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ABSTRACT 

 
 Bone density and body composition among the average population has been extensively 

researched; little research has been reported on the effects of Severe Mental Illness (SMI). 

Recent studies have suggested that individuals with SMI are at greater risk of osteoporosis, but 

the study groups have been primarily patients that required chronic institutionalized care. 

Purpose: To assess bone mineral density (BMD) and body composition in individuals with SMI. 

Methods: BMD of the forearm and femoral neck and body composition was measured by a 

DXA unit (Hologic QDR 4500). 28 individuals (15 male; 13 female) with Severe Mental Illness 

(bipolar (N=13), schizophrenia (N=4), schizoaffective (N=4), major depression/depression 

(N=2), and other (N=5)) volunteered for this study. Results: Total group (N=28) body fat 

percentage (35.5±9.4) and BMI (31.7±6.24) is significantly greater (<0.05) than the national and 

state averages. Forearm BMD results showed t-score values of 0.0±1.1 and femoral neck t-scores 

of -0.4±0.8.  By groups, results showed bipolar (N=14) to have the highest body fat % (39.1±8.1 

vs. 30.7±9.4 %, p<0.05) and greatest risk of CVD (DXA forearm t-score and femoral neck were 

normal). The schizophrenia group (N=5), (body fat % = 26.38±8.0; forearm t-score -0.6±1.43; 

femoral neck t-score -1.0±1.08), schizoaffective group (N=4), (body fat % = 27.33±3.8; forearm 

t-score -0.4+1.56; femoral neck t-score -0.4+0.51), major depression/depression group (N=2), 

body fat % = 32.8±8.13; forearm t-score 0.8±0.42 femoral neck t-score -0.4±0.42), and other 

(N=5), (body fat % = 34.7±8.33; forearm t-score -0.7±0.91; femoral neck t-score -0.9±0.70) were 

within normal range. Conclusion: People with SMI that are stabilized on a medication regime 

and integrated into the community do not appear to be at a greater risk of low BMD. Body 

composition findings agree with recent studies indicating that a higher incidence of obesity exists 

in individuals with SMI. Supported by WSU U-Link Award.   
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CHAPTER ONE 

 

INTRODUCTION 

 

 

 Bone is the single most important living, dynamic, supportive tissue in the human body. 

Both cortical and trabecular bone structure is constantly undergoing breakdown and formation, 

as part of the natural process of renewal and repair. Remodeling is the process by which bone is 

broken down and then rebuilt. This process continues until skeletal maturity, which occurs 

between the ages of 25 and 35, when the bone mass reaches its peak strength (Halbriech, 2007; 

Parfitt, 1979; Pigozzi et al., 2009; Prentice, 1997). Bone strength is determined by bone mineral 

density (BMD) which accounts for up to 70% of total bone strength (Alberti & Zimmet, 1997; 

Allison & Casey, 2001). The United States has over 10 million individuals that suffer from 

diseases of bone loss (i.e. osteopenia, osteoporosis), and the prevalence is expected to increase as 

the largest portion of the population becomes older (Bushardt et al., 2006; Maylan et al., 2005). 

Osteoporosis refers to reduced BMD that may lead to significant morbidity, mortality and 

economic burden through associated fragility fractures. Fractures occur in areas of the skeleton 

with a higher ratio of trabecular bone to cortical bone, including the hip, spine, and wrist (Borer, 

2005; Holroyd et al., 2008; Javaid & Holt, 2008). The most common primary forms of bone loss 

that can lead to fracture risk are post menopausal osteoporosis and age related osteoporosis 

(Glaser & Kaplan, 1997). A main cause of secondary osteoporosis is drug induced bone loss 

(Hummer et al., 2005).  

 Psychiatric disorders are associated with an increased rate of premature death 

(Barraclough & Harris, 1998), especially those with severe mental illness (SMI) (schizophrenia 

and schizoaffective disorder, bipolar disorder, and major depression disorder) (Saarni et al., 

2009; Suvisaari et al., 2008). Mortality  of individuals with psychiatric disorders have been 
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explained by lifestyle factors (smoking, nutrition, exercise) (Brown et al., 1999), medication 

(Allison et al., 1999) and by intrinsic effect related to the psychiatric illness (DeHert et al., 2006; 

Saarni et al., 2009; Thakore, 2004). The multiple lifestyle behaviors of individuals with SMI (i.e. 

smoking, limited exercise, poor nutrition) are known to be risk factors for osteoporosis (O'Keane 

& Meaney, 2005). Additionally individuals with severe mental disorders are at an increased risk 

of lower bone mineral density due to their medication (Halbreich & Palter, 1996; Misra et al., 

2004). Current research on individuals with SMI has been performed on those institutionalized, 

other mental illness populations have not been accounted for.  

1.1 Statement of Problem 

 An estimated one in four U.S. adults aged 18 and over suffers from a diagnosable mental 

illness (National Institute of Mental Health, 2008). Of those that suffer from a mental illness 

three percent of adults have SMI, including one percent with schizophrenia and two percent with 

MDD or bipolar disorder (Bartels, 2004). Sedgwick County in South Central Kansas is estimated 

by the United States Census (2006), to serve more than 470,000 residents of diverse ethnic and 

cultural backgrounds (U.S. Census Bureau, 2000). The city of Wichita is a main urban center in 

Sedgwick County and is the largest city in Kansas with 400,000 people. Approximately 4.5% 

(18,000) of these individuals struggle with symptoms of mental illness (U.S. Census Bureau, 

2000). Presently more than 3,000 are helped by non-profit agencies that provide mental health 

services to those with low incomes. In the city of Wichita, 70% of people in the public mental 

health systems are unable to work competitively; most people live on social security assistance 

of less than $600 a month. SMI is a major public health problem, yet is often undiagnosed and 

untreated. It is the leading cause of disability and a significant contributor to loss in the U.S. 

economy. In recent years, the cost of not treating mental illness has far exceeded the direct costs 
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of treatment, as the U.S. economy loses an estimated $113 billion a year due to untreated and 

mistreated mental illness, while an estimated $55 billion is spent on treatment and support.  

 Those with mental illness have an average life expectancy that is 25 years less than the 

average healthy adult (Parks et al., 2006). The exact cause of the high mortality rate is unknown. 

Recently there has been an increased awareness of bone health in individuals with SMI. These 

individuals appear to be at a increased risk of low BMD and also have a poorer outcome 

following hip fractures (Javaid & Holt, 2008). If left untreated, low BMD can develop into 

osteoporosis, which leads to significant morbidity, mortality and high health care costs. It has 

been hypothesized that individuals with schizophrenia, schizoaffective, bipolar disorder and 

major depressive disorder are at an increased risk of osteoporosis, due to a combination of their 

psychotropic medications and lifestyle (e.g. alcohol, smoking and physical inactivity) (Stubbs et 

al., 2009). 

 A reduced level of physical activity weakens the person with a mental illness; inactivity 

slows down, and in some cases eliminates, the process of recovery. Guidelines for prescribing 

exercise and performing exercise testing have not been established for this clinical population. 

General recommendations are to follow standard American College of Sports Medicine protocols 

for working with apparently healthy individuals (Durstine et al., 2009). The recommendations 

themselves suggest a lack of research on this topic. Studies have shown that exercise directed 

more towards increasing muscle strength and BMD would have advantages over and above 

aerobic training.  

1.2 Purpose 

 The purpose of this study was to assess the bone mineral density and body composition in 

individuals with severe mental illness, who are not institutionalized.  
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1.3 Significance of Study 

 Individuals with SMI are at a higher risk for conditions such as diabetes, hypertension, 

obesity, cardiovascular disease, respiratory ailments and are more likely to have an addiction to 

tobacco, alcohol and other drugs. Many of the psychotropic mediations carry adverse side effects 

of weight gain, diabetes and fatigue, among others. Studies have shown weight gain to be as 

much as ten pounds in the first ten weeks (Allison et al., 1999), six pounds in six weeks (Marder 

et al., 2003), and Olanzapine alone has shown to result in weight gain of two pounds per month 

of treatment (Lieberman et al., 2005). 

 Loss of bone mineral density has not been included on this list of effects of mental illness 

medications; this is likely due to the lack of research on this population. The research that has 

been done on this population is on inpatients or individuals in long-term psychiatric wards 

(Halbreich et al., 1995b; Hallahan et al., 2008; Hummer et al., 2005; Stubbs et al., 2009). These 

studies do not include all populations of individuals with SMI, such as those within the 

community. This study aims to evaluate those individuals with SMI that are not institutionalized.  

1.4 Variables 

1.4.1 Independent Variable 

 The independent variable in this study was the diagnosis of each participant, their 

medication regimen and lifestyle. 

1.4.2 Dependent Variable 

 The dependent variable in this study was bone mineral density at two sites (forearm, and 

femoral neck), and body fat percentage, assessed by dual energy x-ray absorptiometry (DEXA). 
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1.4.3 Control 

 The control group consisted of age matched individuals without a history of SMI and was 

obtained from the extensive DEXA database. The author was blinded to the names and the 

individuals were chosen at random, without knowledge of results. 

1.5 Hypothesis 

 It was hypothesized that bone loss is greater in individuals with SMI when compared to a 

healthy age matched population. A combination of physical inactivity with the side effects of 

psychotropic medications may increase the difference in bone loss.   

1.6 Definitions 

1. Severe Mental Illness (SMI): any DSM mental disorder leading to „substantial inference‟ 

with one or more major life activities (Saarni et al., 2009). Axis I diagnosis under the 

DSM IV. 

2. Diagnostic and Statistical Manual of Mental Disorders (DSM) IV: published by the 

American Psychiatric Association, provides a common standard for the classification of 

mental disorders. The fourth edition (DSM IV) was published in 1994; the fifth edition is 

currently in planning.  

3. Hyperprolactinaemia: a sustained level of prolactin above the laboratory upper level or 

normal (Stubbs, 2009). 

4. Bone Health: the current status of an individual‟s skeletal integrity, having BMC and 

BMD measurements within or above the normal for an age-matched population.  

5. Bone Remodeling: cycle of breaking down, reabsorbing, depositing and calcifying of 

bone tissue. 
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6. Bone Mass: the amount of accrued calcium found in bone tissue; synonymous with BMC 

and BMD.   

7. Bone Mineral Density (BMD): adjusted value of crystallized calcium phosphate with 

respect to measured bone area, measured in g/cm², by DEXA. 

8. Bone Mineral Content (BMC): the absolute value of crystallized calcium phosphate, 

measured in grams by DEXA. 

9. Dual Energy X-Ray Absorptiometry (DEXA or DXA): imaging technique that allows for 

separation of the body mass into bone mass, fat mass (FM), and fat-free mass (FFM) and 

estimation of regional body composition (Tylavsky et al., 2002).  

10. Body Composition: relative amount of body fat in proportion to lean tissue mass and the 

distribution of fat in the body (Kaminksy & Hamm, 2006). 

11. Body Fat Percentage (BF%): the amount, expressed as a percentage, of the body that is 

made up of fat tissue (Kaminksy & Hamm, 2006).  

12. Body Mass Index (BMI): an expression used to evaluate weight in the context of the 

distribution of mass over an individual‟s height (weight in kg/height meters²) (Kaminksy 

& Hamm, 2006). 

13. Sedentary Lifestyle: an individual not engaging in greater than 2 hours of physical 

activity per week.  

1.7 Assumptions 

 In order for the experimental design to be valid the author has accepted the following 

assumptions. 

1. It is assumed that each participant accurately self-reported their medical history; 

including diagnosis, medications and physical activity.  
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2. It is assumed that the DEXA was in working order, as per the manufacturer, during 

each scan.  

3. The control group was assumed to be healthy and without a history of SMI due to 

lack of medical history availability. 

1.8 Limitations 

 The author recognizes the limitations to this experimental design and will briefly discuss 

them in this section.  

1. The major limitation to this study was the small sample size. The study included 30 

participants, which was appropriate to show trends in bone mineral density and body 

composition.  

2. The other main limitation is the limited number with each diagnosis. With more 

individuals included in each diagnosis group, the results would provide more accurate 

results for each diagnosis.  

3. The study contains a large range of ages (21-66). More selective age groups would 

help eliminate age related changes to BMD.   

4. Dietary calcium is an important factor in determining bone health. This study did not 

monitor the dietary calcium of participants and is unable to account for the variance 

in bone mineral density due, to calcium intake. Additional dietary factors such as 

caffeine, sugar and salt intake were not recorded.  

