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Chapter 1

Statement of the Problem

Introduction
Highly Active Antiretroviral Therapy (HAART) has substantially improved survival for people with Human Immunodeficiency Virus (HIV). The mortality rates have decreased from 29.4 % in 1994 to 8.8 % in 19971. As a result, individuals with HIV are living longer, more productive lives. However, there are many long term adverse effects associated with HIV and HAART including chronic disease, disability, and reduced quality of life. Managing long term adverse effects has become a primary focus of medical care. Limited evidence suggests an effective method to address these health issues is regular participation in physical activity2. 

There are many physiologic alterations due to the combined effects of HIV and HAART that may be improved with exercise. People with HIV often experience unfavorable morphological changes such as excess abdominal fat and tissue loss resulting from lipodystrophy and wasting syndromes3. People with HIV may also experience adverse metabolic changes such as dyslipidemia, altered glucose homeostasis, and insulin resistance3. The combination of metabolic abnormalities and body composition changes may lead to the metabolic syndrome. The prevalence of the metabolic syndrome among people with HIV ranges from 17% – 45%4. Lipodystrophy syndrome and abnormal metabolic parameters also increase the risk of developing Type 2 diabetes mellitus and cardiovascular disease among people with HIV5. 
In addition to physiologic alterations, there are many psychological issues associated with HIV. Major depression, generalized anxiety disorder, and substance use disorders are more prevalent among people with HIV than the general population6. Psychological issues associated with HIV may further affect the health status of people with HIV. Specifically, substance use disorders may reduce quality of life, impact health outcomes, reduce HIV medication adherence, and increase the likelihood of HIV transmission6. 
Physical activity is considered to be a possible management strategy for people with HIV and substance use disorders because of its associated health. Physical activity and exercise programs increase muscle strength and lean muscle mass, decrease fat, and improve cardiorespiratory fitness among people with HIV7-9. Exercise also improves the blood lipid profile among people with HIV by decreasing total cholesterol and triglycerides10. Exercise enhances insulin action and improves glucose homeostasis in the general population; however it is unclear if these benefits manifest themselves in people with HIV11, 12. Limited evidence suggests exercise may directly target health issues resulting from HIV and HAART, such as lipodystrophy and wasting syndromes, as well as prevent future health issues such as Type 2 diabetes mellitus and cardiovascular disease13, 14. Physical activity and exercise also reduce symptoms of depression and anxiety as well as improve substance use disorder treatment outcomes15, 16.
Even though people infected with HIV would appear to greatly benefit from adequate amounts of physical activity and exercise, their physical activity levels are low. Clingerman (2003) studied physical activity levels in a sample with HIV and compared their physical activity levels to the Healthy People 2010 guidelines for physical activity17. Only 28% of the sample met the recommendations for moderate intensity physical activity (3-6 metabolic equivalents, 30 min/day, ≥ 5 days/week) and 19% met the recommendations for vigorous intensity physical activity (>6 METs, 20 min/day, ≥ 3 days/week). Forty percent of the sample surveyed did not meet any of the Healthy People 2010 recommendations for physical activity. Consequently, much of the population with HIV is not physically active enough to achieve the desired health benefits offered by adequate amounts of physical activity. 

Reasons for low physical activity levels may be related to the symptoms of HIV and adverse effects of HAART. Dyspnea, pain, nausea, and fatigue are common symptoms of HIV and adverse effects of HAART that may be barriers to physical activity18. In fact, one of the most frequently cited reasons for lack of physical activity and exercise among the general population is personal health19. Therefore, the physiologic changes associated with HIV and HAART may be the primary barriers to exercise for people with HIV. Another potential barrier to physical activity among people with HIV may be the associated mental health issues such as substance use disorders. Limited evidence suggests exercise and physical activity are inversely related to substance use20, 21. Thus, the combination of physical and psychological health issues may deter people with HIV and substance use disorders from performing regular physical activity or exercise.
Contingency Management (CM) is one possible behavioral change strategy that may be used to improve physical activity levels among people with HIV and substance use disorders. CM provides vouchers or prizes in exchange for retail goods and services to reinforce target behaviors, such as abstinence from undesired behaviors or adherence to a treatment plan22. CM principles have been implemented to improve exercise adherence among adults and children with obesity. Providing reinforcers contingent upon exercise has successfully increased physical activity levels and weight loss among adults and children with obesity23-25. Therefore, it is possible CM may be used to increase physical activity levels among people with HIV and substance use disorders. Despite this possibility, the use of CM to increase physical activity levels among those with HIV and substance use disorders has not been studied. 
Specific Aims and Hypotheses

The aim of this study was to investigate the effects of CM on levels of physical activity among people with HIV and substance use disorders. We hypothesized those receiving CM for exercise would improve time spent and calories expended performing physical activity in comparison to those not receiving CM for exercise. We also hypothesized those receiving CM for exercise will show greater improvement in exercise related health measures such as body composition, blood pressure, muscle strength, cardiorespiratory fitness, and flexibility.

Significance 

This study will provide insight into CM as an intervention to improve physical activity levels among people with HIV and substance use disorders. Little is known about physical activity levels and health related outcomes among this population. Therefore, results will provide novel information about the effects of physical activity on health related fitness measures such as body composition, blood pressure, upper and lower body muscle strength, cardiorespiratory fitness, and flexibility among people with HIV.  Limited evidence supports adequate amounts of physical activity will improve overall health for people with HIV; however, physical activity rates are low. If CM proves to be an effective way to increase physical activity levels and improve health among people with HIV, then CM could be used to improve prescribed exercise treatments and ensure related health benefits are achieved.

Chapter 2
Review of Literature

Introduction
CM is a behavioral treatment that uses positive reinforcers to target behavior change. Most CM interventions share three basic behavioral principles: frequently monitor the target behavior; provide tangible, positive reinforcers when the target behavior is demonstrated; and remove the reinforcer when the target behavior does not occur26. CM is typically used to target drug abstinence as the behavior for reinforcement27, 28. Due to the positive effects of CM on improving drug abstinence among people with substance use disorders, CM principles have also been used to illicit other behavior changes in different populations. Examples include physical activity and exercise levels among people with obesity as well as adherence to medication and treatment group attendance among people with HIV23-25, 29-31. 
CM for Drug Abstinence
 Multiple studies have investigated the use of CM as a treatment for substance use disorders. Higgins et al, (1994) investigated if incentives improved treatment outcomes among 40 people who were cocaine dependent27. Investigators randomly assigned subjects to behavioral treatment with or without an added incentive program. Subjects in the incentive group received vouchers exchangeable for retail items contingent on submitting cocaine-free urine specimens during the first 12 wk of treatment. During weeks 13 through 24, the incentives were stopped and both groups continued to receive behavioral treatment only. Over 24 wk of treatment, 70% (15/20) of subjects in the incentive group completed the program compared to 40% (8/20) in the non incentive group. In addition, the average duration of cocaine abstinence during 24 wk of treatment was 11.7 ± 2.0 wk in the incentive group compared to 6.0 ± 1.5 wk in the non incentive group27. Thus, CM significantly improved treatment outcomes among people who were cocaine dependent. Results suggest CM is an effective method to improve program completion rates and increase duration of drug abstinence during treatment among people with substance use disorders.
Rawson et al, (2006) compared the effectiveness of CM and cognitive behavioral therapy (CBT) at reducing stimulant use28. CBT is a therapeutic approach aimed to target emotions, behaviors, and cognitions through a goal oriented systematic procedure. The sample included 171 individuals who were stimulant dependent. Investigators randomized subjects into three different treatment groups: CM, CBT, or CM+CBT. Participants in the CM condition received vouchers contingent on stimulant free urine samples submitted each week. Participants in the CBT condition received three 90 minute group sessions per week. Lastly, participants in the CM+CBT condition received three 90 minute group sessions per week in addition to vouchers contingent on stimulant free urine samples. All three conditions were administered for 16 wk. Participants in the CM only and CM+CBT conditions remained in treatment longer (12.6 ± 5.2 and 12.0 ± 5.6 wk, respectively) than those in the CBT only condition (9.0 ± 6.5 wk). Additionally, those in the CM only and CM+​​CBT conditions submitted more stimulant free urine samples across the 16 week trial (27.6 and 28.6 samples, respectively) compared to those in CBT only condition (15.5 samples)28. Results suggest CM is an efficacious treatment for reducing stimulant use and is superior during short term treatment compared to a CBT only approach28.
Overall, CM has been an effective method to treat substance use disorders. Not only do individuals stay in treatment programs longer, but their drug abstinence rates improve in the short term. Due to the success of CM on substance use treatment, CM principles have been applied to other behaviors. Specifically, CM has been used to improve exercise adherence and increase physical activity levels. The majority of studies investigating the influence of CM on exercise and physical activity levels to date have targeted people with obesity. 

