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ABSTRACT ~ Exercise is gaining interest as a treatment for major depressive disorder
(MDD). Though not yet fully established as an efficacious therapy for psychiatric disorders,
exercise has well-established benefits for physcial health and overall well-being. However,
there are potential health risks to exercise that need to be considered before recommending
physical activity to a patient. We present the case of a 48 year-old woman who develolped
significant elevations in creatine kinase and liver enzyme levels after three work-out ses-
sions consisting of cardiovascular training on an elliptical machine and weightlifting. The
elevations resolved with rest, then recurred when the patient again began exercising. These
elevations occurred while the patient was participating in a double-blind, placebo-control
phase II clinical trial of an experimental medication for MDD. This case highlights sev-
eral aspects of the appropriate implementation of exercise recommendations in the psychi-
atric setting. Initiation of exercise regimens is not prohibited in clinical trials, and may be
self-initiated by the depressed patient or recommended by the treating physician. This case
also highlights that the value of placebo controls in clinical trials of experimental treat-
ments applies to safety as well as efficacy factors. Exercise as a treatment for depression car-
ries both potential benefit for depressive symptoms and risk for adverse events. The design
of clinical trials would be strengthened by consideration of these effects of exercise in the
future. Psychopharmacology Bulletin. 2008;41(4):65–75.

INTRODUCTION

Physical exercise as a treatment for major depressive disorder (MDD) is gain-
ing increased interest, although conclusive evidence of its efficacy for MDD is
still lacking.1 In clinical trials of experimental medicines, activity level or exer-
cise frequency are not assessed or controlled for in outcome analyses. Study
patients may start or stop exercise as they wish, which may impact both the effi-
cacy and the safety assessments of the treatment under study. We present here a
case of a 48-year old woman with MDD who developed marked elevations in
creatine kinase (CK) and lesser elevations of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT), after starting an exercise regimen during a
clinical trial.

Key Words: placebo, creatine kinase, liver, physical fitness, depression, case reports, adverse effects,
rhabdomyolysis, review

COMPLICATED CASE HISTORIES
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CASE HISTORY

A 48 year old Caucasian divorced female enrolled in a double-blind,
placebo-controlled clinical trial for an experimental drug to treat major
depressive disorder (MDD). After signing the informed consent docu-
ment, she was diagnosed with MDD, recurrent, moderate severity,
using the Structured Clinical Interview for DSM-IV. Her current
MDD episode was her third, which had onset 4 months prior to her
screening visit. She had no history of psychiatric hospitalization or sui-
cide attempts. She did not meet criteria for any other Axis I disorder.

Her screening laboratory tests included a complete blood count, blood
chemistries, immune markers for Hepatitis B and C, gamma-glutamyl-
transferase, AST, ALT, bilirubin, thyroid-stimulating hormone, pro-
thrombin time, activated partial thromboplastin time (APTT),
pregnancy test, urine drug screen (UDS), urinalysis, and electrocardio-
gram. All tests results were within the normal range, both at the screen-
ing visit and baseline (randomization) visits, with the exception of the
screening UDS which detected cannabis, and the screening APTT,
which was 20.6 seconds (normal range 22.8–31.0). The UDS was
repeated before starting the one-week placebo lead-in phase, and was
negative for all drugs of abuse.

Her medical history was significant for ulcerative colitis, which was
well-controlled without medication at the time of the study. She reported
a cholecystectomy in 1984, a caesarean section in 1986, and a tubal lig-
ation in 1990. Her body mass index was 27, mildly overweight. Her
physical exam was unremarkable. The only concurrent medication the
patient took through the trial was a calcium carbonate, 600 mg twice
daily. She endorsed drinking 1–2 glasses of wine daily, and rare social
marijuana use.

After she did not significantly improve during a one-week placebo
lead-in phase, she was randomized to treatment, and completed the
8-week treatment and 4-week follow-up period. She showed only slight
improvement during the treatment portion of the study. Her 17-item
Hamilton depression rating scale (HDRS) score declined from 21 at
baseline to 15 at week 8, and her clinical global impression of improve-
ment score at week 8 was 3 (minimally improved).