1.9 Delimitations 

 The results of this study are limited to individuals with SMI that are considered stable (no 

change in medication regimen for three weeks prior to enrollment). BMD results pertain to the 
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testing protocol and equipment used in this study. Therefore, studies using other methods for 

obtaining BMD may not produce the same results. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

 

2.1 Overview of Severe Mental Illness 

 An estimated one in four U.S adults aged 18 and over suffer from a diagnosable mental 

illness (National Institute of Mental Health, 2008). Severe mental illness (SMI) is a major public 

health problem, yet is often undiagnosed and untreated. SMI refers collectively to any one of 300 

different diagnosable mental disorders characterized by disturbances in a person‟s thoughts, 

emotions or behavior (Durstine et al., 2009). The diagnoses that are most strongly associated 

with SMI, in reference to this paper are bipolar disorder, schizophrenia, schizoaffective and 

major depressive disorder (MDD). Approximately three percent of American adults have SMI, 

including 1 percent with schizophrenia and 2 percent with MDD or bipolar disorder (Bartels, 

2004). Approximately 4.5 percent (18,000 out of 400,000) living in Wichita, Kansas struggle 

with symptoms of mental illness (U.S. Census Bureau, 2000). SMI is the leading cause of 

disability and a significant contributor to loss in the U.S. economy (Parks et al., 2006).  

 These individuals are at a higher risk for conditions such as diabetes, hypertension, 

obesity, cardiovascular disease, respiratory ailments, and are more likely to have an addiction to 

tobacco, alcohol and other drugs (Brown et al., 1999). Due to these conditions, individuals with 

SMI are at an increased risk of physical death at a younger age when compared to the general 

population (Barraclough & Harris, 1998; Boardman, 2006; Mitchell & Malone, 2006). With 

many having an average life expectancy that is 25 years less than the average healthy adult 

population (Parks et al., 2006). The high morbidity and mortality rates in the U.S. are largely due 

to preventable health conditions that are associated with physical activity levels (Parks et al., 

2006).  
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 Irrespective of the particular illness, those with SMI are at risk of osteoporosis (Howard 

et al., 2007). This link has been known for some time, but gathering evidence proving this link 

has been difficult (Bushe & Shaw, 2007). Within the last five years, there have been many 

studies looking at hyperprolactinaemia in relation to changes in BMD. Traditionally the link 

between osteoporosis and schizophrenia was attributed to behavioral factors and disease 

symptoms as opposed to the side effects of antipsychotic medications (Stubbs, 2009). Recent 

breakthrough studies have established that significantly increased levels of low BMD have been 

reported in women who had elevated prolactin levels in response to antipsychotic treatment at 

8.4 years and 1 year after treatment started (Meaney & O'Keane, 2007; O'Keane & Meaney, 

2005).  

2.1.1 Diagnosis 

 Severe mental illness is a DSM mental disorder leading to „substantial inference‟ with 

one or more major life activities (Saarni et al., 2009). A more clinical definition is an Axis I 

diagnosis under the DSM IV. Four diagnoses will be discussed here:  bipolar disorder, 

schizophrenia, schizoaffective disorder and major depressive disorder.  

 Bipolar disorder or manic depression is a disorder of the brain which affects a person‟s 

mood (National Institute of Mental Health, 2009). There are four specific classifications of 

bipolar disorder that together make up bipolar spectrum disorder: Bipolar disorder type I, bipolar 

disorder type II, cyclotheymia, and bipolar disorder NOS (Not Otherwise Specified) (Benazzi, 

2007). Bipolar disorder presents a unique challenge that sets it apart from other chronic illnesses 

because of its cyclical nature (i.e., alternating episodes of mania and depression (Kilbourne et al., 

2007).  Manic episodes are the „high experience‟ that a person with bipolar is known to 

experience. They are characterized by feelings of intense joy or power and can be accompanied 
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by impulsive behavior, sleeplessness and racing speech or thought (National Institute of Mental 

Health, 2009). The low experience is known as a depressive episode, during which a person will 

feel sad, anxious or empty. During depressive episodes, individuals may experience tiredness or 

irritability; they may also become suicidal (National Institute of Mental Health, 2009). Manic 

and depressive episodes can vary in their severity. People with bipolar disorder may also 

experience mixed symptoms, during which they experience symptoms of both depression and 

mania concurrently (National Institute of Mental Health, 2009). These episodes can lead to long 

periods where the patient has little or no contact with health care providers, which can lead to 

medical co-morbidity. Depressive episodes can lead to increased risk of cardiovascular disease, 

through the effects of sedentary lifestyle and weight gain (Kilbourne et al., 2007).  

 Three to six percent of the population will experience one of the bipolar spectrum 

disorders (Benazzi, 2007). Incidence of bipolar disorder is equal for men and women but women 

have a greater chance of experiencing rapid-cycling (experience at least four episodes of severe 

depression, mania, hypomania or mixed symptoms within the past year and may experience 

multiple episodes within a single week or single day) (National Institute of Mental Health, 2009). 

The onset of bipolar disorder is common during young adulthood, with over half of new cases 

occurring before the age of 25 years. Bipolar disorders in children and adolescents are often 

mixed and ultra-rapid cycling. Misdiagnosis is common, leading to the use of the wrong types of 

medications, which can worsen the course of the disorder (Benazzi, 2007). 

 Treatment for bipolar disorder includes both psychotherapy treatments (Miklowitz, 2006) 

and pharmacologic treatments including antidepressants or anticonvulsants (Keck et al., 2007) 

(medications discussed more in Section 2.1.2). Cognitive-behavioral therapy, family-focused 
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therapy, crisis management and group psychotherapy are some of the psychosocial treatments 

used to treat bipolar disorder (Keck et al., 2007; Miklowitz, 2006).  

 Schizophrenia is a chronic, severe and disabling brain disorder that affects approximately 

one percent of the American population (Bartels, 2004). It is one of the most unexplained and 

costliest mental disorders in terms of human suffering and social expenditure (Os & Kapur, 

2009). The symptoms of schizophrenia fall into three categories: positive symptoms, negative 

symptoms and cognitive symptoms. Each symptom could affect a person‟s ability to perform 

physical activity, adhere to an exercise program or complete an exercise test. Positive symptoms 

are defined as psychotic behaviors not typically seen in the average healthy population and can 

include movement disorders, delusions, thought disorders and hallucinations. The hallucinations 

have been described as things a person visualizes, hears, smells or feels that no one else can see, 

hear, smell or feel (Os & Kapur, 2009). Individuals with positive symptoms may hear voices, 

believe others are reading their minds, controlling their thoughts or plotting to harm them. 

Thought disorders can cause dysfunctional ways of thinking, disorganized thoughts and thought 

blocking, which causes a person to stop speaking in the middle of a thought. Movement 

disorders can cause an individual to become catatonic for hours or repeat certain motions 

(National Institute of Mental Health, 2010b). Negative symptoms are associated with disruptions 

to normal emotions and behaviors. These include lack of pleasure in life, lack of ability to begin 

and sustain activities, speaking little, and speaking in a dull, monotonous voice with little facial 

expressions (National Institute of Mental Health, 2010b). Cognitive symptoms are subtle, 

difficult to recognize and are detected only when tests are performed. These symptoms include a 

poor ability to understand information and use it to make decisions and trouble focusing 

(National Institute of Mental Health, 2010b). All the symptoms can come and go, can be severe 
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at times depending on whether the individual is receiving treatment and many can cause 

individuals to “lose touch” with reality (National Institute of Mental Health, 2010b).  

 A clear genetic susceptibility exists in schizophrenia; however, what one inherits is not 

the illness, but altered brain development, shared partly with other development disorders (Os & 

Kapur, 2009). Schizophrenia affects men and women equally and symptoms usually manifest 

between the ages of 16 and 30. Men tend to experience symptoms at an earlier age then women 

(National Institute of Mental Health, 2010b) and rarely do people develop schizophrenia after the 

age of 45 (Mueser & McGurk, 2004). Schizophrenia rarely occurs in children, but awareness of 

childhood onset schizophrenia is increasing (Masi et al., 2000; Nicolson et al., 2000). A 

diagnosis in adolescents is difficult because many signs of schizophrenia (change of friends, drop 

in grades, sleep problems and irritability) are common among teens (National Institute of Mental 

Health, 2010b). The exact causes of schizophrenia are still unknown, treatments focus on 

eliminating the symptoms and include antipsychotic medications (discussed further in Section 

2.1.2) and various psychosocial treatments (National Institute of Mental Health, 2010b). 

 There are difficulties surrounding the classification of mixed psychotic and affective 

syndromes, which is also known as schizoaffective disorder. A clinical diagnosis of 

schizoaffective disorder is distinguished by the simultaneous presentation of psychotic symptoms 

such as hallucinations, delusions or thought disorders and affective symptoms (depressive or 

manic component) (Malhi et al., 2008). The DSM-IV criteria for schizoaffective disorder 

includes an uninterrupted period of illness during which there is either a major depressive 

episode, a manic episode or a mixed episode concurrent with symptoms that meet the criteria for 

schizophrenia (Malhi et al., 2008). Schizoaffective occurs more often in women than in men and 

particularly in married women, with women more likely to have depressive symptoms. However, 
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the age of onset for women is later than men and men with schizoaffective disorder are more 

likely to manifest antisocial behavior and have either a flat or inappropriate affect. The 

depressive symptoms are commonly seen in the elderly, where as the bipolar type of symptoms 

appear predominately in younger patients (Malhi et al., 2008). Relatively little is known about 

the incidence, prevalence, demographic factors or risk factors associated with schizoaffective 

disorder. Individuals with the disorder often maintain complex pharmacological regimens to 

target both psychotic and affective symptoms (Malhi et al., 2008).  

 Major depressive disorder (MDD) also known as major depression is characterized by 

recurring depressive episodes (Moller, 2008) and is a lifelong struggle for many. It is a common 

and destructive disorder with long lasting episodes, a high risk of relapse and recurrence and can 

cause severe physical and psychological disability (Akkaya, 2006). The symptoms include a sad 

or “empty” feeling, feelings of hopelessness, guilt, irritability, loss of interest, fatigue, insomnia, 

overeating or loss of appetite, thoughts of suicide and/or attempts and persistent aches and pains 

(Cassano & Fava, 2002). These symptoms will vary depending on the individual and their 

particular illness. MDD is a treatable disorder, even in the most severe cases and the earlier 

treatment begins the more effective it becomes. Unfortunately, the onset and end of episodes are 

not clear for many and the intervals between episodes may not be symptom free (Moller, 2008).  

 MDD is more common among women than men due to biological, life cycle, hormonal, 

and psychosocial factors. Men experience MDD differently than women and may have different 

ways of coping with the symptoms. Men are more likely to acknowledge having fatigue, 

irritability, loss of interest, whereas women are more likely to admit to feelings of sadness, 

worthlessness and/or excessive guilt (Cochran & Rabinowitz, 2000). Before puberty, boys and 

girls are equally likely to develop MDD. By age 15, girls are twice as likely as boys to have 
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experienced a major depressive episode (Cyranowski et al., 1999). Many older adults have 

MDD, even though it is not a normal part of aging. When older adults do have depression, it may 

be overlooked because they show different, less obvious symptoms. Due to the under diagnosis 

in older adults, they are more likely to commit suicide, with the highest rates in older white 

males aged 85 and older (Fiske et al., 2009). 

  It is widely recognized that individuals with MDD will benefit from long-term treatment 

(Moller, 2008). Treatment guidelines have identified three phases of treatment: an acute phase 

(lasting 6-10 weeks); a continuation phase (lasting 16-20 weeks but possibly 9-12 months); and 

for patients with recurrent depression, a lifelong maintenance phase (Akkaya, 2006; Moller, 

2008). The goal of continuation therapy is to maintain and possibly increase the response to 

acute treatment and to avoid relapse (Moller, 2008). Recent studies have confirmed that this 

long-term psychotherapy can significantly reduce the risk of relapse (Paykel, 2001) and when 

combined with anti-depressant medications it increases the effectiveness (Blier et al., 2007). 

2.1.2 Medications 

 The majority of individuals with SMI are taking some form of psychiatric medication 

(e.g. anti-anxiety, antidepressant, antipsychotic). These are the most commonly prescribed 

medications in the U.S. (Cohen, 2007), 86 billion dollars a year are spent on antidepressants 

alone (Conner, 2008). Many of these psychiatric medications carry adverse side effects of weight 

gain, diabetes and fatigue, among others. Studies have shown weight gain to be as much as 10 

pounds in the first 10 weeks (Allison et al., 1999), 6 pounds in 6 weeks (Marder et al., 2003), and 

Olanzapine alone has shown to result in weight gain of two pounds per month of treatment 

(Lieberman et al., 2005). Another side effect of antipsychotic medication that is receiving little 

attention, is medication induced hyperprolactinaemia (i.e. raised prolactin levels), which has 



16 
 

been shown to effect bone mineral density. A recent study established that schizophrenia and 

prolactin raising antipsychotic medications are directly associated with hip fracture (Howard et 

al., 2007). This is important as osteoporotic fractures are associated with morbidity and mortality 

(Hummer et al., 2005). 

