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ABSTRACT
Substance abuse/addiction rates are higher in the homeless than the general population,
and cocaine is especially problematic, with high rates of use and poor treatment
outcomes. PURPOSE: The objective was to determine feasibility of homeless cocaineusing men participating in a 6-week standardized exercise regimen. METHODS:
Twenty-five homeless men were screened and five who had used cocaine within the past
year were enrolled. All participants completed an initial graded exercise “stress” test.
Standardized, vigorous-intensity exercise intervention sessions were held 3 times per
week for 6 weeks at a homeless shelter. Heart rate/blood pressure were assessed
before/after each exercise session. Urine drug screens were administered twice weekly.
Logs were kept of attendance, minutes exercised per session, urine drug screen results,
and heart rates/blood pressures. RESULTS: Two participants completed follow-up,
yielding a 40% retention rate. Mean number of exercise sessions attended was 5 (SD=
5.73) out of 17. Mean number of minutes exercised per session was 49.28 out of 60.
Where 1 is Poor and 10 is Excellent, mean rating by participants of the overall exercise
class experience was 9. CONCLUSION: Although recruiting was difficult and retention
was low, exercise intervention sessions were well-tolerated. Further study of the
homeless population is warranted in order to increase recruitment and retention.

vi

INTRODUCTION
Abuse of and addiction to substances including alcohol, tobacco, prescription and
illicit drugs contribute to the deaths of 570,000 Americans annually4. Financial costs
total $700 billion annually and include increased health-care costs, lost productivity, and
crime4. Cocaine is the second-most-commonly used illicit drug after cannabis, and in
2015 900,000 people over age 12 had had a cocaine-use disorder within the past year5.
The “crack” form of cocaine accounts for a large proportion of use, and users of
this form of cocaine tend to be among the most socioeconomically marginalized drug
users and to have high rates of mortality and comorbid problems6, 7. Substance abuse and
addiction is particularly a problem in the homeless population, with approximately one in
five homeless individuals having a chronic substance abuse problem in January 201676, 78.
Cocaine use is especially problematic in the homeless population, with high rates of use
and poor treatment outcomes80, 81, 82, 83.
Although there are pharmacologic options for treating addiction to some
substances, there are currently not any pharmacologic options for treating cocaine
addiction9. Current non-pharmacologic treatments include behavioral therapy,
therapeutic communities, 12-Step programs, and alternative therapies such as yoga,
mindfulness meditation, nutritional supplements, acupuncture and qigong.
Exercise is a promising addition to the list of non-pharmacologic options. There
is a body of preclinical animal research in which investigators have taught animals to
self-administer cocaine and then manipulated various factors to mimic the stages of drug
use through which humans proceed28. Exercise is introduced and the findings regarding
the effects of exercise on the various stages of drug use has been mostly positive. There
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has been minimal human research regarding the effects of exercise on substance abuse
and addiction, and none at all specifically investigating the effects of exercise on cocaine
use or utilizing a sample of homeless individuals. Thus, the purpose of the present study
was to assess the feasibility of homeless cocaine-using men, who are not in or seeking
treatment for their cocaine use, participating in a standardized exercise regimen for six
weeks.
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REVIEW OF LITERATURE
Addiction
Addiction is a chronic condition involving a repeated powerful motivation to
engage in a rewarding behavior, acquired as a result of engaging in that behavior, that has
significant potential for unintended harm1. Someone is addicted to something to the
extent that they experience this repeated powerful motivation1. The American
Psychiatric Association’s Diagnostic Statistical Manual of Mental Disorders, 5th edition
(DSM-5) defines substance dependence as the maladaptive pattern of substance abuse
leading to clinically significant impairment or distress2. Diagnosis of substance use
disorder is based on evidence of impaired control, social impairment, risky use and
pharmacological criteria2 including tolerance, dependence, and physical withdrawal
symptoms. Substances to which individuals can become addicted include tobacco,
alcohol, inhalants, and both prescription and illicit drugs3.
Substance abuse and addiction is a major public health problem. Alcohol and
prescription and illicit drugs contribute to the deaths of 90,000 Americans annually, while
tobacco use is linked to 480,000 more annual deaths4. Along with the mortality linked to
substance abuse and addiction, there are financial costs as well, with an average $700
billion per year in increased health-care costs, crime and lost productivity4. In 2015 20.8
million people in the U.S. over age 12 had had a substance abuse disorder within the past
year; 900,000 of those were cocaine use disorders5. Cocaine is the second most
commonly used illicit drug, after cannabis5. Although exact numbers are not known, a
large proportion of cocaine use is in the “crack” cocaine form, users of which tend to be
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the most socio-economically marginalized of all groups of drug users and to have high
rates of mortality and comorbid problems6, 7.
Substance Abuse and Homelessness
Substance abuse and addiction in the homeless population is higher than in the
general population76 and accordingly takes a higher toll. Though numbers vary, on a
given night in January 2016 549,928 people were experiencing homelessness in the
United States77. At that same time, approximately one in five of those people had a
chronic substance abuse disorder78 and drug overdose is a rising cause of death among
the homeless79. Substance abuse is often a cause of homelessness76 in that substance
addiction often causes loss of employment and from there, without income, housing as
well76. Substance addiction may also be a result of homelessness, with substance use
beginning after someone loses their housing76. Use of cocaine is especially problematic
among the homeless population, with high rates of use and poor treatment outcomes80, 81,
82, 83

.