SYMPTOMATOLOGY

A liver panel and CK level was checked every week during the 8 weeks
of treatment and at every visit during the follow-up phase. There were
no significant changes in her laboratory results while on double-blind
treatment. At the first follow-up visit, 7 days after her last dose of study
drug (revealed to be placebo only after the entire study results had been
analyzed), the patient was found to have markedly increased levels of
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CK, and mild elevations of AST and ALT: 5444 U/L, 115 U/L, and
34 U/L, respectively. Upon questioning, the patient reported beginning
a work-out routine involving weightlifting and cardiovascular training
on an elliptical machine 3 days during the previous week. She reported
no muscle pain or stiffness, other than some soreness in muscle groups
she had been training (primarily triceps and biceps). She reported no
chest, jaw, or abdominal pain, and no change to the color or frequency
of urination. The physical examination at this visit was unchanged from
baseline, with the exception of some mild tenderness of the muscles
around the triceps.

Two weeks after the initial increase was observed, the patient reiniti-
ated exercise with three sessions in one week, and her CK, AST and
ALT levels again increased as before. In the following week she discon-
tinued exercise, and her levels again returned to normal. Table 1 pres-
ents the change in CK and liver enzymes over the course of the study.
This challenge-rechallenge paradigm demonstrates a consistent effect
of moderate physical activity to produce elevations in liver and muscle
enzymes, in the absence of physical complaints other than mild soreness
of the worked muscles.
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CHANGE IN CREATININE KINASE AND LIVER FUNCTION TESTS OF A 48-YEAR

OLD WOMAN INITIATING EXERCISE DURING PLACEBO TREATMENT

IN A CLINICAL TRIAL

DATE CK AST ALT BILIRUBIN EXERCISE LEVEL IN
(U/L) (U/L) (U/L) (MG/DL) PREVIOUS WEEK

11/21/2007
(Baseline) 63 21 20 0.6 No exercise

1/18/2008
(End Treatment) 42 16 14 0.6 No exercise

1/25/2008 5444 115 34 0.8 3x per wk 
Weightlifting & cardio

1/27/2008 4352 131 47 0.7 No exercise
1/30/2008 333 33 32 0.4 No exercise
2/1/2008 116 18 23 0.4 No exercise
2/8/2008 3369 97 41 0.4 3x per wk 

Weightlifting & cardio
2/22/2008 64 19 16 0.5 No exercise

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase.
Normal Ranges: ALT: 6–34 U/L; AST: 9–34 U/L; CK: 18–169 U/L.
Note: Between Baseline and End of Treatment, patient had all four laboratory measures assessed weekly.
At no visit were any values outside the normal range.

TABLE 1
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DIAGNOSIS AND TREATMENT

The patient was diagnosed with an asymptomatic exercise-induced
creatine kinase elevation. The patient was advised to build her exercise
routine more gradually, with lower initial intensity.

DISCUSSION

This case of exercise-induced elevations in liver and muscle enzymes
during a clinical trial for an experimental drug raises important issues
regarding: (1) the prescription for and monitoring of exercise during the
clinical treatment of depressed patients, and (2) the design of clinical tri-
als of MDD treatments. Below, we review what is known about the effica-
cy and safety of exercise in MDD, and discuss how prescriptions for
exercise can be incorporated into psychiatric visits. We also address two
aspects of clinical trial design and analysis that warrant attention by the
field.

Efficacy of Exercise for Depression
Physical exercise is proven to benefit overall health and well-being in

numerous ways, including: decreasing mortality rates, decreasing the risk
of coronary heart and artery diseases, decreased risk of developing type II
diabetes and certain types of cancer (breast and colon), as well as reducing
certain complications associated with diabetes and cancer.2 Additionally,
exercise has been shown to reduce pain associated with arthritis, improve
functioning in men with erectile dysfunction, increase specific functional
outcomes in chronic obstructive pulmonary disease (COPD), enhance
mood in individuals that suffer from low back pain, elevate overall mood,
and decrease symptoms associated with depression and anxiety.2

Epidemiologic studies indicate that the prevalence of MDD and
many anxiety disorders among people who engage in regular physical
activity is significantly lower than those who do not.3,4 Moreover,
MDD is characterized in part by low motivation and low energy, both
of which disincline patients to engage in exercise. Exercise is demon-
strated to improve energy levels, and may enhance self-efficacy, which
could improve symptoms of worthlessness or low self-esteem in
depressed patients. In addition, rodent studies indicate that exercise can
enhance levels of monoamine neurotransmitters,5 and can reverse
reductions in brain-derived neurotrophic factor in the hippocampus
induced in a chronic mild stress model of depression.6 However, the
existing evidence base for the benefits of exercise in MDD is not suffi-
cient to warrant its recommendation as a monotherapy.7