 Anti-anxiety medications are used to treat anxiety and panic disorders. Anti-anxiety 

medications may be prescribed along with antidepressants to help control anxiety. The most 

commonly prescribed medication is alprazolam (Xanax). If alprazolam is unsuccessful, then the 

most potent of the available benzoiapzepenpines, lorazepam (Ativan) is prescribed (Wilson et al., 

2007). The side effects are drowsiness, potentation of alcohol effects, and withdrawal (Durstine 

et al., 2009). There is also the risk for the development of hypertension, tachycardia, and other 

cardiac arrhythmias can occur with these medications (Wilson et al., 2007). These medications 

do not carry the side effect of weight gain to the extent of antidepressants and antipsychotic 

medications.  

 There are many antidepressants to choose from for treatment. Each antidepressant 

belongs to a group based on which neurochemical axis it affects in the brain, yet all appear to be 

equally effective (Hackley et al., 2010). The most commonly used medications are the newer 

agents: selective serotonin reuptake inhibitors (SSRIs), norepinephrine and dopamine reuptake 

inhibitors (NDRIs), and serotonin-norepinephrine reuptake inhibitors (SNRIs; Table  2.1) 

(Hackley et al., 2010). These medications improve symptoms of depression, which include 

sadness, hopelessness, lack of energy, difficulty concentrating and lack of interest in activities 

(National Institute of Mental Health, 2010a). Antidepressants are also prescribed to individuals 

with anxiety disorders. There are many known side effects to anti-depressant medications the 
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most common are: headaches, hypertension, dry mouth, nausea, fatigue, insomnia, dizziness and 

weight gain (Durstine et al., 2009; Wilson et al., 2007).  

TABLE 2.1 
 

COMMONLY PRESCRIBED ANTIDEPRESSANT MEDICATIONS 
 

SSRI SNRI 
Citalopram hydrobromide Duloxetine hydrochloride (Cymbalta) 
Escitalopram oxalate (Lexapro) Venlafaxine (Effexor, Effexor XR) 
Fluoxetine Hydrochloride (Prozac) 

 Fluvoxamine (Luvox) 
 Paroxetine 
 Sertaline hydrochloride (Zoloft) 
 Sibutramine   

Adapted from: Wilson et al., 2007 
 

  Antipsychotic medications are used to treat severe cases of mental illness such as 

schizophrenia (Durstine et al., 2009) and is sometimes prescribed for those with bipolar disorder. 

There are two types of antipsychotic medications: first generation (typical) and second 

generation (atypical) (Table 2.2). Typical antipsychotics are proven to have the side effects of 

extrapyramidal symptoms (EPS) (i.e. akathisia, Parkinsonism, and dystonia), 

hyperprolactinaemia and the potentially fatal, neuroleptics malignant syndrome (NMS). There is 

an association for increased weight gain with typical antipsychotics but not to the same degree as 

with atypical (Buchholz et al., 2008; Dawkins et al., 1999; Seeman, 2009).  

 Atypical antipsychotics are newer, more commonly used and grouped by the reduced or 

no risk of producing EPS and TD. Recent research has provided strong evidence of the 

effectiveness of atypical antipsychotics and there is a growing sense that they are becoming, or 

should become, first-line intervention drugs when antipsychotic treatment is required (Dawkins 

et al., 1999). The most common side effects of antipsychotics are sedation, nausea, and vomiting, 

with the most important being weight gain (Dawkins et al., 1999).  
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TABLE 2.2 
 

COMMONLY PRESCRIBED ANTIPSYCHOTIC MEDICATIONS 
 

Typical Atypical 
Phenothiazines Clozapine (Clozeril) 
Butyrophenones (Halperidol) Olanzapine (Zyprexa) 
Benzarrides (Sulpiride) Risperiodone 
 Quetiapine 
  Ziprasidone 
 
 Weight gain can be induced by many antipsychotic medications, along with psychotropic 

medications, antidepressants and mood stabilizers. The percentage of patients gaining weight 

during antipsychotic treatment can be as high as 80%, depending on the drug used, with 

approximately 30% developing obesity (Seeman, 2009). Being overweight and antipsychotic 

treatments can increase the risk for hypertension, cardiovascular disease, obesity, impaired 

glucose tolerance, dyslipidemia, along with others (Parsons et al., 2009).  A study found that 

after 10 weeks of treatment with atypical antipsychotic medications, with a standard dose, weight 

gain can increase by 4.5 kilograms (Zimmerman et al., 2003), and weight gain is associated with 

glucose intolerance and hypertension. This weight gain is not associated with gender or with 

response. It is a significant side effect, especially for the adolescent population; weight gain is a 

common cause for discontinuation of drugs in the young (Dawkins et al., 1999). Atypical 

antipsychotics can elevate glucose and may unmask diabetes and can elevate cholesterol. It is 

unclear whether these effects are secondary to weight gain or are independent or causative of 

weight gain. The long-term medical consequences of these effects are also unknown (Dawkins et 

al., 1999).  

 Hyperprolactinaemia remains one of the most commonly found side effects of 

antipsychotic treatment (Bushe & Shaw, 2007). Antipsychotic medication blocks type 2 
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dopamine receptors on the anterior pituitary gland, which results in increased prolactin secretion. 

This complication is most associated with typical antipsychotics, amisulpride and risperidone, 

which can raise prolactin levels 10-fold above pretreatment values in both men and women 

(Seeman, 2009). Given this higher prevalence of secondary hyperprolactinaemia in women 

compared with men, osteoporosis would be expected to be more prevalent among antipsychotic 

using women than among their male peers (Seeman, 2009). However, age related reduction in 

BMD have been found lower in males than in females with SMI (Hummer et al., 2005). Meaney 

et al., found more age-related reductions in BMD in men (57%) receiving prolactin-raising 

antipsychotics than in women (32%), the higher the dose the lower the BMD (Meaney et al., 

2004). Howard et.al., found a significant interaction between prolactin-raising antipsychotics and 

hip fracture for both men and women: OR=2.12 for men and OR=1.93 for women (Howard et 

al., 2007). But, in a cross-sectional Korean study, female patients who had been on haloperidol 

for at least two years, but not male patients showed significantly lower BMD than age and sex 

matched controls. In the 18 female patients with BMD (Jung et al., 2006). It is not yet clear 

which drugs, over what period of time, do what to bone and whether women are more affected 

than men and at what ages (Seeman, 2009). Individuals vary greatly on their sensitivity to 

hyperprolactinaemia and the ensuing symptoms (Wieck & Haddad, 2003), and many may be 

asymptomatic. 

 The literature suggests that SMI is associated with high rates of osteoporosis (Abraham et 

al., 1996; Halbreich et al., 1995a; Halbreich et al., 1995b) but the etiology of this bone loss 

remains unknown. In a study by Stubbs et al. (2009), 89 with SMI were assessed in a tertiary 

referral centre. Of the 89, fifty-eight percent were found to have osteoporosis, 32 percent 

osteopenia and 9.7 percent had normal age matched results (Stubbs, 2009). Hallahan et al (2008) 
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also investigated the effects of SMI on BMD. Thirteen individuals in a long term residential 

ward with SMI were studied. A medical history was obtained with a detailed drug history. BMD 

was determined in the lumbar spine and the left hip using a DEXA scan. Out of the thirteen 

individuals two had osteoporosis and four had osteopenia. They also reported that 53.3% of the 

participants had obesity as measured by BMI, and 86.7% had obesity as measured by abdominal 

circumference (Hallahan et al., 2008). Despite this study, there remains a relative absence of 

literature on this topic, especially when compared to the literature on the other side effects of 

antipsychotic medications (Stubbs, 2009). As stated above researchers have found an association 

between hyperprolactinaemia and bone loss (Hummer et al., 2005; Meaney et al., 2004) which 

has lead to speculation that bone loss is related to the prolactin raising properties of antipsychotic 

medications (Howard et al., 2007). These studies were performed on individuals in long-term 

care facilities, whom are more likely to live sedentary lifestyles.  

2.1.3 Lifestyle 

 People with SMI have unhealthier lifestyles compared to the general population. Poor 

diet, lack of exercise and higher incidence of smoking contribute to the increase of physical 

illness (Samele et al., 2007). People with SMI are at a higher risk for obesity, metabolic 

syndrome, type 2 diabetes and cardiovascular disease due to these lifestyle choices (Kemp et al., 

2009), and lower bone mineral density (Halbriech, 2007). It is unclear if poor physical health 

and/or an unhealthy lifestyle are present at the onset of the diagnosis or whether they develop 

over the course of the psychiatric illness. 

2.2 Bone Physiology 

 Bone is a specialized form of connective tissue that has a complex structure which is 

essential for its biomechanical performance (Downey & Siegal, 2006). There are composite 
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tissues of mineralized and un-mineralized specialized connective tissue, dense vascular beds and 

cells found in bone (Javaid & Holt, 2008). Its cellular makeup includes osteoblasts, osteocytes 

and osteoclasts, its matrix contains an organic and inorganic component (Downey & Siegal, 

2006). Bone exhibits significant mechanical strength at a minimum weight, its biomechanical 

properties allow for significant flexibility without compromising this mechanical strength 

(Downey & Siegal, 2006). Mature bone can be categorized, by structure, into two distinct types: 

1) the stiffer, cortical bone (compact bone); and 2) the trabecular or cancellous bone (Borer, 

2005).  

 Cortical bone is found in the diaphyseal walls of long bones and on the surface of cuboid 

and flat bones. The strength of cortical bone is a result of its geometric organization as a 

Haversian system of osteons, which is a concentric mineralized lamellae surrounding central 

canals that provide access to blood vessels and nerves. The dense arrangement of long bones 

allows cortical bone to have a much higher resistance to torsional and bending forces (Downey 

& Siegal, 2006). It has been shown that cortical bone makes up about eighty percent of the total 

skeletal mass (Borer, 2005; Downey & Siegal, 2006).  

 The other twenty percent of skeletal mass is made up by trabecular bone. Trabecular or 

cancellous bone (sometimes referred to as spongy bone) is located in the interior of cuboid and 

flat bones and in the ends of long bones at the interface between the bone and the marrow  

trabeculae that have a lamellar structure and are shaped as plates and rods (Borer, 2005). The 

general orientation of trabecular struts follows the prevailing bone stress trajectories, as they 

align and thicken in the directions that will best resist the load (Borer, 2005). Trabecular bone 

generally has a higher metabolic rate and appears to respond quicker to changes in mechanical 

loading, observed with prolong immobilization. This may be due in part, to the greater exposure 
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of bone cells within trabecular bone to the adjacent bone marrow cells and vascular supply 

(Downey & Siegal, 2006). Since the proportions of cortical and trabecular bone vary in different 

locations of the same bone, it is important to evaluate experimental results in terms of the 

measurement site (Borer, 2005).  

 Throughout the human lifespan, change in BMD occur through the process of internal 

remodeling that responds to small damages in bone, as well as, to changes in nutritional 

circumstances and mechanical loading (Borer, 2005). Two process are responsible for the 

observed changes of bone matrix mineralization density: 1) bone is continuously resorbed and 

newly formed during the bone remodeling process; and 2) the newly deposited bone packets are 

mineralized (Roschger et al., 2001). These processes are mediated by a complex interaction 

between osteoclasts and osteoblasts (Pigozzi et al., 2009). Osteoclasts are large, multinucleated 

cells that are responsible for bone resorption. Osteoblasts are anabolic; stimulate new bone 

formation by synthesizing the organic matrix of bone and are subsequently involved with its 

mineralization (Downey & Siegal, 2006; Javaid & Holt, 2008). A third cell type found in the 

remodeling process is osteocytes. It has been proposed that they play an integral role in 

transmitting local strain information to enable the bone multi-cellular unit to adjust the bon 

content in response to the local need (Javaid & Holt, 2008). 

 Remodeling (see Figure 2.3 below) begins with osteoclasts binding and breaking down  

the surface of existing lamellae and trabeculae which creates micro pores and cavities in bone 

(Borer, 2005). The new cavities are then filled with osteoblasts, which differentiate into 

osteocytes and secrete a collagen matrix to serve as the lattice for the hydroxyapatite crystals. 

Each remodeling cycle is concluded when osteoblasts reline the surface of the newly formed 

bone (Borer, 2005). This is a strict sequence of events, with newly formed bone mineralizing 
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rapidly in the initial stages but more slowly thereafter. As a result, it is estimated that the entire 

skeleton remodels every 2-4 years (Beyens & Hul, 2007; Jilka, 2003; Parfitt, 2002). During 

childhood and adolescents the rate of bone remodeling is high, with bone formation exceeding 

the resorption leading to an increase in bone mass. At skeletal maturity, which occurs between 

the ages of 25 and 35, the bone mass reaches the peak (Pigozzi et al., 2009). From this age, the 

bone remodeling serves to repair areas of stress-induced micro-damage in the skeleton. After 40 

years of age, ostebolastic activity begins to uncouple from osteoclastic activity with an increase 

in bone resorption (Pigozzi et al., 2009). The slow process of remodeling is part of what makes 

disease of bone loss hard to diagnose, since changes take place over many years and are not 

evident until a fracture has occurred (Kanis et al., 1997).  