Current Treatments for Substance Addiction
Current methods of treating substance addiction mainly fall into the categories of
pharmacologic, behavioral, or alternative treatments. Often combinations of treatments
are used to create the most efficacy.
Pharmacologic Treatments
The United States’ Food and Drug Administration (FDA) has approved
pharmacologic treatments for addiction to some substances. There is not a standard
medication for use with all substance addictions. Pharmacologic options differ with
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reference to which substance is being used, and some substances have no FDA-approved
pharmacologic treatment options.
For tobacco users, there are nicotine replacement therapy (NRT) products, which
have been available on the market for approximately 30 years, and also medications
which do not contain nicotine8. NRT products are used when someone first stops
smoking to help manage withdrawal symptoms. There are three types of FDA-approved
NRT available over the counter (OTC): nicotine gum, transdermal nicotine patch, and
nicotine lozenge8. There are also prescription-only NRT nasal spray and oral inhalers
and the FDA has approved two prescription-only medications that do not contain
nicotine- Chantix and Zyban8. However, both the prescription and non-prescription
smoking-cessation medications do have side effects and come with warnings for
individuals who have certain medical conditions.
For alcohol addiction there are currently three FDA-approved medications, all of
which require a prescription: naltrexone, acamprosate, and disulfiram. Naltrexone blocks
receptors which are responsible for alcohol cravings and the rewarding effects of
consuming alcohol. Disulfiram produces an unpleasant reaction including flushing,
nausea, and palpitations upon an individual’s drinking alcohol. Acamprosate reduces
symptoms of alcohol withdrawal such as anxiety, insomnia and restlessness9.
Addiction to opioids such as heroin, morphine, and codeine, as well as semisynthetic opioids such as oxycodone and hydrocodone, is treated with the FDA-approved
medications methadone, buprenorphine, or naltrexone10. Methadone and buprenorphine
suppress and reduce cravings for the opioid that has been abused. Naltrexone works
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differently, blocking the desired effects of the opioid if an individual who has achieved
abstinence has a relapse and uses the drug to which they had been addicted10.
There are currently no FDA-approved medications to treat addiction to cocaine,
cannabis, or methamphetamines9, though research is in progress investigating potential
pharmacologic treatments for all three 12, 13. Specifically regarding cocaine, beta blockers
propranolol and carvedilol, the GABAergic medications baclofen, tiagabine, and
topiramate, and modafinil, which is currently approved for the treatment of narcolepsy,
are showing promise12, 14. Another possibility is disulfuram, currently used for treating
alcohol addiction. For cocaine users, disulfuram makes the cocaine high less pleasant by
increasing the anxiety associated with it. Also under investigation is a vaccine, TA-CD,
which produces cocaine-specific antibodies that lower the euphoric effect of cocaine14,15.
However, it is unknown when any pharmacologic treatment for cocaine addiction might
be approved by the FDA and in the meantime costs of cocaine addiction continue to
mount.
Non-Pharmacologic Treatments
Behavioral Therapy
Current treatments for substance addiction also include behavioral therapies,
which may in some cases be combined with pharmacologic treatment. Cognitive
behavioral therapy (CBT) for addiction generally includes strategies to increase selfcontrol16. A central element of this therapy is anticipating problems likely to arise when
attempting to maintain sobriety and helping the patient to develop effective strategies to
cope with these problems16. Another type of intervention, contingency management,
gives patients the opportunity to earn incentives/prizes for drug-free urine screens17.
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Motivational enhancement therapy is a counseling approach that works towards behavior
change for individuals who may have ambivalence about stopping substance use and
seeking treatment18. This approach is most effective in getting individuals in the door to
begin treatment, and may then be combined with CBT during active treatment.
Therapeutic Communities
Another treatment option for addiction is therapeutic communities. These sprang
out of self-help recovery models in the late 1950s and began as long-term residential
treatment programs run by peers in recovery19. Now many of these communities have
begun incorporating professional staff including some who may be in recovery
themselves, and offer shorter-term residential programs as well as outpatient day
programs19. Therapeutic communities focus on mutual self-help and on the whole
person, attempting to bring about numerous lifestyle changes, rather than just abstinence
from substance use19.
12-Step Facilitation
12-Step facilitation programs are a model of peer support and self-help that began
with Alcoholics Anonymous in the 1930s20. The three main tenets of this model of
behavioral therapy are acceptance of the problem, surrender to a higher power, and active
involvement in 12-Step meetings and activities21. Along with the original 12-Step
program for alcohol, offshoots now exist for addictions to other substances, including
Narcotics Anonymous (stimulants) and Heroin Anonymous (opiates)20.
Alternative Therapies
While not as common as mainstream pharmacologic or behavioral treatments for
addiction, there are other therapies available, often as adjuncts to mainstream therapy.
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Current findings have supported the use of yoga and mindfulness meditation as
adjunctive therapies for addiction, as they deal with stress-related aspects of addiction
and recovery such as emotions and behavioral urges such as cravings22. Nutritional
supplements including high-potency multi-vitamins and amino acids as well as natural
supplements and herbs are thought to help correct and restore neurotransmitter
imbalances in the body that occur as a result of drug use23, 24. Although current evidence
shows that acupuncture is not effective as the sole treatment for cocaine addiction, over
300 clinics in the U.S. utilize acupuncture as a component of treatment25. The ancient
traditional Chinese practice of qigong has also been also been investigated for use in
treatment, specifically for heroin addiction26.
Exercise Interventions
With the high societal costs of substance addiction, other alternative treatment
methods are being explored as well, including exercise. There is the potential that
exercise may be an effective option, either as main treatment or adjunct to other treatment
for substance addiction. Whether main treatment or adjunct, exercise in comparison to
pharmacologic options is relatively inexpensive and without the potential side effects of
some of the treatment medications. In fact, utilization of exercise as treatment may bring
about secondary improvements in health as well. Many addiction treatment centers
already do include exercise- voluntary or mandatory- in their courses of treatment, even
without firm evidence of its effectiveness27.
Not everyone who uses drugs becomes addicted, just as not everyone is equally
susceptible to other chronic diseases92. Under the concept of addiction as a brain disease,
exercise may be effective as part of treatment for substance abuse because of effects that
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both exercise and drugs have on the brain92. Neurobiological investigators indicate that
most drugs have dopamine-enhancing effects on the brain92. Reward regions of the brain
are activated by addictive drugs, which cause increases in the release of dopamine,
triggering further craving for the drug92. Exercise can increase measures of euphoria and
well-being in humans in a way similar to that of abused drugs93, 28. It has been shown
that bouts of exercise increase the brain’s concentration of dopamine94, 28 and that
exercise influences many of the brain’s molecules and structures that mediate the positive
reinforcing effects of drugs28. Research has shown that exercise may produce neurologic
adaptations that decrease an individual’s susceptibility to developing a substance abuse
disorder28.
Investigators in Volkow et al. (2016) have suggested that there may be brain
changes accompanying exercise that decrease the ability of drugs to produce
reinforcement or craving92. Based on their findings, investigators posit that adding
exercise to abstinence and behavioral treatment may be an alternative, nonpharmaceutical reinforcer and way to increase dopamine receptor availability95, 28. Under
the brain disease model of addiction, it is suggested that development of behavioral
interventions involving exercise can help restore balance in brain circuitry negatively
affected by drugs92.
Animal Research
There is a body of preclinical research investigating the effects of exercise on
self-administration of drugs in lab animals. Self-administration of a drug is the main way
in which the reinforcing effects of that drug are studied in the laboratory setting28. For
self-administration the animal has a catheter implanted and during experimentation
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sessions that catheter is connected to a supply of the drug being studied. The animals are
trained to self-administer the drug, e.g. by pressing a lever. By using self-administration
along with manipulation of various factors, investigators are able to mimic the different
stages of drug use that humans typically progress through: acquisition, maintenance of
regular use, escalation of use, binges, and relapse/reinstatement after cessation of use28.
Studies involving animals have examined exercise in relation to a number of illicit
drugs, though most frequently cocaine and methamphetamine. This review will focus on
cocaine, as that form of addiction is the focus of this thesis. Preclinical work in this area
has mainly been done utilizing rats and aerobic exercise (wheel running), and has shown
promising results in all stages of drug use.
The acquisition stage is where an individual goes from initial contact or
experimentation with a drug to establishing patterns of its use28. It has been shown by
Smith & Pitts (2011) that exercising rats with access to a running wheel acquired
(learned) self-administration more slowly than sedentary rats that had no such access and
did fewer lever presses overall29. Male rats were obtained at weaning and raised for six
weeks with exercise (had access to a running wheel) or sedentary behavior (no wheel
access). The rats were then taught self-administration, with responding (lever presses)
reinforced by infusions of cocaine. Acquisition was considered to be reached when a rat
obtained 12 infusions of cocaine on at least two consecutive days; the first day was then
considered the date of acquisition. Sedentary rats reached acquisition on average three
days sooner than exercising rats, and over a 15-day period the number of lever presses by
sedentary animals was twice that of the exercising rats29. This suggests that exercise
inhibits the acquisition of cocaine self-administration and may prevent regular patterns of
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substance use from being established28. In humans this could mean that exercise
potentially could have a “preventive” effect, so that an individual would be less likely to
progress from experimenting with cocaine to becoming a regular user.
The maintenance phase of drug use is entered when stable patterns of usage have
been established. When both male and female rats had access to a running wheel at the
same time as having access to the ability to self-administer cocaine, access to and use of
the wheel has been found to decrease self-administration. It is worth noting that the
finding was only statistically significant in the female rats30. Investigators first gave male
and female rats access to a running wheel, then taught them self-administration and gave
them access to cocaine only, without the wheel. The cocaine and wheel access were then
concurrently available, followed by a period when only the cocaine was available. When
the rats had wheel access, cocaine infusions decreased by 21.9% in males and 70.6% in
females compared to when rats had access to cocaine only30. Investigators also found that
the exercise/self-administration relationship was reciprocal, as concurrent access to
cocaine decreased wheel-running in both male and female rats30.
Another study examining the maintenance phase used female rats raised for six
weeks from weaning either as exercisers (had running wheel access) or sedentary (no
access) before implantation of catheters and self-administration training. The number of
responses (lever presses) required to obtain an infusion of cocaine increased during a
session until responding (lever presses) ceased, i.e. the breakpoint31. Breakpoints were
found to be lower in exercising compared to sedentary rats, leading to fewer infusions
and a lower amount of total cocaine intake per session in the exercising rats31. The main
finding was that long-term voluntary exercise decreases sensitivity to the positive-
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reinforcing effects of cocaine in female rats, suggesting that exercise may have
“protective effects.”31
Substance-abusing humans tend to progressively escalate their drug use over
time32, 28, and the same pattern is seen in rats if access to a drug is extended by
lengthening daily self-administration sessions33. Smith et al. (2011) obtained male and
female rats at weaning, then raised them for six weeks as either exercising (had running
wheel access) or sedentary (no access) before catheter implantation and training in selfadministration. For 14 days the self-administration sessions were extended to 6 hours
each, allowing unlimited lever presses during that time and access to running wheels for
the exercisers. Both groups escalated their cocaine use, but exercising rats did so
significantly less than the sedentary rats. Female rats escalated cocaine use more than
males, but exercise attenuated escalation in both34.
Another arm of the aforementioned study34 gave a group of rats, raised and
trained the same as was previously described, the ability to “binge” on cocaine. All rats
were given 23-hour access to unrestricted cocaine self-administration with 72 hours
between each self-administration session. The exercising rats self-administered
significantly less cocaine than the sedentary rats during those 23-hour periods, and ended
their “binges” 2.3 hours sooner. This was observed in both the male and female rats34.
These findings suggest that exercise could protect against binges of excessive drug
intake, and may be an effective treatment intervention in populations with high rates of
compulsive substance abuse28.
The final stage of drug use is relapse/reinstatement after cessation, and
investigators have been able to mimic this stage in animals as well. Smith et al. (2012)