CM for Exercise

Jeffery et al, (1998) investigated the use of monetary incentives and personal trainers to increase exercise in a behavioral weight loss program24. The sample included 193 men and women who were obese. Subjects were randomized into one of five treatment groups: standard behavior therapy; standard behavior therapy with supervised walks; standard behavior therapy with supervised walks and personal trainers; standard behavior therapy with supervised walks and monetary incentives for completing walks; or standard behavior therapy with supervised walks, personal trainers, and monetary incentives. Standard behavior therapy consisted of weekly meetings to discuss diet and exercise recommendations. The supervised walking sessions were held three times per week. The initial walking distance was 0.5 miles and gradually increased over the first 3 months of the study to 2.5 miles per session. Those in the personal trainer interventions and monetary incentive interventions doubled the number of walks over 18 months (80.4 and 65.8 walks, respectively) compared to those in the supervised walk group (35.0 walks). In addition, when the trainer and incentive were used in combination, the number of walks attended increased threefold compared to the supervised walk group (p<0.001)24. Results suggest CM is an effective method to increase time spent walking compared to standard behavior therapy and supervised walks. In addition, CM combined with personal trainers appears to have the greatest effect on walking session attendance.
Stalonas et al, (1978) investigated if behavioral programs reduce obesity among 48 adults who were overweight25. Subjects were randomized into four intervention groups: group therapy, group therapy plus exercise, group therapy plus an exercise based CM intervention, or group therapy plus CM. Group therapy consisted of 10 written lessons about behavioral tasks related to dieting and eating. Those in the exercise group received a list of activities related to caloric expenditures and were encouraged to increase their physical activity levels over a 10 wk period. Investigators instructed participants in the CM intervention group to positively reward themselves for exercise adherence (e.g., buy yourself new clothes at the end of the week). At the 3 month follow up, each group lost a significant amount of weight with the total weight loss averaging 12.5 lb. However, at the 1 year follow up, significant weight loss was only observed in three groups: group therapy plus exercise, group therapy plus an exercise based CM intervention, and group therapy plus CM. In contrast, the group therapy intervention alone displayed an average weight increase of 4.7 lb from the 3 month to 1 year follow up25. Thus, CM was an effective method to improve weight loss compared to group therapy alone.
Epstein et al, (1995) examined the effects of reinforcing increases in active behavior and decreases in sedentary behavior among 27 children with obesity (8-12 yr)23. Children were randomized into one of three groups: reinforcement for increasing activity, reinforcement for decreasing sedentary behavior, or no reinforcement. There were three experimental days when children had access to four active and four sedentary activities for 45 minutes. Active activities included a stationary bicycle, ski machine, speed skating slide, and jump rope. Sedentary activities included a videocassette recorder and television monitor, video games, books, and drawing. During the experimental days, investigators observed the children through a one way mirror and coded the amount of time spent in each activity. Those reinforced for increasing activity earned one point for each minute they engaged in an active behavior. Those reinforced for decreasing sedentary behavior earned one point for each minute they did not engage in the two most preferred sedentary behaviors. Lastly, those in group three were provided 35 points for being present at each session. Points earned could be traded for prizes such as gift certificates or museum tickets. Those in the active (p<0.001) and sedentary (p<0.01) groups spent significantly more time participating in active behaviors relative to the control group during experimental days. In addition, those in the active group (p<0.001) and sedentary group (p<0.001) showed less time in the high preference sedentary activities (television and video games) than the control23. Overall, CM was an effective method to increase time spent in active behaviors and, to decrease time spent in sedentary behaviors during the experimental days. CM improved activity levels among children with obesity during the experimental days; however, further research needs to be completed to test if CM improves physical activity levels over a longer time period.

CM principles have also been applied to improve exercise adherence among healthy college students. DeVahl et al, (2005) examined the effectiveness of academic incentives for 210 healthy male and female college students who participated in a 12 wk physical activity program32. Students were randomly assigned to one of two groups that varied in magnitude of reward for adherence to a voluntary 12 wk low intensity aerobic exercise program (earning one grade point to be added to one examination, or one grade point to be added to one’s overall course grade). Specific parameters of the exercise program were not defined. More students in the higher incentive condition completed the exercise program (65/101) in comparison to the lower incentive condition (51/109). In addition, those in the higher incentive condition lost significantly more percent body fat (-3.3 ±1.7) than those in the lower incentive condition (-1.4 ± 1.2) (p<0.005)32. Thus, it appears significant academic incentives improved exercise attendance and led to greater decreases in percent body fat compared to low academic incentives.
In summary, the majority of studies using CM principles to reinforce physical activity levels increased time spent in physical activities, improved exercise session attendance, and decreased body weight and percent body fat of the participants23-25, 32. This evidence suggests CM is an effective method to improve exercise adherence and increase physical activity levels among adults and children with obesity as well as healthy college students. 
Using a systematic search, no studies were found examining the influence of CM on exercise or physical activity levels among people with HIV. Databases searched included Pubmed, Scopus, and Psychinfo with key words being: Contingency Management/CM and exercise/physical activity and Human Immunodeficiency/HIV. CM principles have been used, however, to illicit other types of behavioral changes among people with HIV such as targeting treatment group attendance and medication adherence29-31. These studies suggest CM is an effective method to target behavior changes such as increasing treatment group attendance and medication adherence among people with HIV. 

CM and HIV

Petry et al, (2001) investigated the effects of CM on treatment group attendance among people with HIV and substance use disorders29. Participants were members of an HIV drop-in center with substance use disorders. There were approximately 80 members who attended the center and were eligible to participate in the study. All members had access to substance abuse treatment groups which occurred twice per week. During the baseline phase, treatment group attendance and compliance activities were recorded but no reinforcement was provided. During the experimental phase, CM was instituted for those attending treatment groups on specified days. Attendance increased from an average of less than one client per group during the baseline phase to an average of seven clients per group during the reinforcement phase29. Results demonstrated CM was an effective method to improve treatment group attendance among people with HIV and substance use disorders. 

Rosen et al, (2007) investigated if CM would improve medication adherence among 56 adults with HIV and histories of illicit substance use. Participants were randomly assigned to 16 wk of either supportive counseling or a CM based intervention. Supportive counseling consisted of weekly individual counseling sessions to review medication adherence. Those in the CM based intervention were also encouraged to attend weekly counseling sessions in addition to receiving reinforcement for medication adherence. Reinforcement consisted of drawing cards from a bowl with each draw being associated with a chance of winning a prize. Subjects in the CM based intervention improved medication adherence from ingesting 58% of the possible doses at baseline to a peak of 87% of doses during the course of the intervention. In addition, those in the CM group demonstrated a significantly higher medication adherence over 32 wks compared to those in the control group (p=0.01)30. 
Similarly, Chaisson et al, (1996) examined the effects of an incentive and education program on return rates for tuberculin skin tests among 659 patients with HIV31. The groups included patients who received no intervention, patients who were offered a food voucher incentive, and patients who were offered a food voucher incentive and patient education intervention. The patient education consisted of a nurse explaining the importance of the test, the potential severity of tuberculosis, and the steps that would be taken for a positive or negative test result. Return rates for the test reading of the food voucher group and food voucher plus patient education group were significantly higher than those of the control group. Specifically, 111 of 229 (48%) people in the voucher group returned for their test reading, 96 of 158 (61%) of the food voucher plus patient education group returned for their test reading, and 96 of 272 (35%) of the control group returned for their test reading31. 

Overall, CM was an effective method to improve a variety of treatment goals among people with HIV such as increasing treatment group attendance and medication adherence. Evidence also suggests CM was an effective method to improve exercise adherence and physical activity levels among people with obesity. Therefore, it is reasonable CM may be an effective method to improve physical activity levels among people with HIV and substance use disorders.  
Exercise for People with HIV

Adopting and maintaining a regular exercise program is an effective method to improve health status for people with HIV and substance use disorders33, 34. Physical activity is defined as any bodily movement produced by the contraction of skeletal muscles that result in a substantial increase over resting energy expenditure. Exercise is a subset of physical activity consisting of planned, structured, and repetitive bodily movement done to improve or maintain one or more components of physical fitness35. An exercise training program is best designed to target specific health and physical fitness goals of a population or an individual35. The American College of Sports Medicine (ACSM) has created specific exercise training guidelines tailored for subpopulations such as people with HIV specifying Frequency (F), Intensity (I), Time or duration (T), and Type or mode (T), otherwise known as FITT35. Thus, to achieve the desired benefits of exercise for people with HIV and substance use disorders, it is important to utilize the FITT principles to target health issues and individualize training programs to enhance the health benefits associated with exercise.