 

 

 

2.3 Diseases of Bone 

 The balance between bone resorption and bone formation is maintained by a complex 

network of hormones, growth factors and cytokines, any disruption of this balance can lead to 

serious medical problems (Beyens & Hul, 2007). Bone resorption has been shown to exceed 

deposition in the case of prolonged immobilization (Downey & Siegal, 2006). Many 

Figure 2.1 Organization of Bone Remodeling (Seeman & Delmas, 2006) 
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organizations have defined two states of bone disease that can result from an imbalance of the 

bone mass and is often referred to as the “silent disease,” due to its manifestation and 

asymptomatic qualities. It is a condition that leads to significant morbidity, mortality and 

economic burden through associated fragility fractures (Glaser & Kaplan, 1997).  

2.3.1 Risk Factors for Disease of Bone 

 There are several factors that are thought to affect bone mass. These can be grouped into 

two categories: non-modifiable and modifiable (Table 2.3). While nutrition and lifestyle may 

have a smaller influence than genetics on BMD, these factors are modulators for the achievement 

of maximum peak bone mass as well as the rate of bone loss (Cashman, 2002) and account for 

30-40% of the variation in BMD (Vondracek et al., 2009). Heritability studies have shown that 

60-70% of the variation in BMD within a population has a genetic origin (DeLaet et al., 1997). 

TABLE 2.3 
 

RISK FACTORS FOR BONE DISEASE 
 

Non-Modifiable Modifiable 

  Genetic Nutrition 
Medical Conditions Lifestyle 
 

 Genetic risk factors cannot be modified and include ancestry, family history, age, gender 

and a petite body frame. Studies have identified having an Asian or Caucasian race increases an 

individual‟s risk of having lower BMD when compared to the African-American race (Tudor-

Locek & McColl, 2000). A family history of low BMD or a diagnosis of osteoporosis, especially 

in an individual‟s mother (Tudor-Locek & McColl, 2000), will increase an individual‟s risk for 

developing osteoporosis. Age is also a factor in both males and females. BMD increase until 

around the age of 25-35 (Pigozzi et al., 2009), depending on the individual. Once menopause 
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related bone loss is concluded bone loss rate is approximately 1 percent per year in men and 

women (Riggs & Melton, 1992). Low BMD or osteoporosis can affect both sexes, but being of 

female gender and a postmenopausal woman has been shown to increase the likelihood. This is 

due to the decrease in the female sex hormone and occurs following menopause (Downey & 

Siegal, 2006). Premenopausal women with low BMD fall into two categories: those with 

identifiable secondary cases of low BMD, and those with unidentified but suspected low peak 

bone mass without any loss (Peris et al., 2002).  

 Nutritional risk factors include a lifelong diet of low calcium intake, being lactose 

intolerant, having vitamin D deficiency (Sanders et al., 2009), reduced absorption 

(malabsorption) (Javaid & Holt, 2008), alcoholism and recently, coffee and soda pop 

consumption (Demirbag et al., 2006; Tucker, 2009). The overconsumption of some nutrients can 

have adverse effects on BMD. Studies have shown that an increased sodium intake induces an 

increase in urinary calcium excretion, impacting calcium balance and subsequently BMD 

(Nieves, 2005). Research supporting a relationship between excessive weight loss and low body 

weight, excessive exercise (leading to amenorrhea in women) (Borer, 2005), living a sedentary 

lifestyle (Downey & Siegal, 2006), excessive smoking (Akhter et al., 2005; Demirbag et al., 

2006) on osteoporosis.  

 Many medical conditions and the medications used to treat them can cause osteoporosis. 

A few of these conditions include anorexia nervosa, Cushing‟s syndrome, Hemolytic anemia, 

hyperparathyroidism, osteogenisis imperfect and longer-term use of glucocorticoid medications 

(Poole & Compston, 2006). Recent research has shown a link between SMI and the development 

of hyperprolactinaemia (Meaney et al., 2004) and the subsequent development of osteoporosis 

(Howard et al., 2007; Meaney & O'Keane, 2007; Stubbs, 2009). Antipsychotic medications 
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especially first-generation risperidone and amisulpride, have the potential to increase prolactin 

levels and cause hyperprolactinaemia (Stubbs, 2009). 

2.3.2 Diagnosis 

 Severe methods exist for measuring BMD. These methods vary in a number of ways, the 

extent to which they can isolate densitometic properties, detect changes in bone, the amount of 

radiation they deliver and the instrument resolution. Diagnosing the diseases of bone is currently 

based on bone mineral density measurements using dual-energy X-ray absorptiometry (DEXA) 

(Kull et al., 2009). This has been accepted as a clinical standard because of its consistent 

accuracy (1-2%), use of low radiation,  relatively quick scan time and measurements are able to 

be reproduced (Mazess et al., 1990; Svendsen et al., 1993).  

 The World Health Organization (WHO) defines osteopenia as an individual having a 

bone mass of at least one standard deviation below the mean for a young, healthy population of 

the same sex. They define osteoporosis as an individual having a bone mass of at least 2.5 

standard deviations below the mean bone mass for an age-matched population of the same sex 

(Genant et al., 1999; Kanis et al., 1997). Osteoporosis can be further categorized as primary or 

secondary. The most common primary forms of bone loss are post-menopausal osteoporosis and 

age-related osteoporosis (Glaser & Kaplan, 1997). Secondary osteoporosis is a result of 

medications (e.g., glucocorticoids and antipsychotic) or diseases (e.g. malabsorption) that 

adversely affect skeletal health (Bonnick et al., 2010; Hummer et al., 2005). This definition of 

osteoporosis only takes into account the deterioration in bone mineralization and does not 

consider any of the micro-architectural changes that may weaken bone independently of any 

effect on BMD (Holroyd et al., 2008). There has recently been a move towards assessing an 
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individual‟s five or ten year absolute risk of osteoporosis fracture (Kanis et al., 2001) to 

determine bone health.. 

2.4 Exercise and SMI 

 Physical activity levels in adults with severe mental illness are not well studied but 

available evidence suggests that this group is less active than the general population (Daumit et 

al., 2005). Within the last five years a seven studies have concluded that exercising provides 

mental and physical health benefits for those experiencing problems with SMI (Fogarty & 

Happell, 2005; Hoffmann et al., 2005; McDevitt et al., 2005; Pelletier et al., 2005; Poulin et al., 

2007; Skrinar et al., 2005; Tetlie et al., 2008). Due to the sedentary lifestyle of this population 

exercise prescription in terms of frequency, intensity and duration of activity is not likely to 

critical in the beginning of a program. In the beginning initiation and participation are barriers to 

overcome (Carless, 2007). For people with SMI the combination of physical factors (obesity, 

inactivity, and poor physical health) and psychosocial factors (low levels of motivation and 

social withdrawal) tend to exacerbate the difficulties of exercise initiation (Carless, 2007). Once 

these individuals begin an exercise program they are more likely to adhere then that of the 

regular population. McDevitt and colleagues created a 12 week moderate intensity walking 

program, where individuals met three times a week. Of the 15 participants 87% stayed in the 

program, with 76% attending the walking sessions. This is a higher adherence rate than for the 

general population (Dishman & Buckworth, 1996; McDevitt et al., 2005). 

 For those living with SMI, exercise is a new and unfamiliar treatment option. Exercising 

may bridge the gap between using antipsychotic medications and taking initiative in treatment, 

producing life changing effects on the functioning level of people with SMI (Perham & 

Accordino, 2007). Several ways in which participation in various forms of physical activity 
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might contribute to mental health have been suggested (Carless, 2007). Those include group 

based physical activity to offer positive social experiences; positive sport and exercise 

experience to build self-esteem; exercise to improve mood among people with MDD; and 

exercise has the potential to give a sense of purpose (Carless, 2007). More importantly exercise 

can promote physical health. The lack of physical activity programs tailored to this population 

may be one reason for the low activity rates.   

2.5 Bone Loss Prevention 

 Development of maximal bone mass during growth and reduction of loss of bone later in 

life are the two main strategies of preventing osteoporosis (Weaver, 2000). This concept is 

known as the peak bone mass theory. Peak bone mass is thought to be attained by the end of the 

third decade, the early adult years may be the final opportunity for its augmentation (Kohrt et al., 

2004). A cross-sectional study of male and female athletes representing a variety of sports 

suggest that athletes have higher, site-specific BMD values when compared with non-athletes 

(Vuori, 2001) 

 For dietary prevention the National Osteoporosis Foundation recommends that 

individuals consume adequate amounts of calcium and vitamin D, from supplements if 

necessary; avoid smoking tobacco and excessive alcohol intake; and engage regularly in weight 

bearing exercises (Fox et al., 1998). This section will focus on the factors that can be used for the 

prevention of bone loss, nutrition and exercise.  

2.5.1 Nutrition 

 Adequate nutrition plays an important role in bone mass development and maintenance 

(Pinheiro et al., 2009). Calcium and vitamin D have been the primary focus of bone mass 

development and maintenance to ward off osteoporosis. Recent studies have shown the 
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importance of several other nutrients that affect bone health. These include minerals (magnesium 

and potassium), vitamins (vitamin K, B, and C) and protein (Cashman, 2002). 

 Approximately 70% of bone weight is accounted for by calcium phosphate crystals 

(Branca & Vatuena, 2001), so it is assumed that calcium is the most important nutrient in bone 

growth. Calcium needs vary throughout an individual‟s lifetime, with greater needs during 

childhood, adolescence and in later life. Studies have shown that calcium intake is a major 

determinant for peak bone mass acquired during adolescence to young adulthood. Having a 

calcium deficiency can lead to a reduction in bone mass by increasing bone resorption to 

preserve the level of ionized calcium in the extracellular fluid (Sanders et al., 2009). The major 

dietary sources of calcium can primarily be found in dairy products. Other foods rich in calcium 

include flour, cereals, fish and vegetables such as spinach and broccoli (Francis, 2007).  

 Vitamin D is not a vitamin but a hormone produced by the body through the interaction 

of sunlight on the skin (Francis, 2007). Endogenous vitamin D is converted from cholesterol 

derivates in the skin by ultraviolet rays (Maylan et al., 2005). Vitamin D binds to a specific 

nuclear hormone receptor, increasing calcium and increase mineralization of calcium phosphate 

in the bone itself (Heaney, 2009). There is an age related decline in the synthesis of vitamin D 

through the skin, making older individuals more dependent on dietary intake (Anderson et al., 

2003; Lips et al., 2001). Once cutaneous production is limited, the major dietary sources of 

vitamin D are fortified margarine and other fat spreads, cereals, oily fish, meat, eggs and dairy 

products  (Bonnick et al., 2010; Francis, 2007).  

2.5.2 Exercise 

 Based on biomechanical principles, bone responds to forces in nature, including gravity, 

ground reaction and muscle contraction (Downey & Siegal, 2006). Bone mass and bone 
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architecture is maintained by mechanical stresses resulting from musculoskeletal loads. This 

concept is widely accepted as Wolff‟s Law (Wolff, 1892) which has been studied since 1892 

(Downey & Siegal, 2006). Wolff‟s law states that bone adapts during its growth to the functional 

forces acting upon it (Downey & Siegal, 2006; Wolff, 1892). The gravitational forces or muscle 

pull produces strains within the skeleton which are perceived by bone cells as osteogenic. If a 

strain is detected as greater than the optimum strain, then bone formation will occur (Wolff et al., 

1999). The osteogenic effects of exercise training seems to be site-specific to the anatomic sites 

at which the mechanical strains occur (Haapasalo et al., 1994); then it is essential to measure the 

bone mass at the site of loading (Wolff et al., 1999).  

 Physical activity appears to play an important role in maximizing bone mass in the early 

adult years, maintaining bone mass through the fifth decade, attenuating bone loss with aging 

and reducing falls and fracture in the elderly (Kohrt et al., 2004). The benefits of physical 

activity on bone health have typically been judged by measuring associations of physical activity 

levels with bone mass and in fewer studies, incidence of fractures or by evaluating changes in 

bone mass that occur in response to a change in physical activity level or to a specific exercise 

training program (Kohrt et al., 2004). In evaluating the osteogenic effects of training programs 

the following principles should be noted: specificity, overload and reversibility. Specificity states 

that only the skeletal sites expose to the change in the daily loading forces will undergo 

adaptation (Kohrt et al., 2004). Overload is an adaptive response that occurs only when the 

loading stimulus exceeds usual loading conditions; continued adaption requires a progressively 

increasing overload (Kohrt et al., 2004). Reversibility is understood as the benefits of exercise on 

bone may not persist if the exercise is markedly reduced. However, the rate at which bone is lost 
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when an exercise program is discontinued and whether this is different in younger or older 

individuals, is not well understood (Kohrt et al., 2004). 

