[image: image7.png]Overall PittCat+ database search
“alzheimers music” N = 563
“alzheimers physical activity” N = 6050
“alzheimers music physical activity” N = 5755
“alzheimers dance” N =916

Subset of cach search selected
“alzheimers music” N = 153
“alzheimers physical activity” N = 124
“alzheimers music physical activity” N = 101

“alzheimers dance” N =76 Excluded:

.
Only assessed broad

dementia N = 146
. s

| e
Didn’t assess early

stages N =72
.~ v

Observational studies

N=5

e
News articles, etc.

N=177
o

s
Outcome not

cognitive/ behavioral

N-44
-~

10 publications selected
“alzheimers music” N =6

“alzheimers physical activity” N =2
“alzheimers music physical activity” N = 1
“alzheimers dance” N = 1









ABSTRACT
Background/Objective: Alzheimer’s Disease (AD) is a rapidly progressing neurodegenerative disease that affects 50 million people worldwide. It is estimated that by 2050, there will be 1 million new cases of AD annually. With no cure and limited treatment options, the public health burden of AD will increase and lead to a need for better treatment options. Currently, the NIH recommends non-drug interventions to address the psychiatric symptoms that accompany AD progression such as anxiety, depression, and irritability. This work will examine the benefits of several music-based, physical activity and dance-based, and combination therapies for people with AD. 

Methods: A review of literature was conducted. Keywords “alzheimers + dance”, “alzheimers + music”, “alzheimers + physical activity”, and “alzheimers + music + physical activity” were used to search PittCat+. Results were sorted by relevance and a subset of papers from each search were reviewed for inclusion. Papers were excluded if they did not assess early stage AD, only assessed mild cognitive impairment or dementia broadly, were observational, assessed an outcome other than a change in cognitive or behavioral symptoms, or did not assess a music, physical activity, or combination intervention were excluded. Overall, 10 papers were chosen for review.
Results: Three music-based interventions demonstrated increased autobiographical memory recall in environments where recognition items were presented either through song or with background music playing. Participants in these studies exhibited increased mini-mental state examination scores and improved Hospital Anxiety and Depression Scale and agitation scores post intervention. Two physical activity-based interventions reported increased maintenance of cognitive functions and agility following exercise interventions. Two combination dance and music therapies showed increased positive mood and energy and decreased difficult behaviors post intervention. Overall, studies supported a beneficial association between non-drug behavioral therapies and an improvement in cognitive and psychiatric symptoms. 

Conclusion: Evidence shows that music and movement interventions improve cognitive, behavioral, and other symptoms experienced by people in the early stages of AD. However, research in this area is sparse. Further research is required to confirm a true relationship between music and activity therapies and alleviation of the symptoms of early-stage Alzheimer’s Disease.   
Public Health Significance: As the number of people with Alzheimer’s Disease rises globally, the necessity for less invasive treatments that improve quality of life and promote an overall feeling of wellness while alleviating symptoms grows. Exploring cost effective options with minimal or no side effects such as music, physical activity, and dance therapies could have a large impact on how early Alzheimer’s disease is treated.
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1.0  Introduction

Alzheimer’s Disease (AD) is a rapidly progressing neurodegenerative disease that results in cognitive impairment and overall decreased quality of life as the disease progresses. According to the Alzheimer’s Association, AD is the most common cause of dementia in older adults, accounting for 60-80% of dementia1. The Alzheimer’s Association estimates that approximately 50 million people worldwide are living with AD or another form of dementia, making AD and other dementias the 6th leading cause of death in the world. They also estimate that over 200,000 people in the United States alone have early-onset AD, which is characterized by an onset of symptoms before age 65. 
The Alzheimer’s Impact Movement (AIM) reports that the average annual Medicare spending per person for seniors with Alzheimer’s Disease and other dementias is $24,122, compared to $7,415 for those seniors without AD or any other form of dementia2. As the baby boomer generation ages, the AIM estimates that by 2050, there will be approximately 1 million new cases of AD per year, which equates to someone in America developing AD every 33 seconds. The AIM also approximates that Medicaid spending will increase 310% between now and 2050, reaching as high as $750 billion for Medicare and Medicaid combined. 