There are many special health needs that must be considered when developing an exercise program for people with HIV. Health issues may be caused by the direct effects of HIV and the adverse effects of HAART. For example, wasting syndrome is the involuntary weight loss of more than 10% of baseline body weight with prolonged fever, chronic weakness, and diarrhea36. Many factors contribute to wasting syndrome which include altered metabolism and energy expenditure, cytokine response to HIV and associated secondary infections, endocrine abnormalities, and altered energy intake including malnutrition and malabsorption36. The significant tissue loss due to wasting syndrome may lead to diminished functioning capacity, increased risk of mortality, and increased vulnerability to secondary infection2. Another potential health concern for people with HIV is lipodystrophy syndrome. Lypodystrophy syndrome has yet to be objectively defined but the main clinical features include central fat accumulation in the abdomen and trunk with peripheral lipoatrophy in the legs, arms, and face, accompanied by dyslipidemia and insulin resistance37. The cause of lipodystrophy syndrome is most likely a combination of factors related to HIV and adverse effects of HAART. The presence of increased visceral fat deposits may lead to problems related to pressure on organs, bloating, pain, and abdominal discomfort. There is a possible association of lipodystrophy syndrome and metabolic disturbances. However, the direct relationship between changes in body shape, lipid levels, glucose levels, and insulin levels is still unclear for people with HIV38.

Regular exercise participation is a possible management strategy for people living with HIV because of the associated health benefits. Exercise leads to positive metabolic and morphologic changes in people with HIV. Jones et al, (2001) examined a 10 wk aerobic and resistance training program on body composition and hyperlipidaemia among six people with HIV39. Researchers administered three supervised exercise sessions per week that included 20 minutes of cycling at 70% of peak heart rate (HR) and 60 minutes of upper and lower body resistance training. Total cholesterol and triglyceride levels decreased 17.6% (6.08 to 4.96 mmol/l) and 25.3% (3.05 to 2.10 mmol/l) respectively. In addition, researchers reported an increase in body mass (69.4 to 73.2 kg) combined with a reduction in % body fat (21.90 to 18.85) indicating positive adaptations in body composition39.

Multiple studies have investigated the effects of exercise on body composition among people with HIV. Smith et al, (2001) examined the effects of aerobic exercise on weight and body composition among 60 adults with HIV40. Subjects were randomized into either a 12 wk exercise group or control group. Those in the exercise group completed three 30 minute sessions per wk of aerobic exercises such as walking, jogging, and cycling. Exercise intensity was monitored by HR with a target intensity of 60 to 80% peak HR. Those in the exercise group lost 1.5 kg of body weight in comparison to the control group. In addition, body mass index decreased from 26.5 to 26.0 kg/m2 and abdominal girth decreased from 92.3 to 89.7 cm in the exercise group40. Aerobic training successfully improved body composition by decreasing body weight and abdominal girth among people with HIV. Decreasing body weight and abdominal girth through exercise is an effective method to offset body shape changes caused by lipodystrophy syndrome.

Roubenoff et al, (1999) examined the short term effects of resistance training among 25 adults with HIV13. Subjects completed an 8 wk progressive resistance training protocol. Participants exercised 3 days per wk performing four resistance exercises focusing on major muscle groups in the upper and lower body. Intensity levels began with 50% 1 repetition maximum in the first session and progressed to 80% 1 repetition maximum by the end of the intervention. Muscle strength increased in all four exercise tests as measured by 1 repetition maximum scores: 31 ± 18% for chest press, 40 ± 23.6% for leg press, 50 ± 27% for upper back, and 38 ± 31% for quadriceps extension (p<0.0001). Lean body mass also increased a total of 1.75 kg (p = 0.0002)13. Resistance training successfully increased muscle strength and lean body mass among people with HIV. Increasing muscle strength and muscle mass via exercise are effective ways to target the effects of wasting syndrome.
Both aerobic and resistance training provide important health benefits for people with HIV. Aerobic training led to decreases in body weight and abdominal girth, while resistance training improved muscle strength and lean muscle mass. The combination of aerobic and resistance training resulted in improved metabolic parameters and body composition14, 39. The benefits of exercise are better achieved through an appropriate exercise prescription. The ACSM has published specific exercise prescription guidelines for people with HIV (Tables 1 and 2 respectively)35. The recommendations are organized according to the FITT principle specifying Frequency, Intensity, Time, and Type. 

Table 1. ACSM FITT recommendations for aerobic exercise35.

	Frequency
	3-4 days/week

	Intensity
	40% - <60% VO2R or HRR

	Time
	30 – 60 minutes/day (in combination with resistance exercise)

	Type
	Walking, cycling, swimming, dancing, aerobics


VO2R, oxygen uptake reserve; HRR, heart rate reserve
Table 2. ACSM FITT recommendations for resistance exercise35.

	Frequency
	2-3 days/week

	Intensity
	8-10 RM, 2 to 3 sets

	Time
	30 – 60 minutes/day (in combination with aerobic exercise)

	Type
	Resistance training, resistance bands, weight bearing calisthenics


RM, repetition maximum

There are many special considerations for exercise among people with HIV. For example, severe HIV/AIDS comorbidities will require further restriction of the intensity range35. Day to day variations in health may affect exercise adherence and participation. Thus, it is important to assess health status prior to exercise sessions. Since health status of people with HIV ranges, it is important to individualize sessions. Asymptomatic patients may participate in more vigorous intensity exercise while those with health issues and/or health risks should perform low intensity or moderate exercise intensity workouts35. Many potential barriers exist for people with HIV such as adverse effects related to medication as well as direct and indirect health effects from HIV. Thus, maintaining exercise levels is a challenge for those with HIV. Specifically, in a sample of people with HIV, only 40 % met the Healthy People 2010 recommendations for habitual physical activity participation17.  Therefore, it is important to investigate potential methods to improve physical activity levels and exercise adherence to achieve the associated health benefits.

CM may be a possible strategy to improve physical activity levels among people with HIV. CM principles have been successfully used to target drug abstinence, treatment group attendance, and medication adherence27-30. Limited evidence suggests CM is a successful method to improve physical activity levels among adults and children with obesity. Therefore, CM may be implemented to increase physical activity levels to improve overall health status of people with HIV. Increasing physical activity may not only improve overall health, but also target specific health issues caused by HIV.
Chapter 3
Methods

Subjects

Study volunteers were members of Connections, an HIV drop-in center in Hartford, CT. All subjects were HIV positive, between 18-55 yr, English speaking, and had a DSM-IV diagnosis of opioid, cocaine, methamphetamine, alcohol, or marijuana abuse or dependence within the past year. In addition, subjects had written permission from their primary care or infectious disease physician to participate in the study. Prior to participation, interested subjects who met the inclusion criteria signed an informed consent form approved by the University of Connecticut and University of Connecticut Health Center Institutional Review Boards.

Study Overview

The study design overview is depicted in Figure 1. After providing consent, subjects completed a baseline assessment to measure baseline physical activity levels and health fitness measures including: blood pressure (BP), anthropometric data, cardiorespiratory fitness, upper and lower body strength, and flexibility. Upon completion of the baseline assessment, subjects were immediately randomized into one of two 16 wk treatment groups: CM for physical exercise or a comparison group who did not receive CM for performing physical activity and exercise. Subjects repeated all of the baseline measures at 2 and 4 months from the baseline assessment.

Figure 1. Study Design Overview
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PPAQ, Paffenbarger Physical Activity Questionnaire; YSET, YMCA Submaximal Cycle Ergometer Test; WC, Waist Circumference
Procedures
Physical Activity: Physical activity levels were assessed at baseline, 2, and 4 months with the Paffenbarger Physical Activity Questionnaire (PPAQ) 41. The PPAQ is determined to be an accurate and reliable measure of activities of daily living (e.g., city blocks walked, stairs climbed), leisure-time activities, and formal exercise42-44. Scores from the PPAQ were used to evaluate three physical activity behaviors: distance walked per week, total calories expended per week performing physical activity, and time spent per week performing vigorous, moderate, and light intensity activities (Appendix A).


Question one from the PPAQ asks “How many city blocks or their equivalent do you normally walk each day (let 12 blocks = one mile)?” The answer to question one was used to determine distance walked per week by multiplying the number of blocks per day by seven and dividing by 12 to get distance walked in miles per week. 

Questions one, three, and four were used to determine total calories expended per week performing physical activity. Question one was used to calculate calories expended per week walking by multiplying total blocks walked by 8 (one block = eight kcal)41. Question three asks “How many flights of stairs do you climb up each day (let one flight = 10 steps)?” Calories expended climbing stairs per week were calculated by multiplying total flights climbed per week (flights per day x seven) by 4 (one flight = four kcal)41. Question four asks subjects to “List any sports or recreation you have actively participated in during the past year” along with number of times per year, average time spent per bout, and years of participation. Each activity listed was crossed referenced in the Compendium of Physical Activities to determine its metabolic equivalent (MET) value45. One MET is equivalent to 1 minute of seated rest for a 70 kg individual. Calories expended per week in each of the activities listed in question four were calculated using the following equation: METS x 1.225 x total minutes x times per yr/52(days/wk)46. Thus, total calories expended per week performing physical activity was calculated by combining total calories expended walking, climbing stairs, and in the activities listed in question four.