The degree to which exercise can be implemented to treat active
MDD is uncertain. Meta-analyses on the effects of studies of exercise
have concluded that published studies suggest exercise is beneficial for

PSYCHOPHARMACOLOGY BULLETIN: Vol. 41 · No. 4

EXERCISE FOR DEPRESSION

68
Dunlop, Self

MWM_PSB_41-04-DUNLOP.qxp  11/10/08  2:53 PM  Page 68



depression, but that the confidence in this conclusion is greatly limited
by severe methodological flaws in the analyzed studies, such as: the use
of non-clinical samples, absent or poor control groups, lack of blinded
evaluations of outcome, or failure to use intent-to-treat analyses. Until
recently, most studies exploring the effects of exercise on mood had not
specifically evaluated patients diagnosed with MDD, but rather evalu-
ated patients with a mixture of depressive disorders and symptoms.1

Two large randomized studies evaluating exercise as a monotherapy
treatment for patients with MDD suggest exercise may be efficacious.
A study of 156 elderly patients with MDD compared treatment with
group aerobic exercise versus pharmacotherapy (sertraline) or their
combination, and found all three treatments were effective over a course
of 16 weeks. Patients receiving pharmacotherapy alone improved more
quickly than the other two treatment arms.8

The Depression Outcomes Study of Exercise (DOSE) study assigned
80 patients between ages 20 and 45 with mild to moderate MDD
(mean baseline HDRS � 16.2) to one of 5 treatment arms: a high or
low dose of exercise, administered either 3 or 5 times per week, or a place-
bo group of 3 days per week of flexibility exercise.9 The active treatment
period lasted 12 weeks.The authors reported high dose of exercise (which
the authors labeled a “public health dose” of 17.5 kcal/kg/week) was more
effective than a low dose of exercise (7.0 kcal/kg/week). Using an intent
treat analysis, remission was achieved in 42.4% (14/33), 17.6% (6/34),
and 15% (2/13) of the patients assigned to the high dose, low dose, and
placebo arms, respectively. The frequency of exercise (3 or 5 days per
week) did not influence outcome. The generalizability of these study
findings may be limited by some of the exclusion criteria used, for
instance, the exclusion of individuals �160% of ideal body weight or
those unable to exercise at least 5 days per week. All enrolled patients
needed to complete a 2-week run-in period assessing their ability to
adhere to scheduled exercise, which resulted in exclusion of 15 out of 95
patients. Additionally, 8 of the 80 patients who were randomized
refused their treatment assignments, half of whom were assigned to the
flexibility (placebo) group.

A clinically more valuable question than whether exercise as a
monotherapy is effective for MDD may be whether exercise can augment
antidepressant pharmacotherapy in patients who benefit from medication,
but who fall short of remission. In an open-label pilot study of 17 patients
with MDD who had an incomplete response to medication, subjects
were prescribed a 12-week course of cardiovascular exercise to augment their
pharmacotherapy. Significant improvements in self- and clinician-rating
scales were observed.10 A randomized controlled clinical trial, The
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Treatment with Exercise Augmentation for Depression (TREAD) study,
is now underway to address, confirm, and extend these results.11

Existing studies on the benefits of exercise for the treatment of
depression suffer from three major confounders. The first is the self-
selection of patients, a confound that is also found in studies of psy-
chotherapy. Depressed patients willing to enroll in a study of exercise
treatment may have strong beliefs that their depression will be respon-
sive to exercise, and may therefore be more highly motivated than most
depressed patients to initiate an exercise regimen. Second, because it is
impossible to adequately blind patients to their treatment assignment in
these studies, fully controlling for placebo-responsiveness becomes an
impossibility. Use of a stretching program or similar low intensity arm
in studies of exercise does provide a level of control for the behavioral
activation aspects of the treatment; however the patient remains aware
of the treatment arm to which they have been assigned.

A third confounding factor in previous studies of exercise treatment
for MDD is the use of group exercise conditions. Study designs employ-
ing group exercise leave unresolved how much the exercise itself con-
tributes to improvement, beyond the potential benefits of the
socialization that structured exercise entails. As noted above, the DOSE
study did require patients to exercise individually and reported benefit
for higher intensity exercise.9 Although this question requires further
research, it seems likely that depressed patients starting exercise may
experience greater benefit from doing so as part of a group, or with an
exercise partner, rather than individually.