1.1 signs and symptoms
The Alzheimer’s Association recognizes 10 early signs and symptoms of AD that can manifest before a true diagnosis is made and outlines how they differ from a typical progression of aging. These symptoms include cognitive and functional changes such as memory loss that disrupts daily life, difficulty with planning and problem solving, the inability to complete familiar daily tasks, and difficulty interpreting visual and spatial relationships. Other symptoms identified by the Alzheimer’s Association include confusion with time or place, difficulty with motor skills like speaking, writing, and finding words, and frequent misplacement of things. Poor or decreased judgement, withdrawal from work and social activities, and mood and personality changes are also indicative of the early stages of the disease1. The major distinction drawn by the Alzheimer’s Association between normal symptoms of aging and early warning signs of Alzheimer’s Disease is that early signs of Alzheimer’s Disease are severe enough to impact day to day life, such as forgetting how to get home or calling common objects by the wrong name. People experiencing any of these life-disrupting symptoms are encouraged to visit a doctor and undergo diagnostic testing.
Clinically, Alzheimer’s Disease is characterized by the destruction of neurons, cells that transmit electrical nerve impulses, in the brain. Amyloid plaques and tau tangles formed by abnormal protein deposits prevent these neurons from functioning properly, which inevitably results in their death3. The National Institutes of Health have determined that this neural damage mainly takes place in the hippocampus, which is necessary for memory formation and the regulation of emotions and autonomic nervous system processes. As the disease progresses, other areas of the brain that are responsible for conscious thought, reasoning, and language can be affected, resulting in an overall loss of brain volume in the late and final stages of the disease. 

1.1.1 Risk Factors

Old age is a well-documented risk factor for Alzheimer’s Disease1. The Alzheimer’s Association estimates that after age 65, an individual’s risk for developing AD doubles each year. They estimate that by age 85, a person has a 1 in 3 chance of developing AD.  Additionally, several other potential risk factors for developing AD have been recognized. The Alzheimer’s Association identifies family history, including both genetic and environmental factors, and a history of head injury as other potential risk factors for developing AD. They also theorize a “heart-head connection,” as those with heart-related conditions such as diabetes, history of stroke, high blood pressure, and high cholesterol are shown to be more likely to develop AD. Although the underlying reason is unclear, both Latin and African Americans appear to be at greater risk for developing AD than other races1.
1.2 treatments
While there is currently no cure for Alzheimer’s Disease, there are several treatment options that can help to slow the progression of cognitive symptoms and alleviate some of the mental health discomforts that accompany the progression of the disease. The National Institute on Aging (NIA) recommends cholinesterase inhibitors, drugs that prevent the breakdown of acetylcholine in the brain, for people in the early stages of Alzheimer’s disease. While it is not well known why these drugs alleviate cognitive symptoms in people with Alzheimer’s Disease, it is known that acetylcholine performs several memory and thinking related functions in the brain, so preventing the breakdown of this chemical allows more of it to remain present in the brain for use in these functions3. To decrease and alleviate symptoms in people with moderate and severe Alzheimer’s Disease, the NIA recommends memantine, an N-methyl D-aspartate (NMDA) antagonist, which works to regulate the amount of glutamate in the brain. Glutamate, the most active excitatory neurotransmitter in the brain, aids in several learning and memory functions in the brain4. However, in excessive amounts, glutamate can cause overexcitation of neurons and eventual neural death3. These drugs also come with an unpleasant list of side effects that can affect quality of life. According to the Alzheimer’s Association, the side effects most commonly experienced when taking these drugs include nausea and vomiting, constipation, headache, confusion, and dizziness. At higher dosages, these side effects can become more prominent, frequently causing patient to discontinue treatment. Drug therapy is often not sustainable long-term and must be moderated or stopped after a period of time. 
1.2.1 Treatments for additional symptoms
In addition to the cognitive symptoms of AD, Forstmeier et al. (2015) estimate that 90% of people with Alzheimer’s Disease also suffer from psychiatric symptoms such as anxiety, depression, and irritability5. As the disease progresses, people can also experience aggression with physical and verbal outbursts, agitation, restlessness, hallucinations and delusions, and disruptions in sleep patterns1. While these behavioral changes are often treated with medications such as antidepressants, anxiolytics (anti-anxiety), antipsychotics, and tranquilizers, the National Institutes of Health encourage care providers to explore non-medication options to alleviate these symptoms as these drugs, including those intended to treat the cognitive symptoms of Alzheimer’s Disease, may cause unpleasant side effects and can be challenging to safely maintain long-term. In people with dementia, the risk of mortality associated with use of antipsychotics is significantly higher than in people without dementia6. For this reason, it is necessary to explore alternative treatment options to minimize the use of harmful drugs in this population. 