Question eight determined time spent performing vigorous, moderate, and light intensity physical activity per week. Vigorous intensity physical activity was considered to be activity > 6 METS. Examples of vigorous intensity activity provided on the PPAQ were “digging in a garden, strenuous sports, jogging, aerobic dancing, sustained swimming, brisk walking, heavy carpentry, bicycling on hills, etc.” Moderate intensity physical activity was considered to be activity between 3-6 METS. Examples of moderate intensity physical activity were “housework, light sports, regular walking, golf, yard work, lawn mowing, painting, repairing, light carpentry, ballroom dancing, bicycling on level ground, etc.” Light intensity physical activity was considered to be activity < 3 METS. Examples of light intensity physical activity were “office work, driving a car, strolling, standing with little motion, etc.” Subjects were asked to enter the amount of time spent per typical weekday and weekend day in each of these three categories. The following three equations were then used to calculate time spent per week in each respective activity:

Time spent/wk doing vigorous activity = (hours/weekday x 5) + (hours/weekend day x 2)

Time spent/wk doing moderate activity = (hours/weekday x 5) + (hours/weekend day x 2)

Time spent/wk doing light activity = (hours/weekday x 5) + (hours/weekend day x 2)

Health Fitness Assessment: Health fitness measures were assessed at baseline, 2, and 4 months according to the methods below.
Blood Pressure: After 5 minutes of seated rest, BP was measured using a Baumanometer Kompak model sphygmomanometer (W.A. Baum Co. Inc., NY) and a Cardiology Stethoscope (Adscope model 602, Stuart Drug and Surgical Supply). BP was measured three times in each arm, alternating arms after each measurement. If the measurements were within 5 mmHg, the measurements were averaged and recorded as resting systolic and diastolic BP. If there was a difference of >5 mmHg between readings or between arms, the measurements were repeated until there were three readings within 5 mmHg which were averaged and recorded as resting BP47. 
Body Composition: Anthropometric data were collected with excessive clothing and materials such as keys and wallets removed. Weight was measured to the nearest 0.10 kg and height measured to the nearest 0.10 cm using a Health-o-Meter Professional Scale 597KL (Pelstar, Bridgeville, IL). Height and weight measurements were used to calculate body mass index (BMI) (kg/m2). Waist circumference was measured at the height of the iliac crest with a Gulick tape measure (Sammons Preston, Chicago, IL) to the nearest cm35.
Cardiorespiratory Fitness: The YMCA submaximal ergometer test (YSET) was used to determine cardiorespiratory exercise capacitty35. The YSET began with a 2 min warm-up of free wheeling on a cycle ergometer (Monark Ergometric 818, Stockholm, Sweden). Upon completion of the warm-up, researchers applied 150 kgm of resistance to begin the first stage. Each stage lasted 3 min at the appropriate increment of resistance chosen based on the heart rate (HR) observed during the first stage (Table 3). HR was measured at the second and third minute of each stage using a Polar Heart Rate monitor model 190027142 (Polar Electro Oy, Kempele, Finland). If HR was >110 bpm, steady state HR (i.e., two HR within ± 5 bpm) was reached before the work rate was increased. BP (systolic/diastolic) was also taken after the second minute of each stage using a Baumanometer Kompak model sphygmomanometer (W.A. Baum Co. Inc., NY) and a Cardiology Stethoscope (Adscope model 602, Stuart Drug and Surgical Supply). Rate of perceived exertion was monitored with the Borg 6-20 scale near the end of the third minute of each stage48. The YSET was terminated when the subject reached 70 % of age-predicted peak HR, failed to conform to the exercise test protocol, or experienced signs of excessive discomfort. The YSET concluded with a 5 min recovery period of seated rest.
Table 3. YMCA Submaximal Cycle Ergometer Stage Work Loads35
	Stage
	HR<80 bpm
	HR 80-89 bpm
	HR 90-100 bpm
	HR>100 bpm

	2nd Stage
	Add 750 kgm from stage 1
	Add 600 kgm from stage 1
	Add 450 kgm from stage 1
	Add 300 kgm from stage 1

	3rd Stage
	Add 150 kgm
	Add 150 kgm
	Add 150 kgm
	Add 150 kgm

	4th Stage
	Add 150 kgm
	Add 150 kgm
	Add 150 kgm
	Add 150 kgm


HR: Heart Rate; bpm: beats per minute; kgm: kilogram mass

Peak cardiorespiratory exercise capacity was determined by plotting the HR measured in the last minute of each stage against work rate. The regression line generated from the plotted points was extrapolated to the age-predicted peak HR (e.g., 220 – age), and a perpendicular line was dropped to the x-axis to estimate the work rate that would have been achieved had the person worked to peak capacity. The estimated peak work rate was used to determine peak cardiorespiratory exercise capacity as measured by VO235. In addition to the traditional method to measure cardiorespiratory exercise capacity, work output levels of the last stage of the YSET were recorded at each time point to serve as an additional measure of exercise capacity.
Muscle Strength: Following the YSET, researchers administered the handgrip test, a good indicator of overall muscle strength49. Researchers measured grip strength in both hands using a Jamar Hydraulic Hand Dynamometer model 5030J1 (Lafayette Instrument Co., Lafayette, IN). Each subject was seated comfortably on a standard height chair with no arm rests. The subject’s shoulder was adducted and neutrally rotated with the elbow flexed at 90 degrees and the forearm and wrist in neutral position. The researcher provided verbal instructions to begin. Then the subject applied grip force smoothly without any rapid wrenching or jerking motion. Grip strength was recorded to the nearest 1.0 kg for each trial. Each subject completed two trials in each hand, alternating hands after each trial. The best trial for each hand was used as the measure of handgrip strength.
Researchers then administered the floor transfer test as an indicator of lower body muscle strength, flexibility, function, and problem solving50. Each subject started in a standing position and moved to the floor, touching the buttocks to the ground, and returned to standing position as quickly as possible. Timing was started in the standing position after the word “go” and ended when the subject was standing again. Time was recorded to the nearest 0.01 s with the best time of two trials used as the measure of lower body muscle strength. 
Flexibility: The final health fitness measure was the sit and reach test, an indication of flexibility51. Each subject sat on the floor (without shoes) with legs extended and feet placed against the sit and reach box (Novel Products Inc., Rockton, IL). The subject reached forward four times with both hands together and arms extended without bending the knees. The distance reached on the fourth attempt was recorded to the nearest 0.10 (cm). Each subject performed three trials with the best score of the three trials recorded as the measure of flexibility.
Group Assignment

After completing all baseline measures, subjects were randomized into one of two 16 wk treatment groups, CM for exercise or a comparison group, using a computerized urn-randomization procedure52. Groups were balanced based on characteristics thought to impact outcomes such as time of last drug use, physician restrictions on exercise activities, baseline physical activity levels, and taking any physician prescribed medications for HIV. This program used probabilistic balancing procedures to ensure subjects assigned to the groups were similar in terms of their baseline characteristics52. 

CM for Exercise: Subjects in the CM for exercise group met with a therapist once weekly for 16 wk to discuss exercise contracting and reinforcement, drug testing and reinforcement, and Twelve Step Facilitation Therapy53. The therapist and subject collaboratively decided on three specific exercise activities to be completed within the upcoming week. Exercise options included: attending one or more exercise sessions offered by a trained exercise instructor at Connections, wearing a pedometer to complete a prescribed step count, exercising at home using one’s own exercise equipment, and completing an exercise session at the local fitness facility. For the exercise contract, each physical activity was defined according to the ACSM FITT recommendations for people with HIV and older adults35, as well as the method of verification for completion (i.e., exercise session attendance sheets or step counts recorded by the pedometer) (Appendix B). 

CM Rewards

Participants were rewarded for completing the physical activities listed on the contracts. For each physical activity the subject completed from the exercise contract, s/he performed one draw from a prize bowl. If all three activities on the exercise contract were completed within the week, the subject received four bonus draws. The number of bonus draws escalated based on how many weeks in a row the three activities were completed. If the subject completed three activities two weeks in a row, s/he received five bonus draws. If the subject completed three activities three weeks in a row, s/he received six bonus draws, and so on, up to a maximum of 10 bonus draws per week. In total, the subjects earned up to 187 draws if they completed all 48 activities (three per week for 16 wk).