Safety of Exercise in Depressed Patients
As our case demonstrates, exercise is not risk free. Previous studies

evaluating exercise have not conducted laboratory testing of participants
through the treatment period, so the effects of exercise on the physiology
of patients with MDD are uncertain. Indeed very few reports of trials of
exercise augmentation for depression report any adverse events. One
exception was the DOSE study, which reported one case each of wors-
ening depression, chest pain, and joint pain with swelling.9

Prior to starting an exercise regimen, patients should be assessed for
cardiopulmonary risk. In taking a medical history for a patient consid-
ering exercise, special attention should be paid to a history of heart, lung
or vasculature problems. In particular, patients should be asked about
congenital problems, previous cardiac symptoms or atherosclerosis,
hypertension, diabetes, asthma, and chronic obstructive pulmonary dis-
ease. A particularly important question is to ask whether the patient has
ever had a syncopal or pre-syncopal episode during exertion, which may
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suggest the presence of hypertrophic obstructive cardiomyopathy
(HOCM), a significant cause of sudden cardiac death. In addition, an
inquiry should be made about previous musculoskeletal injuries, aggra-
vation of which may result in long-term joint damage.12

Table 2 presents three levels of risk assessment suggested by the
American College of Sports Medicine (ACSM). Patients with low risk
do not need exercise testing prior to starting exercise. Moderate risk
patients require such testing only if they intend to start a program of high
intensity. However, all high risk patients should undergo clinical exercise
testing prior to initiating a program. The results of this testing are used to
guide the appropriate exercise prescription for the patient.12

This case demonstrates that there are unrecognized, potentially per-
ilous, effects of exercise on skeletal muscles in a portion of the population.
Physicians should be cognizant that, although relatively uncommon,
exercise-induced elevations in liver function tests and CK levels can
result from mild to moderate exercise practices, as we report here. A
study of 203 volunteers who performed 50 maximal elbow flexor con-
tractions found 55% developed CK levels �2,000 U/L four days post
exercise, and 25% had CK levels �10,000.13 None of these volunteers
developed renal impairment.13 There is no established range for “nor-
mal” CK elevation after moderate exercise. In general, higher intensity,
longer duration and greater weight-bearing exercises produce the
largest rises in CK. Individuals who are male, black or untrained in
exercise are at the greatest risk for CK increases.14

Marked elevations of CK, such as observed in the present case, can
place patients at risk for rhabdomyolysis. Rhabdomyolysis is a syn-
drome resulting from skeletal muscle injury, resulting in the release of
CK and myoglobin into the circulation. When severe, rhabdomyolysis
can produce serious complications, including renal failure, disseminated
intravascular coagulation and death (in 5% of cases).14 The classic
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TABLE 2

RISK LEVELS FOR PATIENTS STARTING AN EXERCISE REGIMEN

RISK LEVEL CHARACTERISTICS

Low Risk No Cardiopulmonary symptoms, and �1 Clinical Risk
Factor, and Women �55 or Men �45

Moderate Risk �2 Clinical Risk Factors, or Women �55 or Men �45
High Risk Known Cardiopulmonary disease, or Active

Cardiopulmonary symptoms

Cardiopulmonary Symptoms: Chest pain or dyspnea or syncope on exertion; claudication; palpitations.
Clinical Risk Factors: Coronary artery disease, peripheral vascular disease, hypertension, diabetes melli-
tus, asthma, chronic obstructive pulmonary disease, musculoskeletal disease [15].

MWM_PSB_41-04-DUNLOP.qxp  11/10/08  2:53 PM  Page 71



clinical features are marked muscle soreness accompanied by dark
(classically black) urine, and the diagnosis can sometimes be confirmed
by detection of myoglobin in the urine. The primary causes of rhab-
domyolysis are tissue trauma or compression, alcohol or drug use, infec-
tions, seizures, and exercise. CK elevations are sensitive, but not specific,
for indicating the presence of rhadbomyolysis, and the level of CK ele-
vation appears to be directly related to the severity of rhabdomyolysis.
Treatment of the syndrome requires vigorous intravenous hydration and
close monitoring of electrolytes to prevent hyperkalemia. Statin medica-
tions to treat hypercholesterolemia carry a small risk of rhabdomyolysis,
which has led to efforts to more specifically define the syndrome (see
Table 3). Although our patient had CK levels in a range consistent with
rhabdomyolysis (five fold or greater increase from the upper limit of
normal16) she did not develop any indication of renal compromise or
other organ damage.