12

obtained rats at weaning and raised for six weeks as either exercisers (had access to
running wheel) or sedentary (no wheel access). They were then trained to self-administer
cocaine and allowed to do so for 14 days. Extinction of drug use was brought about by
replacing the cocaine supply with saline for seven days. The exercising and sedentary
rats had similar levels of self-administration with the cocaine, but the sedentary rats
responded more than the exercisers in extinction, i.e. they pressed the lever even though
they only received saline35. The researchers brought about extinction again, then looked
at cue-induced reinstatement, which was relapse to drug-seeking behavior after exposure
to environmental stimuli associated with drug use. They also looked at drug-primed
reinstatement, which was relapse to drug-seeking behavior after an injection of cocaine.
In both instances, sedentary rats responded (pressed the lever to obtain cocaine)
significantly more frequently than did the exercisers, and the same was true for both
males and females35.
Incubation of drug-seeking is important in drug research. Incubation is defined as
where drug cravings are low during the initial period of cessation of use, but then after a
period of abstinence (as long as 28 weeks in humans) there is a return of intense craving
brought about by drug-paired cues36. In a study by Zlebnick and Carroll (2015), female
rats were trained for 10 days to self-administer cocaine, then went through either a three
or 30-day withdrawal period when they did not have access to cocaine or cocaine-paired
cues. During withdrawal each group also had access to either a locked or unlocked
running wheel. After the withdrawal period the rats were returned to the cocaine selfadministration chamber, where they were exposed to cocaine-paired cues but their
responding (lever presses) did not yield cocaine. There was a notable increase in drug-
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seeking behavior in the locked versus unlocked 30-day group when the behavior was
measured in response to cocaine-paired cues36. There were no differences between the
locked versus unlocked 3-day groups. The locked 30-day group had a greater level of
responding than the locked 3 day group, demonstrating incubation of drug-seeking
behavior during abstinence. A greater level of responding (lever presses) was not seen in
the unlocked 30 versus three-day groups, indicating that exposure to exercise may
prevent the incubation of drug-seeking behavior36.
The timing of exercise in relation to relapse has also been investigated. In a study
by Beiter et al. (2016) male rats were trained to self-administer cocaine, with 10 days of
24-hr-per-day access followed by a 14-day period of abstinence. During abstinence the
rats were either sedentary or given access to a running wheel on days 1-7, 8-14, or 1-14;
then access to self-administration was returned. The early (1-7) and throughout (1-14)
exercisers had lower levels of responding (although not significantly different between
the two groups) than did the sedentary and late (exercise on days 8-14) exercisers. The
late exercisers also had a higher level of responding than the sedentary group, but the
difference between the groups was not statistically significant. The results showed that
exercise during early abstinence, even though there was no exercise on days 8 through
14, was as effective as exercising throughout abstinence at decreasing lever presses when
cocaine was again available37. These findings suggest there is a persistent beneficial
effect of exercise and that timing of exercise initiation, in relation to beginning of
abstinence, is more important than length of exposure to exercise37.
Recent research has also examined the effects of single, short bouts of acute
exercise and of resistance exercise on cocaine self-administration. In a study by Smith et
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al. (2016) male rats were exposed to acute bouts of exercise, running for 0 (sedentary), 30
or 60 minutes, and then given immediate access to a self-administration session or to a
self-administration session that began 12 hours after exercise38. When the selfadministration session was immediately after running, there was a significant decrease in
self-administration in an output-dependent manner. The greatest reduction in cocaine
intake was seen in the 60-minutes run group and the smallest reduction in cocaine intake
was seen in the sedentary (0 minutes of running) group. However, there was no
significant decrease in self-administration when the wheel-running was 12 hours prior to
the self-administration session38. Virtually all other studies have involved a longer
history of exercise, but Smith et al. (2016) indicate that history of exercise might not be
necessary for exercise training to produce a rapid and significant reduction in cocaine
intake38.
In contrast to all the studies that have used aerobic exercise, Strickland et al.
(2016) investigated the effects of resistance training on cocaine use. Strickland et al.
(2016) used female rats that were either sedentary or participated in simulated
resistance/strength training by climbing a ladder wearing a weighted vest39. Rats were
trained in three-set pyramids, where they did eight ladder climbs carrying 70% of their
body weight (BW), six climbs carrying 85% of their BW, and four climbs carrying 100%
of their BW. These rats were also taught self-acquisition of cocaine. Strickland et al.
found that exercising rats responded (pressed the lever for cocaine access) significantly
fewer times than sedentary rats39. Further, this experiment was repeated three months
later with a different cohort of rats but had the same results39. These findings suggest that
resistance training may be a potential therapy to decrease cocaine use in humans.
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The literature investigating exercise as a treatment for cocaine use in rats has
found that exercise holds great promise for all the stages of drug use through which
humans progress. However, while studies in rats may be important, they are very
different from humans. Consequently, non-human primate models may be more
valuable. It has been shown in monkeys that environmental enrichers can decrease
cocaine reinforcement73, 74. Nader & Wolverton (1991) trained rhesus monkeys to selfadminister cocaine after being implanted with catheters, and also to choose between
cocaine and food. When the amount of food was held constant and the cocaine dosage
was varied, the preference of cocaine over food increased as dosage increased73. But
when cocaine dosage was held constant and the amount of food was varied, the monkeys
decreased the choice of cocaine as the amount of food increased. These findings suggest
that increasing the magnitude of a non-drug enforcer decreased the frequency of cocaine
choice and total cocaine intake73.
In another study, monkeys that had been taught to self-administer cocaine were
exposed to environmental stimuli hypothesized by investigators to be either enriching
(treats and having enlarged cage space) or stressful (a rubber snake). Although not all
monkeys were affected and the effects were temporary, brief exposure to either
environmental stressors or enrichment altered cocaine choice and suggest that positive
changes in environment produce desirable effects in cocaine self-administration74.
Although speculative, these findings suggest that the addition of exercise into daily
activity may produce a positive environmental change which could lead to a reduction in
cocaine use.
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Human Research on Exercise and Addiction
Based on preclinical work with animals, exercise would seem to hold promise for
treatment of addiction in humans. However, there is a paucity of human research into
this topic and existing research has mainly been limited to small pilot studies. The largest
amount of research on exercise and addiction has been done on nicotine/tobacco use,
followed by alcohol, and then illicit drugs. There has been little research on exercise,
specifically for cocaine abuse/addiction.
In 2012 a review was performed regarding studies of exercise and physical
activity for the treatment of substance abuse disorders. The review searched studies
published in English or German between 1970 and 201140. Seventeen randomized
controlled trials (RCTs) were found on exercise for nicotine use and dependence40. The
review authors noted that RCTs regarding exercise for alcohol use and dependence are
extremely rare, finding only nine studies40. No studies that met RCT criteria for illicit
drug use were found, although eight non-RCT studies were identified that examined the
therapeutic effects of exercise in drug-dependent individuals40. However, one of those
studies involved a non-traditional Chinese practice called qigong, which includes
meditation, relaxation, guided imagery, deep tranquility, mind-body integration, and
breathing exercises26.
A 2015 review by Linke and Ussher75 failed to identify any new studies of
exercise and illicit drug use since the 2012 review.
Nicotine/Tobacco
Regarding nicotine/tobacco use, in five of the studies that Zschucke et al. (2012)
reviewed there was no difference in abstinence between regular exercisers and non-
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exercising controls41, 42, 43, 44, 45. One study did find higher abstinence from
nicotine/tobacco after one and two weeks of exercise, but this behavior was not
maintained at six weeks of follow-up46. Eight studies found a trend toward abstinence
and reduced cravings in exercisers47,48, 49, 50, 51, 52, 53, 54. One study found a higher rate of
abstinence among exercisers, but that was not maintained at six and 12 month followups55. Another study showed that there was no improvement in abstinence among
exercisers, but fewer exercisers smoked cigarettes 26 weeks after the intervention
ended56.
Alcohol
Of the 9 studies involving alcohol dependence reviewed by Zschucke et al.
(2012), one study examined subjects in outpatient treatment57, one study examined
subjects in both inpatient and outpatient treatment58, and one study examined subjects
who were heavy drinkers but without clinical diagnosis of alcohol abuse or dependence60.
Subjects in the other six studies were in inpatient treatment. Two studies reported
significantly higher abstinence rates at 3-month follow-up among the exercisers57, 59.
Murphy et al. (1986) found a significant reduction in alcohol consumption during the
treatment and trend for reduction during the follow-up among the exercisers60. One study
reported no significant difference in abstinence rates, but did observe fitness gains and
improvement in mental health aspects such as anxiety and depression among the
exercisers58. Another study found significant reductions in alcohol cravings, though the
exercise intervention also had other components making it unclear which behavior was
related to the changes in craving61. Three of the studies had no alcohol-related outcomes
reported, but did report fitness gains and improvements in mental health items such as
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anxiety, depression, stress, and paranoia62, 63, 64. One study reported only that there were
no differences regarding drinking episodes between groups, as observed by staff, but
fitness gains and improvements in mental health were seen among exercisers65.
Illicit Drugs
Of the eight studies that used exercise interventions for illicit drug users, five
reported drug-use-related results. All five found significant improvements in abstinence
or decreased drug usage with exercise66, 67, 68, 69, 70. Of those five studies, three used
subjects who were in treatment for drug use67, 68, 70, one study examined participants who
were not seeking treatment66, and one study used a mix of treatment and prevention
programs69.
In one of the five studies the substance(s) being abused was not specified70. In
one study the substance being abused was cannabis (marijuana)66, and in three studies
subjects were addicted to mixtures of substances without separating: cigarettes, alcohol
and marijuana70; alcohol, cocaine, marijuana, opiates and sedatives67; and cannabis,
opiates, cocaine, heroin, amphetamines, medicine (type not specified) and alcohol68.
None of the studies looked at cocaine use specifically.
The types of exercise used in the interventions were also varied. One utilized
aerobic treadmill exercise66, while another used the aerobic exercise modes of treadmill,
recumbent bike, or elliptical67. A Danish study used both aerobic (type not specified) and
resistance exercise68; a study involving adolescents did not specify exercise type69, and
one with subjects who were homeless veterans utilized membership on a softball team
with a weekly game and twice-weekly practices for six months/three “seasons” of a city