The prize bowl for drawings contained 500 slips of paper. Half (250) of them stated “Good job!”, but were not associated with a prize. The other half were winning slips: 219 stated “Small prize,” 30 stated “Large prize,” and one stated “Jumbo prize.” When a subject drew a winning slip, s/he chose amongst available prizes in that category: small, large, or jumbo. Examples of small prizes were bus tokens, $1 coffee gift certificates, juice containers, and toiletries. Examples of large prizes were $20 gift certificates to book/music stores or department stores, sweatshirts, watches, or monthly passes to the YMCA. The jumbo prize was a choice of a $100 gift certificate to a department store, a stereo, or a television. 

Comparison Group: Subjects assigned to the comparison group met with a therapist once weekly for 16 wk to discuss drug testing and reinforcement as well as Twelve Step Facilitation Therapy53. Subjects in this group did not discuss an exercise contract or receive reinforcement for participating in exercise activities. Therapists did, however, inform participants of the different exercise opportunities that were available such as participating in an exercise session with a trained exercise instructor at Connections, wearing a pedometer to measure steps per day, and going to the YMCA for a supervised or unsupervised exercise session. Participants in the comparison group who wanted to begin an exercise program or attend an exercise session made individual arrangements with the exercise instructor. 

Exercise Intervention
Both treatment groups had the same opportunities to exercise and followed the same exercise prescription. Exercise sessions provided at Connections were designed and supervised by an exercise physiologist. For exercise sessions performed at the local fitness facility, participants had the option to complete each session on their own or have an instructor attend. All programs/sessions were individualized based on medical limitations, fitness levels, and individual fitness goals. Multiple exercise modalities were chosen to obtain a comprehensive, full body workout. Regardless of site, each exercise session followed the same general format beginning with a 5 minute warm up of dynamic movements. The warm up was followed by a conditioning phase lasting 20-30 minutes consisting of intermittent aerobic and/or neuromuscular, and/or strength training exercises. Once the conditioning phase was complete, participants concluded each session with a 5 minute cool down consisting of static stretches. In addition to supervised exercise sessions, participants also had the option to exercise at home using home exercise equipment or walk a prescribed step count throughout the day. Step counts and walking distances were verified using an Omron pedometer (model number HJ-112, Bannockburn, Ill.). Home exercise sessions and walking goals were chosen collaboratively by the therapist and participant with the guidance of an exercise physiologist. 

The general exercise prescription provided to the study volunteers is outlined below:

Frequency: A minimum of three exercise sessions per week.

 Intensity35: Exercise sessions were low to moderate intensity depending on each individual’s fitness level and medical limitations. Low intensity activity was defined as minimal increases in breathing and HR. On a scale from 0-10, perceived exertion for low intensity activity was considered to be 3-4. Examples of low intensity exercises included marching in place, normal walking, stationary cycling with light effort (about 50 watts), and weight lifting with light effort. Moderate intensity activity was defined as noticeable increases in HR and breathing, with a perceived exertion of 5-6. Examples of moderate intensity activity included aerobic stepping, stationary cycling with moderate effort (about 100 watts), and weight lifting with moderate effort.

Time: Exercise sessions ranged from 30-60 minutes in length of intermittent exercise with a minimum of 30 minutes of accumulated activity required to receive credit for completing the session.

Type: Four different exercise modalities were prescribed: aerobic activity, muscle strengthening, flexibility, and neuromuscular exercises. Examples of aerobic activities performed at Connections were marching in place, walking outside around the block, stationary cycling (Monark Ergometric 818, Stockholm, Sweden), and aerobic stepping (5 position step deck, Reebok). Aerobic activities performed at the local fitness facility included using a treadmill, tread climber, and/or elliptical. Aerobic activities were also completed at participants’ homes using personal treadmills or ellipticals. Muscle strengthening exercises performed at Connections were body weight exercises such as chair squats and modified push ups as well as exercises with Thera-band resistance bands (Hygenic Corporation, Akron, OH), dumbbells (Reebok, Canton, MA), and Mediball medicine balls (Topaz medical LTD, S. Akron, CO). Muscle strengthening exercises performed at the local fitness facility utilized nautilus machines. The same flexibility activities were performed at Connections and the local fitness facility. Examples included dynamic and static stretches targeting major muscle groups. Neuromuscular exercises performed at Connections included activities targeting balance and agility such as balancing on a bosu ball (BOSU® balance trainer, San Diego, CA), side shuffling, and reacting to a medicine ball toss. All neuromuscular exercises were supervised by an exercise physiologist at Connections.

Exercise Progression

Exercise progression was based on the frequency of workouts, fitness levels of participants, and medical limitations. Aerobic activities initially occurred ≥ 1 day/wk at low intensity and progressed to ≥ 3 days/wk at low to moderate intensity by the end of the exercise intervention. For participants with medical limitations or low levels of baseline physical fitness, aerobic sessions were initially 20 minutes of intermittent exercise and progressed to 30 minutes of intermittent or continuous exercise.

 The muscle strengthening sessions followed a similar progressive format to the aerobic activities. Muscle strengthening sessions targeted major muscle groups and utilized multi joint exercises. Muscle strengthening activity occurred 1 day/wk at the onset and progressed to ≥ 2 day/wk by the end of the intervention. Initial muscle strengthening sessions consisted of four exercises (two upper and two lower body) with 2 sets/exercise and 15 repetitions/set. Initial forms of resistance exercise included body weight exercises and resistance bands. More advanced strengthening sessions consisted of 8-10 exercises/session with 3 sets/exercise and 8-12 repetitions/set using dumbbells, medicine balls, and nautilus machines.. 

Statistical Analysis


Descriptive statistics (means ± SEM) were calculated on all study variables. Repeated measures analysis of covariance (ANCOVA) tested for differences in distance walked, time spent, and calories expended performing physical activity within and between groups (CM for exercise vs comparison) at baseline, 2 months, and 4 months from the start of the intervention. Covariates included baseline age and BMI. Gender was also included as a fixed factor. The covariates were chosen because of the potential influence on one’s ability and willingness to exercise. 


Repeated Measures ANCOVA also tested if health related fitness measures differed over time (2 and 4 months from the start of the intervention) and between experimental groups (CM for exercise vs comparison). Dependent variables included BP, BMI, waist circumference, VO2, handgrip strength, floor transfer time, and flexibility with age as a covariate and gender as a fixed factor. All statistical analyses were performed using the Statistical Package for Social Sciences Base 14.0 (SPSS Inc., Chicago IL) for Windows with p < 0.05 established as the level of significance and data are displayed as means ± SD.

Chapter 4

Results
Sample
Figure 2 illustrates the recruitment and retention throughout the project. A total of 152 people were screened to enter the study. Of the people screened, 98 were ineligible due to various reasons including: not being HIV positive, not meeting the age criteria, not substance using, not English speaking, or having a medical history that was a contraindication to exercise. Thus, 55 people were eligible to participate. Of the eligible participants, 37 failed to complete the baseline assessment because they were too busy, did not obtain medical clearance, or did not show up to study appointments. Therefore, the total of sample consisted of 18 people. However, two of the 18 people failed to complete the 2 and 4 month assessments. The reasons for not completing the follow up assessments included a medical issue and moving out of state. Thus, 16 participants completed all assessments and were included in the analyses. During the 4 month assessment, 2 participants in the CM for exercise group were unable to complete the physical fitness portion of the assessment. The reasons included a medical issue diagnosed the week prior to the 4 month assessment and a pregnancy announced the week of the 4 month assessment.

Table 4 presents characteristics of study participants at baseline as a function of treatment group (i.e., comparison group n=11 and CM for exercise n=5) and of the overall sample (n=16). The small sample consisted of 8 men and 8 women who were of middle age, overweight, with an above average waist circumference, slightly elevated blood pressure, above average grip strength, and average floor transfer times. In addition, men had average flexibility scores whereas women had below average flexibility scores. The treatment groups did not differ significantly on baseline characteristics with the exception of BMI which had a difference of 4.2 kg/m2 (p=0.04).
Exercise Intervention

The participants in the CM for exercise group who engaged in physical activity completed an average of 34/48 sessions or 2.1 sessions/wk, leading to a session adherence rate of 71%. In total, participants chose four different types of activities to complete: (1) attending an individualized exercise session at Connections or (2) the local fitness facility, (3) walking a prescribed step count with a pedometer, and (4) exercising at home. The average intensity and duration of each exercise session at Connections and the local fitness facility was about 3.4 ± 0.4 METs and 31 ± 1.1 min, respectively. Participants who chose to walk a prescribed step count over the course of 1 day averaged 11,449 steps or 4.0 ± 0.4 mi/d when wearing the pedometer. Lastly, exercise sessions completed at home were not measured directly. Based on participant verification however, the average intensity and duration was about 3.0 ± 0.4 METs and 24 ± 4.5 minutes, respectively.