The liver enzyme elevations observed in our case are another potential
adverse event from exercise. That exercise can induce increases in liver
enzymes has been known since the 1960s.17 Recently, a study of 15 healthy
men who performed a single one-hour session of weight lifting found
that AST and ALT levels remained elevated for up to 7 days after the
exercise session.18 As many psychiatric medications have a potential for
hepato-toxicity, these findings demonstrate the importance of asking
patients with an abnormal liver profile about recent exercise activities.

One additional safety concern for psychiatrists prescribing exercise
pertains to the considerations required for some common psychiatric
medications. Lithium has a narrow therapeutic index, with high levels
causing nephrotoxicity. Thus, patients on lithium must be counseled to
maintain excellent hydration at all times. In addition, patients taking
atypical antipsychotics that carry a risk for weight gain and metabolic
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DEFINITIONS OF RHABDOMYOLYSIS

ORGANIZATION DEFINITION

1. US Food and Drug Administration – CK level �50x upper limit of normal
– Organ damage

2. National Cholesterol Education Program – CK Level �10x upper limit of normal
Advisory Panel – Evidence of renal compromise

3. National Lipid Association Muscle Safety – Any evidence of muscle cell
Expert Panel destruction, regardless of CK level

– Causal relationship to change in
organ function

TABLE 3

MWM_PSB_41-04-DUNLOP.qxp  11/10/08  2:53 PM  Page 72



disturbances should be counseled about exercise and diet at the start of
therapy, and reminded during the course of treatment.

Applying Prescriptions for Exercise to Depressed Patients 
in Clinical Practice

Given the certain benefits to physical health and well-being, and
probable benefits in MDD, psychiatrists should consider recommenda-
tions for exercise as a component of psychiatric office visits. Prior to rec-
ommending exercise, the patient’s medical history should be assessed as
described above to determine whether referral for exercise testing is
necessary.

The components of an exercise prescription should follow the
“FITT” principle, specifying the Frequency, Intensity, Type and Time
(duration) of exercise. The types of activity include resistance training
(e.g., weight lifting), cardiovascular training, and flexibility work.
Cardiovascular training is the type of activity shown to provide the
greatest benefits for depressed patients. In general, patients should aim
for the equivalent of five 30-minute sessions per week, though the
DOSE study findings suggest that this 150 minutes/week could be
combined into fewer sessions. Exercise should be of moderate intensi-
ty, so that heart rate is maintained between 55–90% of maximum, such
as by brisk walking at 3–4 miles per hour, or stationary cycling at
50–100 watts.10 Patients may also find it helpful to keep a log of their
exercise sessions.

Implications of Exercise for Clinical Trials
Our case highlights two important aspects of clinical trial design.

First, this case demonstrates that the value of placebo in trials is not
limited to evaluating efficacy, but also the safety of the experimental
compound. If this placebo-treated patient was participating in a similar
study without a placebo control group (e.g., a study assessing an exper-
imental pharmacotherapy versus an active FDA-approved medication),
the exercise-induced elevations seen in liver function tests and CK lev-
els likely would have been inappropriately attributed as an adverse event
resulting from drug exposure. This case report therefore exemplifies
why it is imperative to include placebo groups in clinical trials conducted
with experimental medications.

Second, future clinical trials would benefit from measuring exercise
and or physical activity as a factor to control for in the outcome analy-
ses. It would not be ethical to prohibit patients from participating in
exercise during clinical trials. However, if exercise is definitively deter-
mined to be have antidepressant activity, then determining ways to
measure activity will need to be implemented. Activity level could be
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incorporated into the randomization process (stratification by activity
level), or utilized as a control variable for data analysis.

CONCLUSION

The presented case of exercise-induced elevations in liver and muscle
enzymes during a clinical trial for an experimental drug, demonstrates the
essential value of placebo controls for the integrity of pharmacotherapy
studies. Exercise as a treatment for MDD is gaining increased attention,
both as a monotherapy and as an augmentation strategy, but definitive
evidence of the efficacy of exercise for MDD does not yet exist. However,
the benefits of exercise for physical health and overall well-being justify
the topic being discussed during the psychiatric office visit. Clinicians
should keep in mind that exercise is not risk free, and that some high risk
patients will require exercise testing prior to initiating an exercise pro-
gram. The effects of exercise on clinical laboratory tests require height-
ened awareness among those who design and implement clinical trials.✤
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