2.5.2.1 Weight Bearing Exercise 

 Strength training programs with large diversity in exercise instead of endurance training 

programs such as running should result in the greatest skeletal density (Wolff et al., 1999). An 

endurance training program involving aerobic exercises might also impose the necessary strains 

to cause change in bone (Wolff et al., 1999). BMD values tend to be highest in athletes who 

participate in sports that involve high-intensity loading forces, such as gymnastics, weight lifting 

and body-building. BMD tends to be lowest in athletes who participate in non-weight bearing 

sports such as swimming (Kohrt et al., 2004). For all populations, weight bearing physical 

activity has beneficial effects on bone health. 

 Resistance training is perhaps the most basic weight bearing exercise. Individuals simply 

contract specific muscle groups to either resist or move a load. It can be performed using endless 

combinations of sets and repetitions for exercises stressing different muscle groups. To 

maximize the benefits of resistance training, it is suggest that individuals complete shorter, more 

frequent, sessions of moderate to high mechanical load (Pigozzi et al., 2009). Research has 

shown that receptors become desensitized to bone stress over time and without a sufficient 

recovery period the body ceases to respond to the stimulus (Robling et al., 2001). For full 

efficacy, resistance training must also be performed following specific protocols.  

 Walking is another simple weight bearing activity that has shown benefits to bone health. 

The effects of low impact activity on bone are less clear and difficult to explain then that of high 

impact activities, even though they are more realistic for many individuals. Some researchers 

have reported a positive influence of low impact physical activity on bone or decrease fracture 
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risk (Feskanich et al., 2002), but other studies showed no benefit. Ilich et.al performed a study on 

97 women over a three-year period, to determine the relationship between physical activity and 

bone. After three years, they found a positive association with fast paced walking and BMD in 

several sites. Additionally, fast paced walking showed a negative association with BMI and fat 

mass (Ilich & Brownbill, 2008).  

 Research has shown that body weight and its components are positively associated with 

BMD (Ilich & Brownbill, 2008). Those who are overweight usually have higher BMD but there 

is still a disagreement as to what aspect of body weight (amount of lean or fat tissue) is more 

beneficial to bone in older adults (Ilich & Brownbill, 2008). However, recently research has 

shown that there is an adverse affect on BMD when an individual is overweight (Gilsanz et al., 

2009). 

 Research studies using individuals with SMI in long term care facilities or those 

hospitalized have shown adverse effects on BMD (Hallahan et al., 2008; Stubbs et al., 2009). 

These studies focused on older adults and those that live sedentary lifestyles. A group of 

individuals with SMI who live within the community and BMD will be discussed in the 

following chapters.  
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CHAPTER THREE 

 

METHODS 

 

 
3.1 Participants 

 Protocols for this study were reviewed by the Wichita State University Institutional 

Review Board; the participant may have withdrawn their consent to participate without prejudice 

towards them. Such withdrawal can be for any reason the individual chooses.  

 Participants for the study were 30 individuals (aged 21-66) with a previous and existing 

diagnosis of severe mental illness. Participants were recruited from Breakthrough (Wichita, KS), 

on a voluntary basis, encouraging different ethnicity with conditions including bipolar disorder, 

schizophrenia, schizoaffective and major depressive disorder. Breakthrough is a non-profit 

organization that provides services to 500 individuals who have a mental illness. The 

organization is composed of a Clubhouse model program, which includes supported 

employment, case management and youth services. Breakthrough is dedicated to providing a safe 

place where individuals who have mental illnesses, receive support to become independent, 

productive citizens of the community. This is accomplished through structure and support, 

members and staff work together as co-workers in all rehabilitation activities. Goals are 

accomplished through advocacy programs in the areas of education, job training, employment, 

housing, transportation, wellness and development of social and life skills.   

 At the time of the study, all participants‟ conditions were considered stable (no change in 

medication regime for three weeks prior to enrollment). This status was monitored by an in-

house case manager at Breakthrough. Additionally, participants were excluded if taking 

medications or had a previous diagnosis of an osteoporotic condition. Participants were informed 

of benefits and risks of participation and signed an informed consent, prior to participation in the 



34 
 

study (See Appendix C). A subject questionnaire (See Appendix C) was distributed to all 

participants prior to assessment.  

 The control group consisted of age matched apparently healthy individuals, without a 

history of SMI and was obtained from the DEXA database at Wichita State University. The 

author was blinded to the names and the individuals were chosen at random, without knowledge 

of results.  

3.2 Instruments 

 All measurements for this study were obtained at the Human Performance Laboratory 

located on the campus of Wichita State University (Wichita, KS).  

 Anthropometric measurements were conducted on each participant prior to assessment. 

These measurements include height, weight and age. Height was measured using a basic 

stadiometer. When measuring height, participants wore no shoes, placed heels together and after 

a deep inhalation, the measurement was taken. Weight was measured using a standard scale. All 

participants wore minimal clothing, to the comfort of the individual. Age was answered via a 

subject questionnaire. Medical history was acquired using the subject questionnaire (Appendix 

C). 

 Bone mineral density and body composition were acquired using a dual energy x-ray 

absorptiometry (DEXA) (Hologic QDR 4500W Elite, Waltham, Massachusetts). The DEXA 

allows for separation of body mass into bone mass, fat mass (FM), and fat-free mass (FFM) and 

an estimation of regional body composition (Tylavsky et al., 2002). Reliability and accuracy 

were guaranteed by daily scans using the spine phantom provided by Hologic, Inc. All scans 

were analyzed by the same technician to account for accuracy of the analysis. BMD was assessed 
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in the non-dominant femoral neck and forearm. Body fat percentage was assessed using the 

whole body scan, following protocol established by the manufacturer (Hologic, Inc).  

3.3 Assessment of BMD 

 The results of the study were kept absolutely confidential. Results were combined with 

other participants, so it would not be possible to identify personal data with any of the results. 

Electronic data was stored on a password protected desktop computer and any hard copies of 

data were stored in a locked filing cabinet. All standards of security, set forth by HIPPA 

regulations, were maintained.  

 Bone mineral density and body fat percentage were quantified by an experienced 

technician using the manufactures software (version 12.3). BMD in the forearm and femoral 

neck were quantified in t-scores using the guidelines by the World Health Organization (WHO). 

The WHO defines the diagnostic criteria in t-scores to express BMD in standard deviations 

relative to the normal young adult population (-1.0< t-score). An individual is categorized as 

having good bone health if they have a BMD value greater than 1.0 standard deviation above the 

mean for a young, healthy population. Two categories have been developed for the diseased 

population:  1) osteopenia, defined by a BMD value between 1.0 and 2.5 standard deviations 

below the mean for a young, healthy population (-1.0> t score>-2.5) and, 2) osteoporosis, 

defined by a BMD value 2.5 standard deviations below the mean for a young, healthy population 

(t score<-2.5) (Genant et al., 1999; Kanis et al., 1997). 

3.4 Statistical Analysis 

 Data analyses were conducted using the statistical software program PASW (SPSS Inc., 

Version 18, Chicago, Illinois). Means and standard deviations were calculated for all groups, and 

individual data. Independent t-tests were used to determine group baseline differences of age, 
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height, weight, body mass index (BMI), BMD, and body fat percentage. One-way analysis of 

variance (ANOVA) and the Independent Samples T-test were used to compare the differences in 

BMD and BF% between the experimental and control groups, and the differences within the 

experimental group. Significance level for t-tests was set at P< 0.05. All data are presented as the 

mean + SD. 
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CHAPTER FOUR 

 

RESULTS 

 

 

4.1 Subjects 

 Thirty participants were originally recruited to participate in the study. Two participants 

were excluded, one due to their lower than average body fat percentage, the other due to their 

history of osteoporosis. Twenty-eight individuals with SMI (n=28) were assigned to the 

experimental group and sixteen apparently healthy individuals were assigned to the control group 

(n=16). The experimental group ranged from 21-66 years of age (mean=43.25+/- 13.51 yrs) with 

a diagnosis of SMI, all were considered stable with no change in medication regimen for three 

weeks. When looking at diagnosis they were grouped by bipolar disorder, schizophrenia, 

schizoaffective, MDD/depression and other. The control group age ranged from 23-62 years 

(mean=43.81 +/- 13.76 yrs). Basic Anthropometric data for both groups are presented in table 

4.1. All anthropometric data was analyzed using a one-way ANOVA and no difference was 

found in age, height, weight or BMI between the experimental and control groups. 

TABLE 4.1 
 

BASIC ANTHROPOMETRIC DATA FOR EXP AND CON GROUPS 
 

Group EX (n=28) CON (n=16) Significance 

Age (years) 43.25 + 13.51 43.81 + 13.76 0.896 
Height (m) 1.71 + 0.11 1.70 + 0.13 0.755 
Weight (kg) 92.78 + 19.78 75.97 + 18.52 0.007 
BMI (weight/[height]²) 31.73 + 6.24 26.38 + 7.13 0.013 
Values shown as mean + SD 
 
4.2 Bone Mineral Density 

 The forearm and femoral neck BMD of the experimental group and control group were 

compared using a one-way ANOVA data can be found in table 4.2. No significant difference was 
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found for the forearm BMD (F(1,42) = .346, p>.05) or for the femoral neck BMD (F(1,42) = 

2.142, p>.05). Within the experimental group a one-way ANOVA was use to compare BMD of 

the forearm and femoral neck between genders (table 4.2), age (table 4.3) and diagnosis (table 

4.4). A significant difference was found in the forearm scores (F(1,26) = 21.816, p<.05) between 

the genders. The mean of the females was significantly lower (mean=.556, SD=.060) than the 

mean of the males (mean=.668, SD=.0656). No difference was found in the femoral neck scores 

(F(1,26) = 3.901, p>.05). No difference was found in forearm BMD between age groups 

(F(4,23) = 1.283, p>.05) or in femoral neck (F(4,23) = 1.967, p>.05). No significant difference 

was found between diagnosis groups and forearm BMD (F(4,23) = 1.472, p>,05)  and femoral 

neck BMD (F(4,23) = 1.550, p>.05).  

TABLE 4.2 
 

BONE MINERAL DENSITY BETWEEN EXP AND CON GROUPS 
 

  Group N Mean Std Dev Significance 
Forearm BMD 

     
 

EXP 28 0.616 0.084 
 

 
CON 16 0.631 0.075 

 
 

TOTAL 44 0.621 0.080 
 

     
0.559 

Femoral Neck BMD 
     

 
EXP 28 0.871 0.111 

 
 

CON 16 0.818 0.123 
 

 
TOTAL 44 0.851 0.117 

     
   

0.151 
BMD values reported in g/cm² 
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TABLE 4.3 
 

BONE MINERAL DENSITY VALUES BETWEEN MALES AND FEMALES 
 

  Group N Mean Std Dev Significance 
Forearm BMD 

     
 

Males 15 0.668 0.066 
 

 
Females 13 0.556* 0.060 

 
 

TOTAL 28 0.616 0.084 
 

     
0.000 

Femoral Neck BMD 
    

 
Males 15 0.834 0.105 

 
 

Females 13 0.913 0.105 
 

 
TOTAL 28 0.871 0.111 

           0.059 
*Significantly different (p<0.05) from males. BMD values reported in g/cm² 

 

TABLE 4.4 
 

BONE MINERAL DENSITY DATA BETWEEN AGE GROUPS 
 

  Group N Mean Std Dev Significance 
Forearm BMD 

     
 

20-29 6 0.606 0.090 
 

 
30-39 8 0.638 0.067 

 
 

40-49 3 0.553 0.080 
 

 
50-59 9 0.642 0.094 

 
 

60-69 2 0.537 0.024 
 

 
TOTAL 28 0.616 0.084 

 
     

0.306 
Femoral Neck BMD 

    
 

20-29 6 0.105 0.142 
 

 
30-39 8 0.110 0.085 

 
 

40-49 3 0.076 0.191 
 

 
50-59 9 0.071 0.109 

 
 

60-69 2 0.233 0.048 
 

 
TOTAL 28 0.111 0.021 

           0.133 
BMD values reported in g/cm² 
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TABLE 4.5 
 

BONE MINERAL DENSITY DATA BETWEEN DIAGNOSIS 
 

  Group N Mean Std Dev Significance 
Forearm BMD 

     
 

Bipolar Disorder 13 0.602 0.018 
 

 
Schizophrenia 4 0.649 0.400 

 
 

Schizoaffective 4 0.629 0.489 
 

 
MDD/Depression 2 0.721 0.015 

 
 

Other 5 0.573 0.046 
 

 
TOTAL 28 0.616 0.016 

 
     

0.243 
Femoral Neck BMD 

    
 

Bipolar Disorder 13 0.887 0.119 
 

 
Schizophrenia 4 0.817 0.076 

 
 

Schizoaffective 4 0.791 0.102 
 

 
MDD/Depression 2 0.846 0.019 

 
 

Other 5 0.946 0.102 
 

 
TOTAL 28 0.871 0.111 

           0.221 
BMD values reported in g/cm² 
 

4.3 Body Fat Percentage  

 BF% of the experimental and control groups were compared using the one-way ANOVA. 