league70.
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All five studies had positive outcomes, though outcome definitions were not
standardized. Burling et al. (1992) did not specify substances being abused but found
that softball team members were more likely to complete treatment than those not on a
team. Further, team members also had significantly higher drug/alcohol abstinence at
three-month follow-up after treatment70. Roessler et al.’s (2010) subjects used a mix of
cannabis, opiates, cocaine, heroin, amphetamines, medicine (type not specified) and
alcohol and completed a two-month intervention using unspecified aerobic exercise and
weight training. The results suggest that substance intake and urges had decreased at the
end of the intervention, but this study was limited because there was no control group68.
Collingwood et al.’s (1991) cohort of adolescents were either in treatment for use of
cigarettes, alcohol, or marijuana or in a substance abuse prevention program. At the end
of nine weeks those who improved their time on a one-mile run the most had a lower
percentage of multi-drug use and a more significant gain in percentage of abstainers than
those who didn’t69. Buchowski et al. (2011) used participants who were non-treatmentseeking cannabis (marijuana) users and who participated in a two-week intervention
utilizing aerobic treadmill exercise. This study demonstrated a statistically significant
decrease in cannabis usage per day during exercise treatment, but also a statistically
significant increase in cannabis usage per day during follow-up. However, the craving
for cannabis was found to be significantly reduced by exercise66.
A study by Brown et al. (2010) may offer the most promising results related to
exercise and substance abuse. Subjects in this study were a mix of alcohol, cocaine,
marijuana, opiate and sedative users in treatment who participated in a 12-week aerobic
exercise intervention. The results demonstrated a statistically significant increase in
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percentage of days abstinent during the intervention and at follow-up. Those who
attended ≥75% of the sessions (attenders) had more abstinence than those who attended
<75% of the exercise sessions (non-attenders). Non-attenders were 80% likely to relapse,
while attenders were only 20% likely to relapse67.
Two studies which used exercise interventions for subjects with
abuse/dependence of illicit drugs have been published since the 2015 review by Linke
and Ussher. One study utilized an eight-week program of aerobic and resistance exercise
for methamphetamine users versus sedentary control for methamphetamine users71.
Though not statistically significant, fewer exercisers returned to methamphetamine use
after one, three and six months compared to sedentary subjects. The results appear to be
better for those who were lower-severity users (≤18 days/month) at baseline than for
those who were higher-severity users (>19 days/month) at baseline71. The other study
utilized a four-week treadmill exercise program of either walking or running versus a
non-exercise control group for concurrent cocaine and tobacco users who were seeking
treatment but not in treatment. Both the exercisers and the controls received
computerized cognitive behavioral therapy72. Although not statistically significant,
results indicated that regular exercise improved abstinence from cocaine, verified by
urine drug screen, and self-report within the last 24 hours. There was no significant
difference in cocaine cravings but there were non-significant reductions in number of
cigarettes smoked and smoking urges72. This was the first published study that examined
the potential of exercise as treatment specifically for cocaine addiction.
Fischer et al.’s 2015 review of English-language studies investigating the
effectiveness of secondary prevention and treatment interventions for crack cocaine abuse
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divides its treatment intervention discussion into three sections: psycho-social treatment,
adjunct/ancillary treatments, and pharmaco-therapeutic interventions90. There are no
exercise interventions in the adjunct/ancillary treatment section.
Although results have not yet been reported, a multisite randomized controlled
trial has been done which compared exercise (EX) to health education (HE) as treatment
for abuse of stimulants including cocaine, as well as methamphetamine, amphetamines or
other stimulants except nicotine or caffeine98. This is the STRIDE study (Stimulant
Reduction Intervention using Dosed Exercise)98, results of which have not yet been
published. All participants in the study were receiving treatment as usual throughout,
which included inpatient substance abuse treatment at the start of the intervention and
transitioning to outpatient treatment or community care98. Participants underwent a
medical history and exam as well as maximum exercise test prior to beginning exercise,
for safety and exercise prescription98. Both study arms included supervised sessions three
times per week during the initial 12-week acute phase of the study, then had supervised
sessions once per week for six months following96. The exercisers engaged in vigorous
intensity aerobic exercise on a treadmill, either walking with a grade or running with a
ramp-up of intensity over the first three weeks98. The health education group viewed
educational items presented to them during sessions, so that they were receiving
equivalent attention96.
STRIDE investigators cited the lack of a gold standard endpoint for studies in this
field, and indicated that a standardized endpoint is needed for comparison across
studies97. It was noted that long-term continuous abstinence is the clinical goal for
stimulant use disorders but may be unrealistic97. Therefore, STRIDE utilized the primary
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endpoint of percentage of days abstinent as measured by Timeline Follow Back, aided by
using a take-home Substance Use Diary to assist recall, and confirmed by urine drug
screen thrice weekly during 12-week acute phase of the study97. Investigators noted the
challenge of designing and implements an exercise intervention because of the unique life
situations, unstable living conditions, complex medical situations, and multiple comorbidities in this population98. The results of this study, when published, are certain to
be enlightening.
The aforementioned De La Garza et al. (2016) study did not indicate what form
of cocaine its participants used and was also published after the Fischer et al. review. At
this time the De La Garza et al. (2016) study stands alone as an investigation of the
effects of exercise on cocaine use in humans. However, this study did look at exercise
for concurrent cocaine and tobacco use, and its participants were all in or seeking
treatment at the time of recruitment72. The study’s participants did earn $700.00 if they
completed all study visits and were provided with running shoes and socks, running
shorts, and a T-shirt, which they were allowed to keep if they completed the protocol.
The study had a > 90% retention rate. There has yet to be a study published seeking
evidence regarding the effects of exercise solely on cocaine use rather than concurrent
substances, one that does not utilize subjects currently seeking treatment for substance
use, one investigating exercise as sole therapy for cocaine addiction, or one looking at
exercise as potential treatment for substance abuse in the subpopulation of the homeless.
Purpose
Promising preclinical findings in animal research report the positive effects of
exercise on cocaine use, suggesting that exercise may also have positive effects on
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humans. Current research also supports the utilization of exercise in treatment for use of
the substances nicotine and alcohol and therefore suggests that it might be useful in
treatment for the use of other substances as well. However, there is a dearth of human
research into the area of exercise as treatment for cocaine usage and addiction,
particularly in the homeless population.
Thus, the purpose of this study is to determine the feasibility of homeless cocaineusing men, who are not currently in or seeking treatment for their cocaine use,
participating in a standardized exercise regimen for six weeks. The specific aims of this
study are the assessment of the feasibility and acceptability of recruiting homeless
cocaine-addicted men from a local homeless shelter for an exercise intervention,
examining adherence and retention rates of homeless cocaine-addicted men participating
in a standardized exercise intervention, and assessing the feasibility and acceptability of
the physical assessment and other outcome measures utilized.
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METHODS
The purpose of this study was to determine the feasibility of homeless cocaineusing men, who were not in or seeking treatment for their cocaine use, participating in an
exercise intervention for up to six weeks in order to determine the effect(s) of exercise on
their cocaine use.
Participants
Ten homeless adults were sought for a six-week exercise program. It was
anticipated that fifteen individuals would be consented in order to obtain a sample of ten
individuals approved to take part in the program. Participants were originally recruited
from a homeless shelter for men in Winston-Salem called Samaritan Ministries.
Recruitment was conducted via announcement by a study team member at a monthly
meeting at which all shelter guests were present as well as by flyers posted at the shelter
and by word of mouth. Recruitment was later expanded by posting the flyers at other
area homeless shelters and at other community locations such as libraries and health
centers.
Inclusion
Interested individuals met with one of the study team members to determine
whether they met the screening criteria. Initial inclusion criteria were as follows: male,
age 18-64, having self-reported use of cocaine within the past 30 days, currently
homeless and living at Samaritan Ministries men’s shelter, willing to participate in a sixweek exercise intervention to be held at the Samaritan Ministries facility, and willing to
participate in a physical exam, physical activity testing to include a graded exercise
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“stress” test (GXT), and follow-up visit and testing at the Clinical Research Center
(CRC) of Wake Forest University (WFU) with transportation provided to this location.
Participants were limited to males for two reasons. First, the shelter where the
recruitment and intervention were to be held only serves males and the study was
investigating whether this type of intervention could be added into existing services. If
successful, the study team planned to assess the feasibility of an exercise intervention
with women later at a different setting. Secondly, based on the Principal Investigator’s
extensive clinical experience, it was felt homeless women do not want to participate in
group activities with men.
Due to difficulties with initial recruiting efforts, the inclusion criteria were
expanded in two ways. The requirement that an individual had used cocaine within the
past 30 days was expanded to require that an individual had used cocaine within the past
year. Further, the requirement that an individual reside at Samaritan Ministries shelter
was expanded to include individuals who were homeless and resided at any homeless
shelter in Forsyth County. At that time, recruitment flyers were posted in two other
homeless shelters, as well as at local libraries and the Samaritan Inn soup kitchen.
Exclusion
Individuals were excluded if they were impaired by any substance or actively
psychotic at the time of enrollment or had any type of cognitive impairment that would
preclude them from giving informed consent at the time of enrollment. Determination of
these exclusion conditions was based on observation by a trained study team member.
Other exclusion criteria were as follows: having a legal guardian, regular exercise (≥ 30
minutes three times per week), a physical impairment or condition that would prevent
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them from doing physical exercise, having been told by a physician within the past year
that they should not exercise, or answering “Yes” to the following question: “Have you
been told that you had a heart attack or stroke, or have you had eye, chest, or abdominal
surgery within the past three months?” Any individual that met the screening criteria was
offered the opportunity to review the informed consent, ask any questions regarding the
informed consent, and enroll.
Table I: Final Inclusion/Exclusion Criteria
Inclusion Criteria:
Exclusion Criteria:
- Male

