuals with Unipolar Depression,
U.K. guidelines recommend PA for individuals with symptoms of
Bipolar Depression. However randomised controlled trials that use
intention-to-treat analysis and robust assessor blinding procedures
are needed to establish whether PA is effective in reducing symp-
toms of Bipolar Depression specifically. Our review identified very
little research that directly investigates risks associated with PA in
BD, and no qualitative research into the views of individuals with BD
and their clinicians on this matter. Therefore intervention trials
should be preceded by qualitative and pilot work to inform the
design of the main intervention, including identifying potential risks
of PA that are specific to individuals with Bipolar Depression.

3.2.2. What are the features of an optimal programme of physical
activity during hypomania?

Individuals with BD who engage in regular structured exercise face
the question of whether, and how, to adapt their programme during
periods of hypomania. Furthermore, for those with low levels of PA,
there is little guidance as to whether increasing PA represents
a helpful means of responding to the increases in energy and activa-
tion that accompany early-stage hypomania. Exploratory and basic
research to characterise and quantify potential risks and benefits of PA
during hypomania is a necessary precursor to intervention trials.
Potential risks and benefits could be explored within qualitative work
that draws upon the experiences of both individuals with BD and
clinicians who work with this group. Basic experimental research
might include studies of the impact of single sessions of exercise on
mood, energy and cognition, when exercise is carried out during
a period of high mood and energy. These could be conducted in non-
clinical samples currently experiencing elevated, activated mood
states that have been induced by means of mood induction paradigms
used in studies of mood-dependent cognition in BD (Johnson, Rug-
gero, & Carver, 2005; Wright, Lam, & Newsom-Davis, 2005), prior to
conducting this research with clinical populations experiencing
early-stage hypomania. The findings of these studies will inform the
content of PA-based interventions that can be evaluated within phase
2 and 3 clinical trials (Medical Research Council, 2000).

3.2.3. What benefits can be conferred by regular physical activity
during euthymia in individuals with bipolar disorder?

Individuals with BD may find themselves advised to exercise by
clinicians on the basis of the potential benefits to physical health.
Does this intervention bring additional benefits in the form of
improvements in psychological health? Studies should investigate
whether regular moderate PA, as recommended by national
guidelines, leads to reductions in residual depressive symptoms
(self and clinician rated), greater mood stability (measured
prospectively via daily self-report), and increases in wellbeing and
social functioning. Long-term follow up should be incorporated to
investigate the duration of any effects, in addition to determining
whether regular PA reduces risk of entering an affective episode, or
the duration of affective episodes. Such trials may also include
measures of key physical health outcomes of particular relevance to
the population of individuals with BD as outlined previously.

3.3. Recommendations for clinical practice

In the absence of more detailed empirical data to inform us of
the relationship between PA and the course of BD, clinicians should
take into account the individual client’s past experiences of exercise
and a range of other physical characteristics (ACSM, 2009) when
recommending future exercise, particularly with regard to his or
her sense of the interaction between PA and mood state. In
psychosocial therapeutic work this may lead to the inclusion of PA
or exercise behaviour within the broad treatment formulation.

The current review raises a number of points relevant to health
professionals. High rates of comorbid physical health problems in
the population of individuals with BD means that a physical health
check is necessary before exercise is recommended. Possible
interactions with medications should also be taken into account.
For example Norman et al. (1987) and Carroll et al. (1998) recom-
mend monitoring lithium levels in individuals who exercise regu-
larly, whilst NICE (2006) recommend that patients taking lithium
should be advised to maintain their fluid intake if they are likely to
be sweating due to exercise or to other factors. On the other hand,
PA may represent a means of mitigating against possible car-
diometabolic side-effects associated with antipsychotic and mood
stabilising medications, including weight gain and diabetes.
Excessive goal-directed activity is recognised as a symptom of
hypomania and mania, and it may be that this could manifest as
prolonged or excessive PA in some individuals during hypomania or
mania. Such individuals and their clinicians should therefore be
alert to the possibility of increased risk of dehydration and injury
during these times in clients who exercise. Depressive phases of BD
may also bring disruption to normal patterns of regular physical
activity necessary to maintain positive physical wellbeing. It may
therefore be important to provide therapeutic support targeted at
maintaining PA during depression and overcoming relapses in
planned exercise programmes. In the absence of research on
adapting PA programmes to fluctuations in motivation and energy
in individuals with BD, there is useful evidence and guidance from
the field of exercise in the treatment of chronic fatigue syndrome
which may have relevance here (Edmonds, McGuire, & Price, 2004).
In particular, it is recommended that individuals avoid a pattern of
exercise cycling, caused by daily fluctuations of fatigue/energy
which lead to varying levels of drive or motivation: feeling ener-
getic may lead to a temporary increase in PA, followed by symp-
toms of fatigue and inactivity. Instead, consistent levels and small
daily increments of exercise may help to minimise cycles of low and
high levels of PA.

An added consideration is the acceptability of any exercise or PA
programme. This includes not only what is practical and convenient
for the individual, but also the meaning to him or her of engaging in
a particular regime of activity. Choices about PA will be influenced
by many factors including past experiences of exercise, beliefs
about exercise and one’s physical abilities, the attitudes of signifi-
cant others towards exercise, cost and accessibility of the activity
and the fact that many forms of exercise are social activities or take
place in public. Those seeking to recommend PA regimes to indi-
viduals with BD can be sensitive to this by recognising that some
individuals may be experiencing, for example, low self-confidence,
social isolation and financial constraints. As with any new exerciser,
such factors are likely to influence what is acceptable in terms of
deciding when, how, where and with whom to exercise, and
importantly future adherence to the programme.

4. Conclusion

The current review, which addressed the question of the effects
of physical activity upon physical and mental health in BD, repre-
sents the first published systematic review of this issue and leads us
to conclude that further research in this area is urgently needed.
Findings from studies in other populations suggest that individuals
with BD may stand to benefit from regular physical activity in terms
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of both physical and mental health, yet our review returned no
rigorous clinical studies investigating physical activity as a inter-
vention in BD, and only a small number of pre-clinical and early
phase clinical studies. In addition, if recommendations from the
research literature and national clinical guidelines are heeded
(Elmslie et al., 2001; Fagiolini et al., 2003; Keck & McElroy, 2003;
McElroy et al., 2002; Morriss & Mohammed, 2005; NICE, 2006),
individuals with Bipolar Disorder may find their clinicians sug-
gesting exercise as a means of addressing both physical and mental
health difficulties. Research into the safety and efficacy of PA as an
intervention in BD is necessary prior to producing detailed, pop-
ulation-specific guidance concerning the prescription of PA in this
population.
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