This analysis found a significant difference between the two groups (F(1,42) = 10.113, p<.05). 

The data can be found in table 4.6. Within the experimental group a one-way ANOVA test was 

used to analyze the significance between age (table 4.7), gender (table 4.8) and diagnosis (table 

4.9). No significant difference was found in BF% between genders (F(1,26) = 2.051, p>.05). 

Males had a mean score of 37.84 (SD=8.852) and females had a mean score of 32.85 

(SD=9.594). The one-way ANOVA revealed no difference between the age groups (F(4,23) = 

1.343, p>.05). No difference was found between diagnosis and BF% (F(2,23) = 1.268, p>.05).   
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TABLE 4.6 
 

BODY FAT PERCENTAGE DATA 
 

Group N Mean Std. Dev. Significance 
EXP 28 35.53* 9.38 

 CON 16 26.38 8.80 
 TOTAL 44 32.2 10.1 
         0.003 

*Significantly different (p<0.05) from CON. Values shown as percent (%) 
 
 

TABLE 4.7 
 

BODY FAT PERCENTAGE BETWEEN AGE GROUPS 
 

Group N Mean Std. Dev. Significance 
20-29 6 32.62 12.179 

 30-39 8 41.33 6.101 
 40-49 3 31.07 6.458 
 50-59 9 33.998 8.985 
 60-69 2 26.65 13.93 
 TOTAL 28 35.52 9.379 
         0.284 

Values shown as percent (%) 
 
 

TABLE 4.8 
 

BODY FAT PERCENTAGE DATA BETWEEN GENDER 
 

Group N Mean Std. Dev. Significance 
Males 15 37.84 8.85 

 Females 13 32.85 9.95 
 TOTAL 28 35.52 9.38 
         0.164 

Values shown as percent (%) 
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TABLE 4.9 
 

BODY FAT PERCENTAGE BY DIAGNOSIS 
 

Group N Mean Std. Dev. Significance 
Bipolar Disorder 13 37.04 9.994 

 Schizophrenia 4 39.38 11.285 
 Schizoaffective 4 34.23 5.967 
 MDD/Depression 2 39.8 4.808 
 Other 5 27.82 7.673 
 TOTAL 28 35.52 9.379 
         0.311 

Values shown as percent (%) 
 
4.4 Medications 

 Four medications (Abilify, Resperdol, Zyprexa, Seroquel) that are known to have 

potential side effects were noted and a one-way ANOVA was ran to determine if they had an 

effect on BMD and BF%. Of the 28 individuals with SMI, 13 were not taking any of the four 

medications, 14 were taking Abilify, Resperdol, Zyprexa, or Seroquel and one individual was 

taking Resperdol and Zyprexa. The one-way ANOVA there is no significant difference between 

the medications taken and forearm BMD (F(5,22) = .468, p>.05). The one-way ANOVA also 

revealed no significance between medications and femoral neck BMD (F(5,22) = .673, p>.05). 

Means and standard deviations can be found in table 4.10. The analysis also found there to be no 

significance between the medications taken and BF% (F(5,22) = .758, p>.05). The data can be 

found in table 4.11, including means and standard deviations.  
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TABLE 4.10 
 

BONE MINERAL DENSITY DATA AND MEDICATIONS 
 

  Group N Mean Std. Dev. Significance 
Forearm BMD No Medication 13 0.600 0.083 

 
 

Abilify 4 0.642 0.019 
 

 
Resperdol 3 0.655 0.122 

 
 

Zyprexa 4 0.583 0.120 
 

 
Seroquel 3 0.641 0.089 

 
 

Resperdol & Zyprexa 1 0.652 - 
 

 
TOTAL 28 0.616 0.084 

 
     

0.796 
Femoral Neck 

     
 

No Medication 13 0.865 0.120 
 

 
Abilify 4 0.840 0.088 

 
 

Resperdol 3 0.869 0.118 
 

 
Zyprexa 4 0.908 0.147 

 
 

Seroquel 3 0.907 0.116 
 

 
Resperdol & Zyprexa 1 0.815 - 

 
 

TOTAL 28 0.871 0.111 
           0.942 

BMD values shown as g/cm² 
 
 

TABLE 4.11 
 

BODY FAT PERCENTAGE AND MEDICATIONS 
 

Group N Mean Std. Dev. Significance 
No Medication 13 36.31 8.486 

 Abilify 4 36.78 8.513 
 Resperdol 3 34.67 10.373 
 Zyprexa 4 36.33 12.105 
 Seroquel 3 36.27 12.035 
 Resperdol & Zyprexa 1 17.40 - 
 TOTAL 28 35.52 9.379 
         0.589 

Values shown as percent (%) 
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CHAPTER FIVE 

 

DISCUSSION 

 

 

 It is acknowledged that research into SMI and bone health is rare. There are only four 

previous studies that have investigated the effects of SMI on BMD (Halbreich et al., 1995b; 

Hallahan et al., 2008; Hummer et al., 2005; Stubbs et al., 2009). With four others that have 

looked at antipsychotic medications effects on BMD (Bergemann et al., 2008; Howard et al., 

2007; Meaney et al., 2004; O'Keane & Meaney, 2005). Additionally, two studies within the last 

year investigated weight gain while using antipsychotic medications (Parsons et al., 2009; Varley 

& McCellan, 2009). There are numerous studies on physical activity (exercise) and SMI, with 

six studies within the last five years (Fogarty & Happell, 2005; Hoffmann et al., 2005; McDevitt 

et al., 2005; Pelletier et al., 2005; Skrinar et al., 2005), with others discussing wellness programs. 

The topics of this discussion are four-fold:  discuss SMI and BMD, address antipsychotic 

medications effects on BMD, discuss weight gain using antipsychotic medications and examine 

exercise and exercise protocols for individuals with SMI. 

5.1 SMI and BMD 

 The four studies (Halbreich et al., 1995b; Hallahan et al., 2008; Hummer et al., 2005; 

Stubbs et al., 2009) that have researched the topic of BMD and SMI, focus on individuals in 

institutionalized care or those in longer term care facilities (Hallahan et al., 2008; Stubbs et al., 

2009). With one study looking at both inpatients and outpatients at a facility (Hummer et al., 

2005). Each of the four studies reported seeing lower BMD in individuals with SMI with the 

study by Halbreich et al, stating that a significant decrease in BMD existed in both males and 

females (Halbreich et al., 1995b). The current study used a population that was within the 

community and showed no significant difference in forearm and femoral neck BMD in 
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individuals with SMI when compared to an apparently healthy age matched population. Data 

comparing studies can be found in table 5.1. 

TABLE 5.1 
 

BMD COMPARISON WITH CURRENT LITERATURE 
 

Study  #of Participants Age Diagnosis Results 
Current 28 21-66 BP;SP;SA;MD;O NS diff b/w CON and EXP           

Sign diff b/w M & F forearm 

Hummer et al. 75 19-50 SP BMD:  lower in Lumbar region 
in M       

Halbreich et al. 68 (35 M; 33 F) 20-66 MD;SP;SA F and M Sign decrease BMD 

Stubbs et al. 72 (57 M; 15 F) 65+ Dementia;SP 58% (42) osteoporosis,                                        
32% (23) osteopenia.                                          
Over 65: 70% had osteoporosis 

Hallahan et al. 15  Dementia;SP 2-osteoporosis                                                           
4-osteopenia                                                  

M: males; F: females; BP: bipolar disorder; SP: schizophrenia; SA: schizoaffective; MD: major 
depressive disorder; O: other; NS: not significant; CON: control group; EXP: experiment group; 
BMD: bone mineral density 
 
 One can assume that being in an inpatient facility causes an individual to live a sedentary 

lifestyle, more so then the community based individuals with SMI. In a recent study conducted 

by Stubbs et al., they investigated BMD in elderly adults with SMI, looking at factors that 

included immobility. Many of the individuals in the study were hospitalized for an extended 

length of time and results indicated that was associated with osteoporosis (Stubbs et al., 2009). 

The investigators also found many of the subjects to have age related osteoporosis (Stubbs et al., 

2009). The study by Hummer et al, excluded those that were wheelchair bound and bedridden 

(Hummer et al., 2005). This study is most closely associated with the current study because they 

did investigate outpatients. With only four studies on BMD and SMI and all looking at 

inpatients, it is safe to say that here is a lack of research on community-based individuals with 
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SMI. It is assumed by the author that the current study is the only study to investigate BMD in 

community based individuals with SMI. Due to the lack of studies it is unlikely the findings of 

the current study can be generalized. 

 Even though the findings of the current study are not significant when comparing BMD, 

there is still a need for BMD to be monitored. The side effects of antipsychotic medications are 

known and studies have confirmed them. The risk for low BMD is not found on the list of side 

effects for antipsychotic medications, but they are known to raise prolactin levels. High levels of 

prolactin has been proven to cause hyperprolactinaemia (Stubbs, 2009) and subsequently 

osteoporosis in both men and women (Halbreich et al., 1995b). Hyperprolactinaemia occurs with 

conventional and a few atypical antipsychotics (risperiodone and amisulpride) but is rare with 

other atypical antipsychotics (apriprazole), clozapine, Olanzapine, quetiapine, ziprasiodone) 

(Haddad & Wieck, 2004). In recent years there have been numerous studies on the effects of 

antipsychotic medications on BMD (Bergemann et al., 2008; Howard et al., 2007; Meaney et al., 

2004; O'Keane & Meaney, 2005) the results can be found in table 5.2. There is a known 

correlation with the dose and the development of hyperprolactinaemia. To prevent 

hyperprolactinaemia and subsequently osteoporosis from developing because of high prolactin 

levels, individuals should have their levels measured on a regular basis. 

 Calcium and vitamin D levels were not investigated in the current study. Previous studies 

have found individuals to have vitamin D deficiency or insufficiency (Hallahan et al., 2008; 

Hummer et al., 2005), it is recommended that individuals on antipsychotic medications have this 

measured on a regular basis. If found to be vitamin D deficient then therapy is recommended 

(Hummer et al., 2005). If inadequate calcium intake within an individual‟s diet, they should take 

supplements as requested by a physician.  
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 The current study found that individuals with SMI had higher BF% then the age matched 

control group. Studies suggest that the extra weight can lead to higher BMD, walking around can 

be a weight bearing exercise on the skeleton. The extra weight may be a factor that allows the 

individuals‟ BMD to stay within the normal range. Many of the individuals tested do not 

participate in exercise on a regular basis, but their lives require some activity. Many of the 

individuals walk as their way of transportation. The activity they do in their daily lives may 

reduce the risk of low BMD.  

TABLE 5.2 
 

CURRENT LITERATURE ON ANTIPSYCHOTIC MEDICATIONS AND BMD 
 

Study  # of Participants Control Age  Diagnosis Results 
Bergemann et al 72 females 72 PRM SP Increased BT;BF 
Howard et al 16341 29889  SP Sig Gender and hip fracture 
Meaney et al 38 females 0  SP Newer meds higher 

prolactin; higher BT, BF 
with prolactin raising meds 

O'Keane et al  55 0 PRM SP Higher doses of meds-
increased rates of BMD loss 
and HP 

PRM: pre-menopausal; SP: schizophrenia; BT: bone turnover; BF: bone formation; Sig: 
Significance; HP: hyperprolactinaemia 
 
5.2 Weight Gain and Antipsychotic Medications 

 For individuals with SMI, weight gain contributes to physical illnesses that affect every 

aspect of their lives. Numerous studies having researched the effects of antipsychotics on weight 

gain (Allison & Casey, 2001; Allison et al., 1999; Parsons et al., 2009; Thakore, 2004; Varley & 

McCellan, 2009) and proven them to be a main contributor to weight gain. Being overweight can 

increase the risk for diabetes, hypertension, obesity and cardiovascular disease. Due to these 

conditions, an individual has an increased risk of physical death at a younger age (Barraclough & 
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Harris, 1998) with many individuals with SMI having an average life expectancy 25 years less 

than the average healthy adult population (Parks et al., 2006). 