- Impaired by substance, psychotic, or

- Age 18-64

cognitive impairment

- Homeless

- Has legal guardian

- Staying at any Forsyth County shelter

- Regular exerciser

- Willing to participate in 6-week

- Told by physician within past year not

exercise intervention

to exercise

- Willing to undergo initial and follow-

- Heart attack, stroke, or eye, chest, or

up physical assessments

abdominal surgery within last 3 mos.

- Cocaine use within past year

-Physical impairment precluding
Exercise

Assessments
Once a subject was enrolled a physical and behavioral assessment was conducted
at the WFU CRC. The purpose of the physical assessment was to ensure that participants
were evaluated by a physician and were determined to be safe to participate in a vigorous
intensity exercise intervention. The behavioral assessment included a brief survey about
the subject’s life and behaviors, as well as an interview by a study team member. The
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behavioral assessment was repeated at three weeks after the intervention started, the end
of the intervention, and three weeks after the end of the intervention. The physical
assessments included the 6 Minute Walk Test (6MW), anthropometric measurements,
and a urine drug screen (UDS) and were repeated at the end of the six-week intervention.
Participants also completed an exit interview survey at the final nine-week assessment.
Physical Assessment
The physical assessment included a brief exam by a physician as well as a graded
exercise “stress” test (GXT), the 6MW and anthropometric measurements. American
College of Sports Medicine (ACSM) Guidelines for Exercise Testing (9th edition) were
adhered to for all exercise tests.
Participants underwent a GXT in order to screen for any abnormal cardiovascular
responses or other potential contraindications to the exercise program. Medical history
and current medications were obtained prior to conducting the GXT, including any acute
illness or injury that might affect the validity of the test. Baseline resting information on
heart rate (HR), blood pressure (BP), and electrocardiograms (ECGs) was obtained and
then the participant began to walk on a motor-driven treadmill at a very low level that
gradually progressed to a higher speed and grade every two minutes. During the GXT a
12-lead ECG was continuously monitored and printed at the end of every two-minute
stage. Any arrhythmia or ST-segment change was documented and BP was taken during
the last minute of every stage. The test was terminated when the participant wished to
stop due to fatigue, shortness of breath, pain, etc. or when the attending physician decided
to terminate the test in accordance with established test termination criteria. Once the test
was terminated, the participant was placed in the supine position while still connected to
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the ECG and BP cuff to continue recovery. Recovery continued for a minimum of six
minutes until HR and/or BP had returned to resting values and the participant was stable.
An estimated MET level was determined based on the ACSM equation, which is based
on maximum speed and grade obtained during the GXT. The medical doctor supervising
the test made the decision whether the participant was allowed to proceed to take part in
the exercise intervention. The GXT was only performed at baseline, primarily for
screening, and not at follow-up.
The 6MW for assessing submaximal exercise capacity was administered by
trained study personnel on the 120-meter track of the WFU CRC. Participants were
instructed to walk at their own pace while trying to cover as much ground as possible in
six minutes. The same course and procedures were used at baseline and follow-up
testing. Anthropometric measurements including body weight and percent body fat were
also measured using a calibrated scale, skinfold calipers and the standard three-site
skinfold techniques for men.
At both the baseline and follow-up fitness assessments participants were tested for
the presence of cocaine and other drugs of abuse using the iCup Drug Screening Device
(Redwood Toxicology Laboratory), which was provided to each participant to collect his
own urine specimen. The test kits generated a result on the outside of the test unit which
was logged by a study team member. The participant then disposed of his own urine in
the restroom.
Behavioral Assessments
Basic demographic data was collected from each participant, along with
information about participants’ history of homelessness, current and past substance abuse
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treatment if any, attendance at 12-Step or other self-help meetings, health and mental
health problems, current medications, and employment status. Assessments regarding
substance abuse, social support and psychiatric symptoms- all factors that might be
directly or indirectly impacted by the intervention- were conducted to see if these
measures are appropriate for use in this population. The following assessments were
used at baseline and follow-up.
The Addiction Severity Index (ASI) was used to assess substance use severity.
The ASI is a semi-structured interview tool that assesses problems in a variety of life
domains: medical, employment/support, drug and alcohol use, legal, family/social and
psychiatric91. The questions assess lifetime and past-30-days behavior91. The Timeline
Follow Back (TLFB) was used to assess the frequency of use of cocaine and other
substances in the six months prior to study enrollment and during the entire time of the
study period. The TLFB is a calendar-based method of obtaining retrospective reports of
behaviors. It has been previously used in research with persons who are homeless and
has established reliability as a means of assessing cocaine use and other substances84.
Social support was assessed using the Multidimensional Scale of Perceived Social
Support. This is a 12-item measure with three subscales that uses a seven-point Likert
scale. It has established psychometric properties85 and has been used in other research on
substance abuse86, 87. To assess severity of psychiatric symptoms the Modified Colorado
Symptom Index was used. This 14-item measure was developed for use in treatmentoutcome studies and has established psychometric properties for use with homeless
adults88.
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Exercise Intervention
The exercise intervention for this study originally consisted of eighteen sessions
of an aerobic exercise class over six weeks. However, one session was canceled when it
became known that the sole individual who was participating in the exercise intervention
sessions at that time would be unable to attend the session due to a doctor’s appointment.
Therefore, total number of exercise intervention sessions offered was seventeen. The
sessions were held three times per week on Monday, Tuesday and Thursday evenings in
the lobby area of the Samaritan Ministries homeless shelter at 5:00pm, 1.5 hours before
the shelter was open to other shelter guests. Having the intervention at this time allowed
participants to check into the shelter early, which was anticipated to be a way to attract
participants. Only study participants were allowed to take part in the exercise sessions at
the shelter. Each session was a one-hour standardized, pre-choreographed Body Attack
or Body Combat cardio class developed by the Les Mills fitness corporation (Les Mills
International). Each session was led by two instructors from the YMCA of Northwest
North Carolina who are certified to use the exercise routines and music developed as part
of the Les Mills group exercise system. These routines include a five-minute warmup
and five-minute cooldown.
Prior to the start of each session, participants checked in with a study team
member and had resting heart rate and blood pressure measured and recorded. Twice per
week, just prior to participating in an exercise session, participants provided a urine
sample that was used to test for the presence of cocaine and other drugs of abuse. This
UDS was performed following the same procedures as at the time of initial physical
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assessment. Heart rate and blood pressure was measured and recorded again at the end of
each exercise session.
A study team member was present for the duration of all exercise sessions and a
log was kept of each participant’s attendance, heart rate and blood pressure prior to and
following each exercise session, and total minutes (out of 60) that each participant
exercised at each session.
Compensation
Each participant was given two shirts and two pair of shorts to wear during the
exercise sessions and to keep after completion of the study. Participants were also given
a pair of sneakers to wear for each exercise session. If the participant completed the
study he was able to keep the sneakers. However, until then he turned in the shoes at the
end of each session for study staff to keep until the next session. For study assessments,
the participant was paid in the form of gift cards; $15.00 for the first assessment visit at
the CRC, $20.00 for the week three assessment, $20.00 for the week six assessment,
which included follow-up assessment at the CRC, and $20.00 for the final assessment at
the end of the study.
Exit Interview Survey
At nine-week follow-up an Exit Interview survey was administered to
participants. The survey consisted of six questions where the participants were to choose
an answer number between one and ten, with one being poor and ten being excellent.
These six questions asked about overall class experience, intensity level, length (in
minutes), location and time of day of the class as well as the class instructors. The survey
also contained one question asking how likely it was that the participant will continue to
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exercise. For this question the participant was to choose a number between one and ten,
with one being very unlikely and ten being very likely to continue to exercise.
The Exit Interview survey also asked which class format the participant liked
best, whether the participant noticed a decreased interest in using cocaine when
exercising and the day after exercising, whether the participant did any other exercise
while in the study, and what the participant liked best and least about the study.
Instructor Debriefing
After all exercise intervention sessions were completed, the study team held a
meeting with the Les Mills instructors. The instructors were asked for feedback, and
offered suggestions about what might have been done to improve the exercise
intervention sessions. The first suggestion was that “exercise class” may have been the
wrong wording to use to attract potential participants. It was suggested “fitness session”
or “training workout” be used instead. At this meeting the study team learned that the
two Les Mills classes utilized had a “Smart Start” option, which would be a shortened
version of the classes using the first five music/exercise tracks. Each session using this
option would be approximately 30 minutes long rather than 60 minutes. The instructors
suggested that using this Smart Start option for the first few classes could assist the
participants in feeling more in control and more successful before progressing to the full
60-minute class. The instructors also pointed out that free weights are a big draw for
males and that the Les Mills Bodypump class utilizes weights. It was suggested by the
instructors that the Bodypump class be used in any future interventions with this
population.
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Analytical Plan
Descriptive statistics were utilized to analyze sample characteristics. Feasibility
was defined as recruitment rate, retention, acceptability of treatment, and limited efficacy
testing. Recruitment rate was determined by the percentage of subjects screened who
were enrolled in the study. Retention was defined as the percentage of enrolled
participants who completed nine week follow-up.
Acceptability of treatment was based on session attendance, minutes exercised,
and participant satisfaction. Session attendance was calculated by totaling the number of
sessions attended, then dividing that number by the total number of sessions multiplied
by the number of participants. Mean minutes exercised per session was calculated by
totaling number of minutes exercised by all participants at all sessions attended and
dividing that by the total number of sessions attended. Percentage of minutes exercised
was calculated by totaling the number of minutes exercised during all sessions attended
and dividing that number by the total number of sessions attended multiplied by the total
minutes in each session (60). Participant satisfaction was based on the mean of the
responses in each category of the exit survey, with 1 being Poor and 10 being Excellent,
as well as on the answers to the survey questions “What did you like best about the
study?” and “What did you like least about the study?”
Limited efficacy testing was determined by: change in the results of urine drug
screens (UDS) testing for presence of cocaine from the beginning of the exercise
intervention to follow-up, reporting of cocaine usage after the start of the exercise
intervention on the Timeline Follow Back questionnaire, change in 6 Minute Walk
(6MW) distance, and change in body weight.

34

RESULTS
This study investigated the feasibility of conducting an exercise intervention
utilizing homeless cocaine-using men as participants. The components of feasibility were
defined as recruitment, retention, acceptability of treatment, and limited efficacy.
Recruitment and Retention
A total of 25 potential subjects were screened, and of those, eleven subjects
(44%) did not qualify to participate under the initial inclusion/exclusion criteria, prior to
GXT assessment. The most common exclusions (Figure 1) were a history of stroke or
heart attack within the last 3 months (18.2%=2), being told by a physician within the past
year not to exercise (18.2%=2), not being within the required age range (9.0%=1), not
living at the Samaritan Inn homeless shelter (27.3%=3) and not having used cocaine
within the past 30 days (27.3%=3).
Figure 1: Initial Exclusions
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Once the inclusion criteria were amended to cocaine use within the past year, all
three subjects who had been ineligible due to no cocaine use within the past 30 days
became eligible. Two of those subjects did enroll in the study, and one attempted to
enroll but was screened out as a result of his abnormal GXT. The subjects who were not
living at the Samaritan Inn homeless shelter at initial screening would have become
eligible for the study when inclusion criteria were amended to allow residence at any
homeless shelter in Forsyth County. However, a study team member tried to locate or
contact those subjects via contact information they had provided but was unable to do so.
Ten of the screened subjects (40%) who were eligible to participate in the study
declined to do so (Figure 2). Thirty percent (30%= 3) of these subjects declined to
participate because they did not want shelter staff to know that they had used or were
using cocaine. These subjects stated that they were afraid of losing their residence at the
Samaritan Inn homeless shelter since drug use is not permitted. These subjects also
stated that they were afraid that the shelter staff would treat them differently and would
be judgmental if staff knew that they were using or had used cocaine. Each of these
subjects indicated having a history of denied drug use to shelter counselors when asked
because of fear of losing shelter services and that shelter staff would be aware of their
drug use if they enrolled in the study.
Another 30% (30%= 3) of subjects declined to participate because participation in
this study was not lucrative and they could “make more money by panhandling.” Other
common reasons for declining participation were lack of interest in exercising (20%= 2),
inability to be available during intervention hours due to work (10%= 1), and intent to
move out of the Winston-Salem area in the near future (10%= 1).
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Figure 2: Reasons for Declining Participation