The most common type of workouts attended were the individualized exercise sessions at Connections which consisted of about 53% (72/137) of the total workouts among the CM for exercise group. Walking a prescribed step count with a pedometer was the second most common form of activity consisting of about 36 % (50/137) of the total workouts. The two least common types of workouts were exercise sessions at the local fitness facility and at home which consisted of 6% (8/137) and 5% (7/137) of the total workouts, respectively. 

One person in the comparison group engaged in the exercise intervention. Over the course of 16 wk, the participant completed a total of 37 workouts or 2.3 sessions/wk. The average intensity and duration of each exercise session was 3.9 METs and 30.0 min, respectively. This participant chose to complete 86% (32/37) of the workouts at Connections and 14% (5/37) at the local fitness facility.  

Physical Activity

Figure 3 shows the mean change in weekly walking distance completed by the CM for exercise and comparison groups at 2 and 4 months. Within group comparisons revealed no changes in weekly walking distance from baseline to 2 and 4 months in the comparison group. In contrast, the CM for exercise group significantly increased weekly walking distance from baseline to 2 months (p=0.006). At 4 months, average weekly walking distance for those in the CM for exercise group was greater compared to baseline levels although this difference did not achieve statistical significance (p=0.11). Between group comparisons revealed the mean change in weekly walking distance at 2 and 4 months was significantly higher in the CM for exercise group versus the comparison group (p<0.000 and p=0.05, respectively) (Figure 3).


Figure 4 illustrates the mean change in weekly caloric expenditure in physical activity between the CM for exercise and comparison groups at 2 and 4 months. Within group comparisons revealed participants in the comparison group significantly decreased weekly caloric expenditure from baseline to 2 months. At 4 months however, average weekly walking distances did not change compared to baseline levels for those in the comparison group. In contrast, participants in the CM for exercise group significantly increased weekly caloric expenditure from baseline to 2 and 4 months (p=0.02 and p=0.04, respectively). Between group comparisons revealed the mean change in weekly caloric expenditure at 2 and 4 months was significantly higher in the CM for exercise group versus the comparison group (p<0.000, p=0.05) (Figure 4). 

Table 5 represents the mean change in hours spent per week in vigorous, moderate, and light intensity physical activity at 2 and 4 months as a function of treatment group. Within group comparisons revealed no significant differences in time spent per week in vigorous, moderate, and light intensity physical activity in both the comparison and CM for exercise groups from baseline to 2 and 4 months. In addition, no differences were observed between the CM for exercise versus the comparison group for time spent in vigorous, moderate, and light intensity physical activity. However, the mean change values for moderate intensity physical activity appeared to be greater in the CM for exercise group versus the comparison group at 2 and 4 months, although these differences did not achieve statistical significance (p=0.09).

Health Fitness Measures

Table 6 illustrates the mean change in health fitness characteristics at 2 and 4 months as a function of treatment group. Within group comparisons revealed no differences in health fitness measures in the comparison group at 2 and 4 months. In the CM for exercise group, participants appeared to decrease floor transfer times from 4.6±0.9 s at baseline to 3.9±1.2 s at 2 months; however, this difference did not achieve statistical significance (p=0.06). At 4 months the sample was reduced to three participants so there was no statistical difference between floor transfer times when compared to baseline values. In addition, there were no differences in other health fitness characteristics over time within the CM for exercise group. Between groups comparisons revealed no significant differences in health fitness measures at 2 and 4 months compared to baseline values (Table 6). 

Cardiorespiratory Exercise Capacity
Table 7 presents the mean change in cardiorespiratory exercise capacity scores (VO2) at 2 and 4 months as a function of treatment group. Within group comparisons revealed participants in the comparison group significantly increased VO2 scores from baseline to 2 and 4 months (p=0.009 and p=0.04 respectively). In contrast, no changes occurred in the CM for exercise group from baseline to 2 and 4 months. Between group comparisons revealed the mean change in VO2 scores at 2 months was higher in the comparison group versus the CM for exercise group (p=0.005). However, the mean change in VO2 scores was not different between groups at 4 months. These results may be misleading however, because not all participants were able to adhere to the study protocol. Therefore, VO2 scores of participants who were not able to adhere to the study protocol may be over or underestimated.

Due to the participants’ inability to adhere to the YSET protocol, the work output levels of the last stage were noted across assessments to investigate if submaximal exercise capacity improved. Table 8 presents the mean change in work output of the last stage completed in the YSET from baseline to 2 and 4 months as a function of treatment group. Work output levels did not change over 2 and 4 months for those in the comparison group. However, work output levels increased for those in the CM for exercise group at the 2 month follow up (p=0.03). At 4 months, data were collected on only three participants in the CM for exercise group so no differences were present in work output levels. Between group comparisons revealed the mean change in work output levels at 2 months was significantly higher in the CM for exercise group versus the comparison group (p=0.005). However, there were no differences in work output levels between groups at 4 months.  

Figure 2. Consort Flow Sheet
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CM, Contingency Management; **, 2 participants were unable to complete the physical fitness portion of the assessment

Table 4. Mean (±SD) Descriptive Characteristics of Total Sample and by Treatment Group

	Variable
	Total Sample (n=16)
	Treatment Group

	
	
	Comparison (n=11)
	CM for Exercise (n=5)

	Age (yr)
	44.6±5.3
	43.5±5.0
	45.0±5.5

	Gender (% women)
	50
	45.5
	60

	BMI (kg/m2)
	28.0±4.8
	29.3±5.2
	25.1±1.9*

	WC (cm)
	90.1±10.9
	92.4±11.8
	84.8±6.9

	SBP (mmHg)
	124.6±8.1
	126.4±6.9
	120.7±9.8

	DBP (mmHg)
	83.0±7.6
	84.3±6.6
	80.1±9.8

	Grip Strength (kg)
	39.2±9.0
	40.9±10.0
	35.3±5.6

	Floor Transfer Time (s)
	4.1±1.0
	3.8±0.9
	4.6±0.9

	Sit & Reach (cm)
	26.8±9.7
	25.2±10.6
	30.3±6.9

	Walking Distance (mi/wk)
	6.8±6.3
	6.8±6.0
	7.0±7.9

	PA (kcal/wk)
	1077.9±740.4
	1176.1±733.6
	862.0±790.9

	Vigorous Activity (hr/wk)
	0.4±0.8
	0.6±.87
	0.0±0.0

	Moderate Activity (hr/wk)
	13.2±8.9
	14.7±9.5
	9.8±.07

	Light Activity (hr/wk)
	27.0±16.9
	25.8±16.9
	29.8±18.5


CM, Contingency Management; BMI, Body Mass Index; WC, Waist Circumference; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; PA, Physical Activity; *, p = 0.04
Figure 3. Mean (±SEM) Change in Weekly Walking Distance from Baseline to 2 and 4 Months


Figure 4. Mean (±SEM) Change in Weekly Caloric Expenditure from Baseline to 2 and 4 Months


Table 5. Mean Change (±SD) in Time Spent in Vigorous, Moderate, and Light Intensity Physical Activity from Baseline to 2 and 4 Months (n=16)

	Variable
	CM for Exercise
	Comparison

	
	2 Months
	4 Months
	2 Months
	4 Months

	Vigorous Activity (hr/wk)
	2.4±2.4
	1.5±2.2
	0.4±2.3
	0.2±1.8

	Moderate Activity (hr/wk)
	5.8±6.6
	3.8±5.2
	-3.8±9.6*
	-3.0±6.7*

	Light Activity (hr/wk)
	5.6±15.0
	3.8±11.6
	5.2±22.9
	7.1±20.4


CM, Contingency Management; *, p = 0.09
Table 6. Mean Change (±SD) in Health Fitness Characteristics from Baseline to 2 and 4 Months (n=16)

	Variable
	CM for Exercise
	Comparison

	
	2 Months
	4 Months
	2 Months
	4 Months

	Body Mass Index (kg/m2)
	-0.04±0.8
	0.08±1.1
	-0.4±1.2
	0.01±1.5

	Waist Circumference (cm)
	1.6±3.3
	-0.8±10.7
	-1.4±3.6
	-1.3±3.2

	SBP (mmHg)
	1.2±4.1
	6.9±13.9
	-0.06±7.1
	-3.1±7.1

	DBP (mmHg)
	-1.6±8.0
	-1.2±7.7
	-1.0±5.3
	-1.1±4.9

	Grip Strength (kg)
	-0.5±2.4
	-0.4±2.4
	-2.7±5.6
	-1.2±2.3

	Floor Transfer Time (s)
	-0.7±0.6*
	-1.1±0.5
	-0.1±0.8
	-0.01±1.3

	Sit & Reach (cm)
	1.0±3.4
	-0.3±3.0
	0.1±3.2
	-2.0±4.5


CM, Contingency Management; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; *, p = 0.06
Table 7. Mean Change (±SD) in Cardiorespiratory Exercise Capacity Scores (VO2) from Baseline to 2 and 4 Months (n=16)