 The current study investigated four medications (Abilify, Resperdol, Zyprexa, and 

Seroquel) and their effect on weight gain as did a recent study on children and adolescents 

(Varley & McCellan, 2009). No difference was found between the four medications and weight 

gain in the current study. Only 53% of the individuals in the experimental group were taking one 

or more of the four medications. The study by Varley et al., investigated children and 

adolescents, the current study looked at those 20 years of age and over. It is assumed that with 

this experimental group, other medications may have produced different results. The medications 

that were investigated may affect those at a younger age differently than the population of the 

current study. It was discovered that having SMI is associated with higher BF% when compared 

to an age matched control. The exact cause of this is unknown but a number of factors may have 

contributed, including lifestyle factors (sedentary lifestyle, diet) and/or medications. Regardless 

of the reasoning behind the weight gain, there is a need for exercise recommendations for the 

SMI population.   

5.3 Exercise 

 A search on April 4, 2010, through the Medline database for exercise and mental illness 

resulted in 84 publications. Of the 84 found publications, 23 had information regarding exercise 

and SMI, with 6 having done exercise studies. The majority of the articles are wellness programs 

with emphasis on weight management or how to make exercise programs so that this population 

will adhere to them (Pelletier et al., 2005; Shiner et al., 2008). In this search, there were two 

studies that performed walking programs (McDevitt et al., 2005; Tetlie et al., 2008). Of the six 

exercise studies, only one was an exercise program structured by certified exercise physiologists 
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(Fogarty & Happell, 2005). The structured program allowed participants to develop their level of 

activity and this gradual approach showed improvement in physical health. This approach 

allowed for the programs to be tailored to individuals, which aided in adherence. Unfortunately, 

due to the qualitative approach, the findings from this study cannot be generalized (Fogarty & 

Happell, 2005). The success of this program can be determined by the individualized exercise 

programs developed by experienced exercise physiologists. Since most don‟t have access to 

exercise physiologists, studies show that walking will help, and many organizations are 

beginning wellness programs. Those programs focus on education, exercise and maintaining a 

healthier lifestyle (Pelletier et al., 2005; Shiner et al., 2008). 

 For those with osteoporosis exercise recommendations all agree the goals are to 

maximize balance, muscle strength, mobility and to prevent future falls. If an individual has 

lower BMD without a fracture, the goal is to minimize the risk for falls. Low intensity exercises 

including aerobic training, weight bearing activities and resistance training are recommended and 

are proven to have a positive impact on bone health (Borer, 2005; Kohrt et al., 2004). A current 

study shows balance helps ward off falls (Kohrt et al., 2004) in those with poor bone health.  For 

those younger than 35 years of age, exercise can build bone and add to peak bone mass and 

exercise throughout life will slow age-related bone loss (Durstine et al., 2009).  

 A diagnosis of SMI does not alter the exercise response to a single exercise session 

unless pharmacological therapy plays a role (Durstine et al., 2009; Richardson et al., 2005). It is 

common for an individual with SMI to be diagnosed with a secondary medication condition (e.g. 

metabolic syndrome, diabetes, and hypertension) that could have an effect on exercise response 

(Parks et al., 2006). Exercise programs that include supervision by both exercise and psychiatric 

rehabilitation personnel are preferred. A review of the individual‟s medications prior to any 
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exercise program is recommended. For most individuals with SMI following the standard 

American College of Sports Medicine protocols for working with apparently healthy individuals, 

unless co-morbidities are present will work. Exercise programs involving walking or running at a 

low to moderate intensity (50-60% of maximum heart rate) lasting 20 to 60 minutes, have been 

shown to be safe and effective for this population (Durstine et al., 2009). Unfortunately the 

majority of individuals within this population have other physical illnesses so this exercise 

protocol would not work for them. Exercise programs specifically designed for a person, taking 

into account their illness, medications and any physical illness would be the safest and most 

effective way for this population to exercise.  

5.4 Conclusion 

The following summarizes the main conclusions of this research: 

1. Individuals with the SMI diagnosis of schizophrenia, schizoaffective, bipolar disorder, 

and MDD have lower forearm BMD when compared to an age matched population. 

2. Males show higher BMD in the forearm when compared to females.  

3. Those with SMI, when compared to the normal healthy population have higher body fat 

percentages.  

5.5 Recommendations for Further Research 

 This study has raised further questions into the effects severe mental illness on bone 

mineral density. The results of this study suggest that individuals with the diagnosis of 

schizophrenia, bipolar, schizoaffective and MDD show lower forearm BMD. It was also 

suggested that those individuals have higher body fat percentages than an age matched 

apparently healthy population. It was also found the majority of participants were on 

antipsychotic medications that have been shown to cause adverse effects. Future research with 



51 
 

this population needs to focus on recruiting larger samples of each diagnosis, with more accurate 

medical histories. The small sample size of this study limited the statistical information 

necessary to provide definitive conclusions on the effects of severe mental illness on bone 

mineral density.   
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APPENDIX A 

 

 The appendices contain additional data from the study that was excluded from the paper 
to making reading clearer and organized. In this section, and throughout the manuscript, standard 
units of measurement for each variable have been used. A summary of the standard units of 
measure can be found below.  
 
Variable Standard Unit of Measurement 
Age years 
Height meters (m) 
Weight kilograms (kg) 
Bone Mineral Density g/cm² 
Body Fat Percentage percent (%) 
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APPENDIX B 

Table B 1 
 
Summary of Anthropometric Data 
 
Experimental Group 

ID Age Gender Height Weight Ethnicity Diagnosis 

6722699K M 21 70.0 220.0 Black Paranoid Schizophrenia 
7654321W M 22 71.0 301.5 Black Depression, Anxiety, Psychotic Features 
5648792K F 25 63.0 240.0 White Bipolar 
9808870J F 25 62.0 164.0 White Bipolar, Dependent Personality Disorder   
3126882K M 29 75.0 223.0 White - 
6722614K M 29 66.0 209.0 White Schizophrenia 
3126877K M 33 72.5 207.5 White Bipolar, hyperactivity, depression  
1542455K M 35 68.0 210.5 White Bipolar  
2589631K F 36 61.0 184.0 Black Bipolar 
9514263K F 37 66.0 210.0 White Bipolar, Depression 
3126881K F 37 64.75 235.5 White Bipolar, Schizophrenia 
6235882K M 38 76.0 200.0 White Schizoaffective 
1542456K M 38 71.0 232.5 White Schizoaffective 
9871235K M 39 73.5 189.0 Black Schizophrenia, Depression 
2687155K F 42 63.0 184.5 White Bipolar 
4259831K F 45 63.0 130.0 White Previous Psychotic Episodes 
3126883K F 45 69.0 206.0 White Bipolar 
9808876J M 50 70.5 158.0 White Bipolar with psycho tropic tendencies  
3126880K M 52 70.0 327.0 White Bipolar, Panic disorder 
3126875K F 53 63.3 262.0 Black Schizoaffective, Depression 
3126873K M 58 66.3 175.5 White - 
1542441K F 58 67.0 213.1 White - 
1542443K F 58 60.8 174.0 White - 
6983527K M 59 67.25 200.0 White Major Depression, Anxiety 
8321954K M 59 70.25 224.9 White Paranoid Schizophrenia 
316871K F 59 63.5 193.5 White Bipolar   
3126879K M 63 71.0 229.0 White Schizoaffective Disorder 
1542439K F 66 62.3 167.0 White Bipolar  1 
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Table B 1.2 
 
Summary of Anthropometric Data 
 
Control Group 

ID Gender Age Height Weight Ethnicity 
CG5 Female 23 67.0 150.0 White 

CG16 Male 25 68.0 153.0 White 
CG6 Male 26 70.0 178.0 White 

CG4 Female 31 62.5 136.0 White 

CG3 Male 33 70.0 252.0 White 

CG15 Female 37 65.8 134.0 White 

CG14 Male 38 73.0 178.0 White 

CG13 Female 42 66.0 120.0 White 

CG12 Female 46 75.5 191.0 White 

CG11 Male 50 70.0 211.5 White 

CG10 Female 53 66.0 125.0 White 

CG2 Female 56 60.0 105.0 White 

CG7 Male 58 69.0 208.0 White 

CG1 Female 59 63.0 140.5 White 

CG8 Female 62 56.0 211.0 White 

CG9 Male 62 69.5 181.0 White 
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Table B 2 
 
Descriptive Statistics of BMD and Physiological Variables 
 
Experimental Group 
Variable N Minimum Maximum Mean Std. Dev 
Age 28 21.00 66.00 43.25 13.51 
Height 28 1.54 1.93 1.71 0.11 
Weight 28 57.50 140.60 92.78 19.06 
Forearm 28 0.467 0.758 0.616 0.084 
Forearm t-score 28 -2.3 1.5 -0.179 1.103 
Forearm z-score 28 -2.1 2.8 0.300 1.188 
Femoral Neck 28 0.650 1.060 0.871 0.111 
Femoral Neck t-score 28 -2.1 1.2 -0.339 0.771 
Femoral Neck z-score 28 -1.9 1.7 0.214 0.803 
Total Hip 28 0.743 1.253 1.001 0.117 
BF% 28 17.00 50.00 35.52 9.38 
BMI 28 19.70 45.90 31.73 6.24 
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Table B 2.1 
  
Descriptive Statistics of BMD and Physiological Variables 
 
Control Group 
Variable N Minimum Maximum Mean Std. Dev 
Age 16 23.00 62.00 43.81 13.76 
Height 16 1.42 1.92 1.70 0.12 
Weight 16 47.73 114.55 75.97 18.52 
Forearm 16 0.481 0.760 0.631 0.074 
Forearm t-score 16 -1.6 1.9 0.313 1.013 
Forearm z-score 16 -1.3 2.6 0.863 1.142 
Femoral Neck 16 0.650 1.070 0.818 0.123 
Femoral Neck t-score 16 -1.8 1.0 -0.575 0.848 
Femoral Neck z-score 16 -1.2 1.4 0.006 0.767 
Total Hip 16 0.780 1.206 0.941 0.123 
BF% 16 14.00 46.00 26.38 8.80 
BMI 16 19.33 47.56 26.38 7.13 
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Table B 3 
 
Standardized BMD values: T-Scores 
 

Experimental    Control Group 

ID Forearm FEM. NECK 
 

ID Forearm FEM. NECK 

6722699K 0.2 -0.4 
 

CG1 -1.6 -1.1 
7654321W 0.5 -0.1 

 
CG2 -0.1 -1.8 

5648792K -0.2 0.8 
 

CG3 1.0 1.0 
9808870J -1.8 1.2 

 
CG4 0.3 -1.0 

3126882K -0.5 -2.1 
 

CG5 1.0 0.6 
6722614K -2.1 -0.5 

 
CG6 -0.5 -1.3 

3126877K 0.2 0.4 
 

CG7 1.5 0.5 
1542455K -1.4 -0.8 

 
CG8 1.0 -1.4 

2589631K 0.8 -1.0 
 

CG9 1.0 -1.5 
9514263K -0.3 -0.3 

 
CG10 0.7 -0.4 

3126881K 0.3 0.3 
 

CG11 -0.7 -1.0 
6235882K -0.5 -0.5 

 
CG12 1.9 -0.8 

1542456K 1.5 0.0 
 

CG13 1.0 -0.4 
9871235K -0.3 -0.6 

 
CG14 0.3 0.4 

2687155K 0.1 0.3 
 

CG15 -0.4 -1.0 
4259831K -1.9 0.1 

 
CG16 -1.4 0.0 

3126883K 1.2 -1.8 
    9808876J 1.0 -0.8 
    3126880K -0.9 0.9 
    3126875K -0.2 0.1 
    3126873K 0.6 0.0 
    1542441K -0.9 -1.2 
    1542443K -1.0 -1.2 
    6983527K 1.1 -0.7 
    8321954K 1.2 -0.7 
    316871K 1.5 0.3 
    3126879K -2.3 -1.0 
    1542439K -0.9 -0.2 
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Table B 4 
 