Of the 25 potential subjects screened, seven subjects (28%) were eligible under
the final inclusion/exclusion criteria. Of those seven subjects, two became ineligible
based on their abnormal graded exercise “stress” test (GXT) results obtained at initial
assessment. The remaining five subjects enrolled in the study, for a recruitment rate of
20%.
It should be noted that all seven of the individuals that were recruited did
successfully meet the taxicabs at the shelter and arrived at the CRC at the appointed times
for assessments. None of the seven displayed signs of intoxication, as determined by the
medical doctors supervising the graded exercise “stress” tests, upon arrival at the CRC.
Furthermore, none of the five enrolled participants exhibited signs of intoxication at the
beginning of any exercise intervention session. During the exercise intervention sessions
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there were no medical issues observed while engaging in the vigorous exercise or
afterwards.
Retention in the exercise program was very low, with only two of the five
participants (40%) completing nine-week follow-up assessments and the exit interview
survey. One of the three drop-outs never attended any of the exercise intervention
sessions after completing the initial assessments and was no longer residing at Samaritan
Inn at the time exercise intervention sessions began. His location during the study was
unknown. Another drop-out attended four sessions and then moved to Greensboro to
reside there. He did not have his own transportation and therefore did not return for
exercise sessions or follow-up testing. The third individual, who dropped out after the
first exercise intervention session, obtained permanent housing and did not have
transportation to return to Samaritan Inn to continue the intervention.
Sample Characteristics of Participants
Enrolled participant demographics are displayed in Table I. The baseline sample
included five men who were homeless and had used cocaine within the past year. The
mean age of the sample was 53.4 (SD=3.2) years, with participants ranging from 50 to 58
years old, and the entire sample was African American. Mean years of education
completed was 12.2 (SD=.9), with 60% having some college education. Sixty percent (3)
of the sample was divorced, while 40% (2) had never been married. Mean BMI of the
sample was 34.0 (SD=2.2). One hundred percent of the sample stated that they did not
exercise ≥ 30 minutes three times per week, but 100% of the sample used walking as
their main method of transportation. Sixty percent (3) of the sample had used cocaine
within the past 30 days, while 40% (2) of the sample had used cocaine within the past
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year but not within the past 30 days. Number of times homeless, including the present
time, ranged from one to eight, with 40% (2) of the sample homeless for the first time,
40% (2) of the sample homeless for the 2nd to 5th time, and 20% of the sample (1)
homeless for > five times. Eighty percent (4) of the sample had a diagnosed mental
health disorder. Results of the urine drug screen at the initial assessment are presented in
Figure 3.
Table II: Sample Characteristics of Enrolled Participants
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Figure 3: Initial Assessment Urine Drug Screen Results (N= 5)

Acceptability of Treatment
Acceptability of treatment was based on exercise session attendance, minutes
exercised, and participant satisfaction as indicated on an Exit Interview survey at nineweek follow-up. Of 17 total exercise intervention sessions offered over six weeks, the
mean number attended was five (SD=5.73). Based on the total number of sessions
attended, an attendance rate of 29.41% was calculated. The mean number of minutes
exercised per session attended was 49.28. Based on a total number of minutes of exercise
performed per session, out of a total number of possible minutes exercised per session, it
was calculated that participants exercised for 82.13% of possible minutes during the
intervention.
Two participants completed nine-week follow-up assessments and both completed
the Exit Interview survey as part of that follow-up. Mean results of the survey are
presented in Figure 4. Where 1 is Poor and 10 is Excellent, one participant rated the
40

overall exercise class experience as an 8 and the other rated overall exercise class
experience as a 10. Where 1 is Very Unlikely and 10 is Very Likely, the answers of both
participants to the question “How likely is it that you will continue to exercise?” were 10.
One participant indicated that he noticed a decreased interest in using cocaine when
exercising and the day after exercising. The other participant answered that those
questions were “* Not Applicable.”
Figure 4: Exit Survey Ratings at 9 Weeks