	Variable
	CM for Exercise
	Comparison

	
	2 Months
	4 Months
	2 Months
	4 Months

	VO2 (ml.kg-1min-1)
	-9.0±10.2
	-2.4±11.8
	7.2±7.8*
	8.1±12.1


CM, Contingency Management; *, p = 0.005
Table 8. Mean Change (±SD) in Work Output of the Last Stage Completed in the YMCA Submaximal Exercise Test from Baseline to 2 and 4 Months (n=16)

	Variable
	CM for Exercise
	Comparison

	
	2 Months
	4 Months
	2 Months
	4 Months

	Work Output (kgm)
	105±67.1
	75±75.0
	-13.6±80.9*
	6.8±91.6


CM, Contingency Management; *, p = 0.03
Chapter 5

Discussion

This study examined if CM is an effective method to improve physical activity levels among people with HIV and substance use disorders. CM had a positive effect on physical activity levels by increasing weekly walking distance and weekly caloric expenditure (Figures 3 & 4). In addition, it appears those in the CM for exercise group tended to increase time spent in moderate intensity physical activity (Table 5). Despite improvements in physical activity levels, the only change in health fitness measures observed in the CM for exercise group was floor transfer time at the 2 month follow up period (Table 6). Thus, it appears CM effectively improved physical activity levels among people with HIV and substance use disorders without eliciting changes in the majority of health fitness measures assessed in this study. 

CM for Exercise
Other studies have examined providing reinforcement for physical activity and/or exercise among people with obesity and college students23-25, 32. Similar to our results, previous studies reported CM was an effective method to improve attendance and/or adherence to an exercise program, and increase physical activity levels23-25, 32. 

Specifically, Jeffery et al, (1998) reported directly paying participants small sums of money contingent on attending scheduled walking sessions doubled the number of walking sessions attended, versus standard behavior therapy consisting of weekly meetings with a therapist to discuss dieting and exercise24. Thus, similar to our findings, CM was an effective method to improve walking levels. Jeffery et al, (1998) also measured weekly caloric expenditure between the incentive and standard behavior therapy groups. Contrary to our findings, no differences were found in caloric expenditure between the monetary incentive group and standard behavior therapy group. A possible reason for the discrepancy is Jeffery et al, only reinforced attendance to walking sessions and not other forms of physical activity or exercise24. Thus, reinforcing multiple forms of activity and exercise may lead to increased caloric expenditure.

Similarly, Epstein et al, (1995) reported providing reinforcers to children for participating in active behaviors increased activity levels23. In addition, Devahl et al, (2005) reported providing higher academic incentives to college students improved attendance to an aerobic exercise program compared to low academic incentives32. Similar to our findings, both studies demonstrated exercise and physical activity levels were increased due to rewarding participation in an exercise program or physical activity behaviors23, 32. 

In addition to measuring physical activity and exercise levels, investigators such as Devahl et al (2005) and Stalonas et al (1978) measured physiological effects of increased activity25, 32. Specific outcomes measured mainly targeted weight loss measures such as changes in body weight and percent body fat to reflect the overall goals of the respective studies. Devahl et al, (2005) reported students in the higher incentive condition for exercise adherence lost more percent body fat32. In addition, Stalonas et al, (1978) reported those in an exercise based CM intervention program lost a significant amount of weight over 10 weeks, 3 months, and 1 year compared to baseline levels25. In contrast, the primary goals of our study were to increase physical activity and exercise levels to improve overall health rather than target weight loss. Despite the overall sample being overweight, those in the CM for exercise group were within the normal weight range (Table 4). In addition, baseline health fitness measures tended to be better for those in the CM for exercise group. Thus, unlike previous studies25, 32, no differences were observed in BMI or body weight.

Overall, our results demonstrate CM is an effective method to improve physical activity levels among people with HIV. To our knowledge, this is the first study to examine the effect of CM on physical activity levels among people with HIV and substance use disorders. In addition, few studies have investigated the use of CM for physical activity and exercise. Thus, our study not only supports the existing literature that CM may improve physical activity and exercise levels in the short term, but it also suggests CM is successful in doing so for our targeted population. The majority of studies that investigated exercise among people with HIV have solely focused on physiologic benefits rather than improving physical activity or exercise levels7,13, 39, 40. Therefore, our study is novel in targeting ways to improve physical activity and exercise to possibly improve health benefits. 
Health Fitness Measures


We observed that, despite increasing physical activity and exercise levels, no changes occurred in the health fitness measures (Table 6). In contrast, previous studies investigating exercise among people with HIV have reported improvements in body composition, aerobic capacity, and muscle strength9, 13, 14, 40,54. 


Specifically, Smith et al, (2001) reported a 12 wk aerobic exercise program led to decreases in BMI, and abdominal girth as well as increases in aerobic capacity40. In addition, Mutimora et al, (2008) found aerobic and strength training exercises led to decreases in BMI and waist circumference, and increases in aerobic capacity14. Likely reasons our study did not achieve similar results were because our sample was small and unbalanced, and the exercise program was designed to increase physical activity levels rather than to specifically target improvement in body composition and aerobic capacity.


Body composition and aerobic capacity were not the only health fitness measures found to improve due to exercise among people with HIV throughout the literature. Previous studies have reported increases in upper and lower body muscle strength due to resistance training programs13, 54. Specifically, Roubenoff et al, (1999) reported increases in upper and lower body muscle strength after completing an 8 wk progressive resistance training program13. In addition, Rigsby et al, (1992) investigated the effects of a 12 week training program on muscle strength54. Results indicated significant improvements in both chest and leg strength. Contrary to previous studies, our results appeared to show improvements in floor transfer time and maximum workload achieved on the YSET suggesting improved lower body strength and endurance. Again, the most likely reasons for limited findings in upper body strength were due to a small unbalanced sample and the primary goal of our exercise program was to increase physical activity and exercise levels rather than illicit a specific training effect such as improving muscle strength. If a specific training effect is desired, then CM should be adapted to reinforce an exercise program to influence preferred outcomes.
Despite limited findings among our sample in health fitness measures, a trend suggesting improved floor transfer times is promising. Floor transfer is a good indicator of strength, flexibility, function, and problem solving50. Thus, increased physical activity levels due to CM had a positive impact on overall function evidenced by improved floor transfer times.  In addition, participants in the CM for exercise group increased maximum workload suggesting improved muscular endurance.
Exercise Intervention

Our exercise intervention was designed using the ACSM exercise prescription guidelines for people with HIV and older adults as a model35. Results showed the majority of participants in the CM for exercise group engaged in the physical activity program by attending about 71 % of the total exercise sessions. On average, participants were slightly below the frequency goal of 3 sessions/wk, by completing about 2 sessions/wk. However, the intensity, duration, and modality goals were all achieved. Specifically, the average intensity and duration goals were light to moderate intensity (<6 METs) and ≥ 30 min/session, respectively. Participants averaged a session intensity and duration 3.4 METs and 31 min, respectively. Participants achieved modality goals by attending exercise sessions that included aerobic, strength training, neuromuscular, and flexibility exercises.

 
Based on our results, an appropriate exercise prescription for people with HIV and substance use disorders should be as follows: 

Frequency: Initial frequency levels should be 1-2 d/wk with the goal to progress to ≥ 3 d/wk as suggested by the ACSM guidelines for exercise prescription35.
Intensity: Exercise sessions should be low to moderate intensity (<6 METs).

Time: Exercise sessions should be a minimum of 30 min of intermittent exercise progressing to a minimum of 30 min of accumulated exercise.
Type: Aerobic, muscle strengthening, flexibility, and neuromuscular exercises should be included in the exercise prescription. In addition, modalities that are convenient and easy to do such as walking and body weight exercise are ideal when beginning a program.

Additional considerations for an exercise prescription for people with HIV and substance use disorders are personal training and supervision. Training and supervision are helpful to guide participants through workouts to ensure proper form, technique, and compliance to the FITT recommendations. 

Overall, the frequency, intensity, and time of each session in our recommended exercise prescription are less than those recommended by the ACSM guidelines for people with HIV. However, lower recommended exercise parameters may be more appropriate for people with HIV and substance use disorders. In fact, according to the public health perspective for physical activity recommendations, a dose response relationship exists between physical activity and health (i.e., some activity is better than none, and more activity, up to a point, is better than less)35. Even though low doses of physical activity may not illicit physiological changes such as weight loss or improved aerobic capacity, there are potential benefits for our sample such as improved energy levels, mood, sleep, and quality of life. 
Strengths and Limitations


The strengths of this study lie in the study design and the research team. This was a randomized controlled trial ideal to investigate the effects of CM on physical activity levels. Using a randomized control trial allowed researchers to isolate differences between the CM for exercise and comparison groups due to the intervention. In addition, the research team combined multiple areas of expertise. Behavioral psychologists carried out the CM portion of the study while exercise physiologists oversaw the physical activity and exercise component. Despite the strong study design and research team, limitations were present.