Standardized BMD values: Z-Scores 
 

Experimental    Control Group 

ID Forearm FEM. NECK   ID Forearm FEM. NECK 
6722699K 0.2 -0.4 

 
CG1 -0.3 0.1 

7654321W 0.5 -0.1 
 
CG2 1.0 -0.7 

5648792K -0.2 0.8 
 
CG3 1.1 1.3 

9808870J -1.7 1.2 
 
CG4 0.4 -0.9 

3126882K -0.4 -1.9 
 
CG5 1.0 0.6 

6722614K -2.1 -0.3 
 
CG6 -0.4 -1.2 

3126877K 0.3 0.7 
 
CG7 2.2 1.4 

1542455K -1.3 -0.5 
 
CG8 2.5 0.0 

2589631K 1.1 -0.8 
 
CG9 1.8 -0.5 

9514263K 0.0 -0.1 
 
CG10 1.7 0.6 

3126881K 0.6 0.5 
 
CG11 -0.2 -0.3 

6235882K -0.3 -0.1 
 
CG12 2.6 -0.3 

1542456K 1.6 0.4 
 
CG13 1.4 0.0 

9871235K -0.1 0.0 
 
CG14 0.4 0.8 

2687155K 0.5 0.6 
 
CG15 -0.1 -0.8 

4259831K -1.4 0.5 
 
CG16 -1.3 0.0 

3126883K 1.7 -1.4 
    9808876J 1.4 -0.1 
    3126880K -0.4 1.7 
    3126875K 0.7 0.7 
    3126873K 1.3 0.9 
    1542441K 0.4 0.0 
    1542443K 0.2 0.1 
    6983527K 1.7 0.6 
    8321954K 1.8 0.3 
    316871K 2.8 1.2 
    3126879K -1.5 0.0 
    1542439K 1.0 1.5         
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Table B 5 
 
Summary of Participant Data 
 
Experimental Group 

ID 
Forearm    

BMD 
Forearm               
t-score 

Forearm               
z-score 

Femoral 
Neck     
BMD 

Femoral 
Neck                

t-score 

Femoral 
Neck                 

z-score BF% BMI 
1542439K 0.520 -0.9 1.0 0.832 -0.2 1.5 44.8 44.8 
1542441K 0.514 -1.0 0.2 0.721 -1.2 0.1 37.8 44.1 
1542443K 0.711 0.6 1.3 0.926 0.0 0.9 30.7 37.8 
1542455K 0.604 -1.4 -1.3 0.832 -0.8 -0.5 36.4 36.4 
1542456K 0.651 -0.5 -0.3 0.926 0.0 0.4 24.8 25.5 
2589631K 0.605 0.8 1.1 0.804 -1.0 -0.8 46.2 46.2 
2687155K 0.568 0.1 0.5 0.880 0.3 0.6 39.7 39.7 
3126873K 0.521 -0.9 0.4 0.715 -1.2 0.0 44.1 30.7 
3126875K 0.552 -0.2 0.7 0.960 0.1 0.7 49.5 49.5 
3126877K 0.687 0.2 0.3 0.989 0.4 0.7 32.4 32.4 
3126879K 0.554 -2.3 -1.5 0.796 -1.0 0.0 31.7 31.7 
3126880K 0.630 -0.9 -0.4 1.057 0.9 1.7 37.7 37.7 
3126881K 0.549 -0.3 0.0 0.882 0.3 0.5 41.0 44.7 
3126882K 0.563 -2.1 -2.1 0.651 -2.1 -1.9 22.5 22.5 
3126883K 0.467 -1.9 -1.4 0.647 -1.8 -1.4 38.5 43.2 
316871K 0.736 1.1 1.7 0.965 0.3 1.2 23.1 46.7 
4259831K 0.624 1.2 1.7 0.859 0.1 0.5 43.2 38.5 
5648792K 0.474 -1.8 -1.7 0.934 0.8 0.8 49.3 49.3 
6235882K 0.758 1.5 1.6 0.863 -0.5 -0.1 25.5 24.8 
6722614K 0.652 -0.5 -0.4 0.865 -0.5 -0.3 37.5 37.5 
6722699K 0.687 0.2 0.2 1.005 -0.4 -0.4 26.1 26.1 
6983527K 0.641 1.5 2.8 0.774 -0.7 0.6 46.7 27.0 
7654321W 0.706 0.5 0.5 1.064 -0.1 -0.1 38.5 38.5 
8321954K 0.741 1.2 1.8 0.840 -0.7 0.3 27.0 23.1 
9514263K 0.581 0.3 0.6 0.813 -0.3 -0.1 44.7 41.0 
9808870J 0.552 -0.2 -0.2 0.983 1.2 1.2 39.0 39.0 
9808876J 0.731 1.0 1.4 0.815 -0.8 -0.1 17.4 17.4 
9871235K 0.665 -0.3 -0.1 0.976 -0.6 0.0 18.8 18.8 



73 
 

Table B 5.1 
 
Summary of Participant Data 
 
Control Group 

ID 
Forearm    

BMD 
Forearm               
t-score 

Forearm               
z-score 

Femoral 
Neck     
BMD 

Femoral 
Neck                

t-score 

Femoral 
Neck                 

z-score BF% BMI 
CG1 0.481 -1.6 -0.3 0.724 -1.1 0.1 37.4 25.0 
CG2 0.560 -0.1 1.0 0.650 -1.8 -0.7 28.3 20.7 
CG3 0.735 1.0 1.1 1.067 1.0 1.3 28.3 36.2 
CG4 0.577 0.3 0.4 0.740 -1.0 -0.9 21.2 24.5 
CG5 0.614 1.0 1.0 0.912 0.6 0.6 29.3 23.6 
CG6 0.654 -0.5 -0.4 0.755 -1.3 -1.2 18.4 25.5 
CG7 0.760 1.5 2.2 0.999 0.5 1.4 27.4 30.9 
CG8 0.616 1.0 2.5 0.692 -1.4 0.0 46.2 47.6 
CG9 0.731 1.0 1.8 0.726 -1.5 -0.5 28.6 26.3 
CG10 0.602 0.7 1.7 0.804 -0.4 0.6 22.3 20.1 
CG11 0.643 -0.7 -0.2 0.790 -1.0 -0.3 32.5 30.3 
CG12 0.663 1.9 2.6 0.760 -0.8 -0.3 34.0 23.6 
CG13 0.613 1.0 1.4 0.808 -0.4 0.0 15.1 19.3 
CG14 0.693 0.3 0.4 0.984 0.4 0.8 13.8 23.6 
CG15 0.544 -0.4 -0.1 0.738 -1.0 -0.8 24.4 21.8 
CG16 0.606 -1.4 -1.3 0.934 0.0 0.0 14.8 23.2 
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Figure B 1 
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Figure B 2 
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Figure B 3 
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APPENDIX C 
 

 
 

 
Wichita State University 

Department of Human Performance Studies 

Campus Box 16 

1845 Fairmount 
Wichita, KS 67260-0016 

 

EFFECTS OF SEVERE MENTAL ILLNESS ON BONE MINERAL DENSITY 

 

PURPOSE: You are being invited to participate in a research study that will assess bone health in adults 
diagnosed with mental illness. This research study will be conducted at Wichita State University and is in 
collaboration with Breakthrough Club by Dr. Jeremy Patterson and Graduate Research Student Ashley 
Hervey. Approximately 50 people will be enrolled. 
Obesity and other metabolic conditions for people with mental illness is exacerbated by the common side 
effects of psychotropic medications.  Additional side effects can include loss of motor control, dizziness, 
nausea, muscle stiffness, fatigue, feeling disoriented, impaired thinking, changes in blood pressure, and 
visual impairment.  
 
Loss of bone mineral density has not been included in this list of effects of mental illness medications; 
this is likely because of the lack of research on this population. With the low amount of physical activity 
combined with the listed side effects we hypothesize that the rate of bone loss is greater than that of a 
healthy age-matched population.  
   
You do not have to participate in this research study. It is important that before you make a decision to 

participate, you read the rest of this form. You should ask as many questions as needed to understand 

what will happen to you if you participate in this study. 

PROCEDURES: If you decide to participate in this study, you will be asked to sign this consent form 
that allows us to gather information from you and perform the scan described below. A full-body DEXA 
unit (Hologic QDR 4500) will be used to quantify muscle, fat, bone mineral content, and bone mineral 
density of the whole body. You will lie down on the bed of the scan machine (DEXA) for approximately 
6 minutes while the scan arm passes over you several times taking images of your bones. Testing will 
occur in the Human Performance Laboratory at Wichita State University. If you do not have 
transportation to get to WSU this will be arranged for you through Breakthrough. All participants will 
begin with their height and body weight measurement. Body composition (i.e., muscle, fat, bone) will be 
assessed using a full body DEXA scan. The DEXA emits a low radiation dose that presents minimal 
exposure to you about one-tenth of what you would get in chest x-ray. Due to the low radiation dose all 
female participants will be administered a pregnancy test. In the event of a positive test that participant 
will not be allowed to participate in the study. Testing procedures will take approximately 30 minutes to 
complete. 
 
DISCOMFORT/RISKS: Bone Densitometry Test (DEXA):  There exists the possibility of certain 
changes that may occur during the DEXA assessment. The parts of your body that will receive the most 
radiation exposure are the skin, although your whole body will be exposed to radiation. The radiation 
exposure is small compared with other commonly accepted medical procedures such as chest x-rays, 
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lumbar spine x-rays, and dental bite wings. In fact, patient dose is even smaller than exposure to natural 
background radiation. The amount of radiation that you will receive from this procedure is equivalent to a 
uniform whole-body exposure of 0.1 mrem, with the exposure being 2.4-4.8 mrem per hip (femur) and 
spine scan. The typical radiation exposure from a normal chest x-ray is 30 mrem. Although you will have 
a small amount of exposure, the risk from radiation exposure of this magnitude is too small to be 
measured directly and is considered to be negligible when compared with other everyday risk. We also 
want to make sure that the amount of radiation that you have received in the past year is within safe 
limits, so if you have had an x-ray, let us know. If you have recently undergone CT (Computerized 
Tomography), PET, fluoroscopic, or nuclear medicine studies within the past year, you cannot obtain 
DEXA assessment. If you are currently pregnant, or receive a positive pregnancy test prior to assessment, 
you cannot obtain a DEXA assessment. Other changes during DEXA assessment may include but are not 
limited to motion sickness (lightheadedness, nausea) due to the mechanical movement of the DEXA 
machine or muscle discomfort due to body position. The Radiation Safety Officer (Dr. Glendon Miller, 
978-3347) of Wichita State University can provide you with more information about radiation exposure if 
you are interested.  
 

BENEFITS:  The DEXA assessment will also provide information pertaining to your bone mineral 
content, bone mineral density and body composition. The information received is not intended to 
diagnose osteopenia, osteoporosis, and/or obesity.  It is suggested that you share the information obtained 
from you DEXA assessment with your primary care physician.  You will be given an additional copy of 
all assessment information for the purpose of physician consultation. There is also potential for you to 
have greater knowledge and understanding of your mental illness and its impact on your overall health. 
The information gained in this study will be particularly beneficial to exercise professionals, medical 
professionals, and the participants to have a better understanding of the effects of mental illness 
medications on bone health. This is an original study that has the potential to report an outcome that 
would be very beneficial to the general public and have a significant contribution to the scientific field.  
 
CONFIDENTIALITY: Any information obtained in this study in which you can be identified will remain 
confidential and will be disclosed only with your permission.   
 
COMPENSATION OR TREATMENT: Wichita State University does not provide medical treatment or 
other forms of reimbursement to persons injured as a result of or in connection with participation in research 
activities conducted by Wichita State University or its faculty, staff, or students.  If you believe that you have 
been injured as a result of participating in the research covered by this consent form, you can contact the 
Office of Research Administration, Wichita State University, Wichita, KS 67260-0007, telephone (316) 978-
3285. 
 
REFUSAL/WITHDRAWAL:  Participation in this study is entirely voluntary.  Your decision whether or 
not to participate will not affect your future relations with Wichita State University or Breakthrough Club.  If 
you agree to participate in this study, you are free to withdraw from the study at any time without penalty. 
 
CONTACT:  If you have any questions about this research, you can contact me: Dr. Jeremy A. Patterson, 
office #112, Heskett Center, telephone (316) 978-5440.  If you have questions pertaining to your rights as a 
research subject, or about research-related injury, you can contact the Office of Research Administration at 
Wichita State University, Wichita, KS 67260-0007, telephone (316) 978-3285. 
 
You are under no obligation to participate in this study.  Your signature indicates that you have read the 
information provided above and have voluntarily decided to participate.  You will be given a copy of this 
consent form to keep. 
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____________________________________________________ _______________________ 
Signature of Subject       Date 
 
____________________________________________________ _______________________ 
Witness  Signature       Date  
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Wichita State University 
Department of Human Performance Studies 

Campus Box 16 
1845 Fairmount 

Wichita, KS 67260-0016 

 

Date: ______________      ID:    
     

 
Name: ___________________________________________ Phone: _____________ 
 
 
Address: ________________________________________________________________ 
 
 
Sex:  Male   Female  Height: ___________ Weight : __________ Date of Birth: ____________ 
 
 
Diagnosed Mental Illness:     Forearm Length: ___________  
 
 
Medications currently taking:          
             
             
             
     
 
Have you been involved on a HEAL Team:  YES   NO     If YES, when: ___________  
 
 
Are you presently involved in an exercise program? _____________________________  
 
 
 
 
 
 
Signature of Subject:            Date:    
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