In answer to the question “What did you like best about the study?” one
participant answered “Getting to know individuals, getting to relate, getting to talk to
someone who can relate, intellectual conversation.” The other participant responded
“The Girls” (referencing the YMCA instructors). In answer to the question “What did
you like least about the study?” one participant answered “Nothing” and the other
participant responded “Location; rather go to the YMCA or a place less “spotlighted.””
One of the participants (#5) who participated all the way through to the nine-week
follow-up stated to a study team member before one of the exercise intervention sessions
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“This is tough when you’re doing it but you sure feel good afterwards. It’s kind of like a
high. Actually, it’s better than the high you get from drugs.”
Limited Efficacy Testing
Investigators were not expecting to see any statistically significant changes as this
study was a very small feasibility study. However, several potential outcomes for a
larger study were explored.
Cocaine usage, as measured by urine drug screens at baseline and nine-week
follow-up, was negative at both time points for the two participants who completed the
study (#5 & #7). Cocaine usage as measured by self-report on the Timeline Follow Back
questionnaire indicated that at baseline one participant hadn’t used cocaine since June
2016 and at 9-week follow-up had not used it at any time after beginning the exercise
intervention. At initial assessment the other participant reported his most recent use of
cocaine as nine days before completing the Timeline Follow Back and at 9 week followup reported that he hadn’t used cocaine at any time since beginning the exercise
intervention.
The participant who attended the most exercise sessions (15 of 17) lost one pound
over the six weeks but had a decrease of 56.5 meters (10%) on the 6MW. The other
participant that completed the six-week physical assessment, but was much less
compliant to the exercise program (4 of 17 sessions), lost three pounds and had a 82
meter (13%) decrease in 6MW from baseline to follow-up.
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DISCUSSION
The purpose of this study was to determine the feasibility of homeless cocaineusing men, not in or seeking treatment for their cocaine use, participating in a
standardized exercise regimen for six weeks. The long-term goal is to utilize the findings
of this feasibility study to inform the design of a pilot study and to eventually progress to
a randomized controlled trial investigating exercise as a substance abuse treatment for
homeless men who use cocaine.
The conceptual model of feasibility utilized for this study was derived from
Bowen et al.89 and the components of feasibility chosen as measures for this study were
recruitment, retention, acceptability of treatment, and limited efficacy testing. An overall
review of the results suggests that significant changes to study design and methods would
be required in order to reproduce this study as a larger scale pilot study. However, this
study certainly helped inform the study team and guide them towards potential
amendments that could be implemented in order to increase the overall feasibility of a
pilot study.
Recruitment
Investigators knew from the onset that the study would involve a very unique
population, but found recruitment to be even more challenging than expected. Fewer
individuals were screened than anticipated, leading to a small potential sample size.
Since there is a fairly significant proportion of the homeless population using or abusing
illicit drugs76, 78 it was not anticipated that potential participants would be resistant to
having their peers in the homeless community know that they are or were drug users if
they are not currently in treatment for such use. Buchowski et al. (2011)66 was the only
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study reviewed that examined exercise and illicit drug use in participants who were not in
or seeking treatment. However, those participants were not homeless and as such did not
have shelter services to lose if their drug use became known. One alternative for the
current study would be to amend recruitment flyers to seek participants who are homeless
and would be willing to engage in an exercise or fitness regimen. The screening
questionnaire could then inquire about drug use. This approach would likely require that
more individuals be screened in order to obtain the desired number of drug-addicted
participants. However, it would keep cocaine use history from being open knowledge
and would preclude shelter staff from knowing that the study specifically sought cocaine
users. As it would cast a wider net, this approach would also be likely to produce a larger
initial pool from which a larger sample would be likely to be produced. Another
alternative would be to alter the focus of the study to specifically utilize participants who
were in substance abuse treatment programs provided as part of shelter services, thus
removing the drug use stigma entirely while still investigating the possibility of
incorporating exercise into existing shelter services. It should be noted that three of the
studies reviewed67, 68, 70 used exercise as part of substance-abuse treatment, a practice not
uncommon in substance abuse treatment programs27.
Another barrier to recruitment was that the $75.00 that participants would receive
for completing all study visits including six weeks of thrice-weekly exercise sessions was
not sufficient to induce participation. Potential participants perceived that they could
acquire more than that amount in ways that would not require them to exercisespecifically, by panhandling. De La Garza et al. (2016)72 is, to date, the only published
study which specifically investigated exercise and cocaine use. In their intervention,
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participants who completed all study visits earned $700. The visits included only four
weeks of thrice-weekly exercise sessions. It was learned through the current study that in
the homeless population potential participants will consider the amount of compensation
they might receive and weigh that against alternative methods of obtaining that amount of
money when deciding whether to participate.
In designing an exercise intervention for the homeless population, investigators
must take the general health of this population into account. Of the 25 individuals
screened, six (24%) were excluded due to health issues. Two potential participants were
excluded due to history of heart attack or stroke within the past three months, two were
excluded due to having been told by their physician not to exercise, and two were
excluded because their graded exercise “stress” tests indicated that they were not capable
of safely performing the moderate to vigorous intensity exercise in this intervention.
These results indicate that investigators must contend with the fact that health issues are
likely to be seen in this population. Therefore, attempts to screen a larger number of
people must occur and a light to moderate intensity exercise intervention, rather than a
vigorous intensity intervention, should be considered.
Retention
Investigators strive for the highest retention rate possible, in order to acquire
enough data to determine whether in fact an effect was seen. In the current study, it
appears that retention rate was affected by the “transience” of this particular population.
The two participants who completed all assessment visits (baseline and follow-up)
resided continuously at the Samaritan Inn homeless shelter, and transportation was
provided by the study to the CRC. All three drop-outs were related to the fact that each
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participant ceased residing at Samaritan Inn homeless shelter at some point after study
enrollment. It is very common for members of this population to transition in and out of
shelters. It is known that at least two of the drop-outs did not have their own
transportation. Although there may be public transportation available for participants not
living at the shelter to have attended the exercise intervention sessions, the transportation
issue may also be tied to the previously-mentioned issue of financial incentives.
Financial reimbursement was not offered to participants, not living at the shelter, who
required transportation to exercise intervention sessions.
It should be noted that Burling et al. (1992)70 was the only study to use exercise