Limitations in this study included the use of the PPAQ to determine physical activity levels, a small unbalanced sample, and differences in baseline characteristics such as BMI and health fitness measures. Questionnaire assessments are an inexpensive way to collect data over long time periods. However, they are prone to subjective bias when measuring lifestyle behaviors such as physical activity55. Another limitation was the small unbalanced sample. Sixteen out of 54 eligible participants were used in the analyses: five in the CM for exercise group and 11 in the comparison group. The small final sample was mainly due to health complications experienced during the study or prior to enrolling in the study. Given the sample size, limited results were observed among the health fitness measures, which may have been due to Type II statistical error. Lastly, there were differences between baseline BMI levels between the two groups. Also, despite no significant differences in baseline health fitness measures between groups, it appears the CM for exercise group tended to be healthier. Therefore, it is possible inherent difference in the baseline health fitness measures between groups could affect the compared outcomes. 
Conclusions

In this study, we observed CM to be an effective intervention to improve physical activity and exercise levels among people with HIV and substance use disorders. It was a novel study, employing a behavioral approach not traditionally used to improve physical activity and exercise levels in this population. In addition, very few studies have investigated ways to increase physical activity and exercise among people with HIV. Therefore, our findings suggest CM does improve physical activity levels in the short term. In addition, our findings contribute to the foundation of components necessary for an initial exercise prescription for people with HIV and substance use disorders. Despite the improved activity levels, few changes were observed in health fitness measures. Therefore, further research is necessary to employ methods to improve physical activity and exercise levels while determining the parameters required to illicit changes in health fitness measures among people with HIV and substance use disorders. In addition, further research needs to investigate the long term effects of CM on physical activity and exercise. 

APPENDIX A

Paffenbarger Physical Activity Questionnaire (PPAQ)
Please answer the following questions based on your average daily physical activity habits for the past year.  

1.  How many city blocks or their equivalent did you walk on an average day during the past year?



_______ blocks per day (12 blocks = 1 mile)

2.  What is your usual pace of walking?   (Please check one)
 Casual or Strolling (less than 2mph)
 Average or Normal (2 to 3mph)
 Fairly Brisk (3 to 4mph)


 Brisk or Striding (4 mph or faster)
3.  How many flights of stairs did you climb up on an average day during the past year?



________ flights per day (1 flight or floor = 10 stairs)

4.  List any sports or recreational activities you have actively participated in during the past year.  Please remember seasonal sports or events.  

Enter the average number of times per week you took part in these activities and the average duration of these sessions.  Include only time you were physically active (that is, actual playing or activity time).  







                     Average Times per Episode    Sport or Recreation
                  Times per Year                   Hours
             Minutes
_____________________            _____________                _______​          _______

_____________________
      _____________

_______
_______
_____________________
      _____________

_______
_______
_____________________
      _____________

_______
_______
_____________________
      _____________

_______
_______
_____________________
      _____________

_______
_______
_____________________
      _____________

_______
_______
Paffenbarger Physical Activity Questionnaire (PPAQ)
5.  Which of these statements best expresses your view?  (Please check one)
 I take enough exercise to keep healthy
 I ought to take more exercise
 Don’t know

6.  At least once a week, do you engage in regular activity akin to brisk walking, jogging, bicycling, swimming, etc. long enough to work up a sweat, get your heart thumping,, or get out of breath?


 Yes
  

How many times per week?  ________times per week  

What Activity: ________________________________

 No



Why not:  ____________________________________

7.  When you are exercising in your usual fashion, how would you rate your level of exertion (degree of effort)?

	
	
	
	
	
	
	
	
	
	
	
	

	0.0
	0.5
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Normal
	Very, Very Weak
	Very Weak
	Weak
	Moderate
	Somewhat Strong
	Strong (heavy)
	
	Very Strong
	
	
	Very, Very Strong


8.  On a usual weekday and a weekend day, how much time do you spend on the following activities?  (Total for each day should add to 24 hours)

	
	Usual Wkday
	Usual Wkend

	
	Hr/Day
	Hr/Day

	A. Vigorous activity (digging in the garden, strenuous sports, jogging, aerobic dancing, sustained swimming, brisk walking, heavy carpentry, bicycling on hills, etc.)
	
	

	B. Moderate activity (housework, light sports, regular walking, golf, yard work, lawn mowing, painting, repairing, light carpentry, ballroom dancing, bicycling on level ground, etc.)
	
	

	C. Light activity (office work, driving car, strolling, personal care, standing with little motion, etc.)
	
	

	D. Sitting activity (eating, reading, desk work, watching TV, listening to radio, etc.)
	
	

	E. Sleeping or reclining
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WEEKLY PHYSICAL ACTIVITY CONTRACT – LIGHT INTENSITY EXAMPLE (BEGINNERS WORKOUT)


Light Intensity in terms of level of physical exertion corresponds to: on a scale of 0-10 for level of physical exertion, 3-4 or minimal increases in breathing and heart rate so that conversation is able to be carried on.


THIS WEEK I AGREE TO:


ACTIVITY�
TIME SCHEDULED�
POTENTIAL


PROBLEMS�
VERIFICATION�
DONE�
�
1. 7,500 Steps on 1 day�
Monday throughout the day�
Bad weather�
Pedometer�
�
�
2. Resistance Training Session - 4 exercises targeting major muscle groups. 2 sets/exercise, 12-15 reps/set.�
Tuesday @ 5:30pm�
Too tired�
Attendance Sheet�
�
�
3. Aerobic Training Session - Exercise Bike for 20 minutes�
Thursday @ 5:30pm�
Don’t feel like it�
Attendance Sheet�
�
�
4. Alternate: 7,500 Steps on 1 day�
Friday�
Too tired, bad weather�
Pedometer�






�
�
I understand that I will be eligible for one drawing for each of the three physical activities that I complete and provide proof of completing between now and  Friday, 02/26/2010.  I also understand that I will receive    3    bonus drawings if I complete all three of my activities.  This will result in a total of    6    drawings.


__J.D.________________________								02/19/2010


                Participant’s Initials									               Date


_J.W._________________________								02/19/2010


Interventionist’s Initials									             Date





WEEKLY PHYSICAL ACTIVITY CONTRACT – MODERATE EXAMPLE (ADVANCED WORKOUT)


Moderate Intensity in terms of level of physical exertion corresponds to: on a scale of 0-10 for level of physical exertion, 5-6 or noticeable increases in heart rate and breathing.


THIS WEEK I AGREE TO:


ACTIVITY�
TIME SCHEDULED�
POTENTIAL


PROBLEMS�
VERIFICATION�
DONE�
�
1. 2 Aerobic Training Sessions – walking on the tread climber (30 min) and Exercise bike (30 min)�
Monday 3:00pm & Friday 3:00pm�
Don’t feel like going to the YMCA�
Techno Gym Printout�
�
�
2. Resistance training – 8-10 exercises targeting major muscle groups. 3 sets/exercise, 10-12 reps/set.�
Tuesday @ 11:30am�
Too tired�
Attendance Sheet�
�
�
3. Resistance training – 8-10 exercises targeting major muscle groups. 3 sets/exercise, 10-12 reps/set.�
Thursday @ 11:30am�
Don’t feel like going to Connections�
Attendance Sheet�
�
�
4. Alternate:10,000 Steps on 2 days�
Wednesday & Saturday�
Bad weather�
Pedometer�
�
�
I understand that I will be eligible for one drawing for each of the three physical activities that I complete and provide proof of completing between now and  Friday, 02/26/2010.  I also understand that I will receive    7    bonus drawings if I complete all three of my activities.  This will result in a total of    10    drawings.


__J.D.________________________								02/19/2010


Participant’s Initials										Date


_J.W._________________________								02/19/2010


Interventionist’s Initials									            Date
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APPENDIX B Sample Activity Contracts





4 Months





Weekly Walking Distance (mi/wk)





* p<0.000 CM for Exercise vs. Comparison


# p=0.05 CM for Exercise vs. Comparison





-1.9





9.8*





-0.3





9.1#





2 Months





4 Months





Weekly Caloric Expenditure (kcal/wk)





-361.1





71.9





1328.3#








1105.2*





* p<0.000 CM for Exercise vs. Comparison


# p=0.05 CM for Exercise vs. Comparison
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