for substance abuse treatment in homeless participants. That study had a much higher
rate of retention (67.60%) for exercisers than the current study. However, all participants
in that study were at an inpatient residential treatment center for homelessness and
substance abuse, whereas participants in the current study were not in a treatment
program.
Acceptability of Treatment
A review of the acceptability of treatment of a particular intervention involves
determining whether an intervention is suitable and attractive to the targeted individual
recipients89. If it is found that acceptability is low, investigators can determine future
amendments needed in order to increase participant satisfaction.
Acceptability of treatment, as measured by exercise intervention session
attendance, was extremely low, with an attendance rate of 29.41% and a mean session
attendance of five out of a possible 17 sessions. However, these numbers are deceiving
because the calculations include the three drop-outs; one attended no sessions, one
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attended one session, and a third attended four sessions. For one subject the attendance
rate was 94% (16 of 17 sessions).
A questionnaire was also used at the nine-week follow-up to assess Acceptability.
On a scale of 1 to 10, with 1 being Poor and 10 being Excellent, the mean rating of the
study overall was a 9, indicating very good acceptability of treatment. The lowest mean
score of 5.5 was for “Location.” One participant had listed “Location” as what he liked
least about the study, indicating that he would prefer to go to the YMCA or somewhere
else that wouldn’t be watched by others. However, in light of the previously mentioned
transportation issues, moving the exercise intervention off-site from the homeless shelter
would likely worsen the retention issues unless transportation was provided to the off-site
location. Also, moving the exercise intervention off-site would negate the study’s
attempt to integrate exercise as a treatment for cocaine use/abuse into a homeless
shelter’s existing programs.
Although “Intensity of Exercise” received a mean score of 9.5 on the exit
interview survey, a slight change to the exercise intervention should be considered. The
study team expected to attract participants in the age range of 20 to 30 years old, but in
fact all participants were 50 years of age or greater and none exercised regularly. Since
the Les Mills Body Attack and Body Combat programs utilize vigorous intensity
exercise, to increase acceptability of treatment it is suggested that Les Mills’ Smart Start
option, which reduces exercise time to approximately 30 minutes, be utilized for the
initial exercise intervention sessions. This would allow previously non-exercising
participants to adjust to the vigorous intensity exercise while maintaining standardization
of program and potentially increase the acceptability in a larger sample.
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Another method of increasing acceptability of treatment would be to alter the
payment of incentives. In the current study, payment of incentives was tied to
completion of assessments only, with incentives distributed at the first, three-week, sixweek, and final nine-week assessments. No incentives were distributed at each exercise
intervention session for attendance. In contrast, Brown et al. (2010) provided an
incentive of $5.00 for attending each exercise session67. Although overall attendance rate
was not provided in the report, the lowest attendance rate at any session was 50%67.
Tying incentive compensation to exercise session attendance as well as completion of
assessments, and offering immediate reward for attendance, may increase acceptability of
treatment and increase session attendance.
Limited Efficacy Testing
It was not expected that change would be seen in potential outcome measures
since this was a feasibility study. The negative urine drug screen results at both initial
and six-week assessments indicate no change in this behavior during the study.
However, a urine drug screen (UDS) simply indicates positive or negative and if positive
does not indicate level of cocaine usage. Utilizing the Timeline Follow Back (TLFB)
questionnaire adds refinement to the urine drug screens in that if a participant reports
substance use on the TLFB, he is also asked to indicate the amount. Therefore the TLFB
can provide a measure of usage level so that investigators may observe any change from
beginning to the end of an intervention. The combination of the UDS and TLFB
measures allows the most accurate observance of any changes in cocaine usage.
The decrease in 6MW distance for one participant (#7) was not surprising since
he only participated in four of seventeen exercise sessions. The other participant (#5)

48

participated in 15 out of 17 exercise intervention sessions, (exercising for an average of
58.33 minutes out of 60 per session) which made his decrease in his 6MW distance
unexpected. However, the high intensity Les Mills Body Combat and Body Attack
classes done in the intervention may not translate into increased performance when
testing is done with a different modality such as moderate intensity walking.
The weight changes of both individuals were minor enough to indicate no change
in this outcome. This was not an unexpected result since diet was not restricted and the
participants ate the food served at the shelter, without any control over the contents of the
meals. Moreover, six weeks is a very short time frame to expect weight loss.
Strengths and Weaknesses
Strengths of this study included utilization of a standardized exercise regimen that
is available worldwide, which allows for replication and comparison. Also, all exercise
sessions occurred in the presence of at least one study team member so that exercise
adherence, as indicated by minutes exercised, was directly observed. Further, reasons for
subjects’ declining to participate were recorded, which could assist in amending the
design of future studies to increase recruitment. Use of a graded exercise “stress” test as
a screening tool ensured safety of participants and increased probability of adherence by
ensuring study enrollment only of those for whom a prescription of vigorous intensity
exercise was appropriate. Consequently, there were no medical issues during the exercise
sessions. Use of a community-based intervention conducted at the Samaritan Inn shelter
allowed for evaluation of the possibility of integrating exercise as treatment for cocaine
abuse into current services provided by a homeless shelter. Utilizing a conceptual model
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to guide the examination of feasibility allowed specific measures to be chosen that would
best reflect whether various aspects of the study were in fact feasible.
This study is not without its limitations, some which have been previously
discussed. This was a feasibility study with a very small sample size so its power to
detect statistically significant effects on cocaine use was limited. Another limitation is
that all participants were male, so the effects of gender could not be evaluated. Lack of a
control group precluded evaluation of the effects of an exercise intervention.
Future Directions
Research focused on obtaining a better understanding of this particular population
would be informative in improving recruitment for future exercise interventions utilizing
substance-abusing members of the homeless population within the confines of existing
services. The recruiting challenges experienced also point to the potential need for a
multisite trial to increase the sample size. Conducting interventions with women and a
mix of men and women utilizing similar methods would provide insight into how the
different sexes would respond, including whether homeless women might be a less
transient population.
In summary, the results of this study indicate that the current study design is not
feasible and that alterations would need to be made in order to proceed to a pilot study
that would investigate the effects of an exercise intervention on cocaine usage in
homeless men. However, this feasibility study did produce valuable knowledge that
would assist in creating better methods for investigating this topic. Further, despite the
size and limitations, this feasibility study will add to the body of knowledge about the
potential use of exercise as a treatment for substance abuse.
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