1.2.2 Treatment recommendations
In 2009, the Alzheimer’s Association began pushing for community partners to develop socially interactive interventions to help alleviate some of the behavioral and cognitive symptoms of Alzheimer’s Disease7. The most prominent non-drug interventions used throughout the stages of Alzheimer’s Disease are those involving music, physical activity, and combinations of music and physical activity7. The reasoning for these interventions is largely biological in nature. As the part of the brain that processes and encodes music is left wholly unaffected as Alzheimer’s Disease brain atrophy progresses,8 music therapy is generally well-received and provides benefits to participants such as increased autobiographic memory recall and reductions in anxiety and depression. A randomized controlled trial of 120 healthy adults by Erickson et al. in 2010 found that three days of physical activity a week over a year-long period maintained or increased hippocampal volume, which deteriorates both in old age and with the progression of dementias such as Alzheimer’s Disease9. Because the hippocampus is responsible primarily for memory storage, employing a physical activity intervention could help to quell or slow hippocampal volume loss as Alzheimer’s Disease progresses. Physical activity is also known to increase levels of endorphins, likewise leading to decreased anxiety, depression, and other psychiatric symptoms. Combination therapies, such as physical activity set to music or dance programs, combine the benefits of both therapies. The purpose of this essay is to review literature regarding alternative therapies such as music, physical activity, and combination or dance-based therapies for symptom reduction in people in the early stages of Alzheimer’s Disease.
2.0  methods
To obtain publications reviewed in this paper, the PittCat+ database was searched due to ease of access. In order to ensure concise results, all results were filtered for the “alzheimers disease” subject term and included only peer-reviewed sources. The first search conducted used the keywords “alzheimers music” and elicited 563 results. The second search used the keywords “alzheimers physical activity” and elicited 6,050 results. The third search used the keywords “alzheimers music physical activity” to represent combination music and physical activity therapies and elicited 5,755 results. The final search used the keywords “alzheimers dance” and elicited 916 results. Results of each search were sorted by relevance and a subset of papers, starting with the most relevant, was selected for review from each search. Figure 1 shows the detailed search process. The studies chosen are discussed narratively. Details on sample size, disease severity, study design, methods, diagnostic and outcome measures, results, and strengths and weaknesses are presented in Table 1. 
2.1 inclusion criteria
Studies that are included in this review are studies that assess the effect of a music, physical activity or combination/dance intervention on the symptoms and preferences of people in the early stages of Alzheimer’s Disease.  
2.2 Exclusion criteria

Papers that did not actively assess an intervention (i.e. observational studies) were excluded, although few were found in the search. Studies were excluded from this review if they did not assess early-stage Alzheimer’s Disease. This includes mild cognitive impairment and studies referencing only or moderate or late stages of the disease. Studies that only broadly assessed an intervention in people with dementia, not specified Alzheimer’s Disease dementia, or only worked with healthy older adults, were excluded. News articles, websites, other reviews, and studies in which a music, physical activity, or combination/dance therapy was not the primary or only intervention were excluded. Studies that did not assess an outcome of a change in cognitive or behavioral symptoms, such as brain imaging studies, were excluded. Given these inclusion and exclusion criteria, 10 papers were ultimately selected for review.

 
Figure 1. Description of literature search process
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Table 1 Continued
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Note: MMSE, mini-mental state examination; CDT, clock drawing test; STAI, state-trait anxiety inventory; AMI, autobiographic memory inventory; SART, sustained attention to response test; GDS, geriatric depression scale; MSQ, mental status questionnaire; CMAI, Cohen-Mansfield agitation inventory; NINCDS-ARDRA, National Institute of Neurological and Communicative Disorders and Stroke – Alzheimer’s Disease and Related Disorders Association; CDR, clinical dementia rating; NPI, neuropsychiatric inventory; HADS, hospital anxiety and depression scale; BI, Barthel index; ADL, activities of daily living; CERAD, consortium to develop a registry for Alzheimer’s Disease; SLUMS, St. Louis University Mental Status Exam; BBS, Berg balance scale; TUG, timed up-and-go. 
3.0  RESULTS
3.1 effects on memory and cognition
A one-armed, repeated measures experimental study found that in 10 participants with mild Alzheimer’s Disease, autobiographic memory recall scores were significantly increased when items for recall were presented with Vivaldi’s Four Seasons playing in the background (p<0.005) compared to in silence. In the same study, a group of 10 healthy adult controls showed no significant difference between music and silence conditions10. Similarly, a one-armed experimental study with 13 participants in the early stages of AD found that participants recalled song lyrics more accurately when the lyrics were sung to them instead of spoken (p=.003), compared to no significant difference between sung and spoken conditions among a group of 14 healthy controls12. After six weeks of group music therapy, a one-armed experimental study including 42 people with early to moderate AD found an increase in Mini-Mental State Examination (MMSE) scores at the end of the intervention period (p<0.0001)13.  Finally, a one-armed repeated measures study found that in a group of 12 individuals with mild AD, accurate recall of past life events was significantly improved when listening to music of their choice (p<0.001) as compared to listening to Vivaldi’s Four Seasons and in silence. A group of 12 healthy controls exhibited a ceiling effect, so no significant change was detected between the conditions11.
A pilot randomized controlled trial found that, in 15 people with mild to moderate AD, exercising 3 times a week for 12 weeks significantly improved executive function and language ability (p<0.05) at the end of the 12-week intervention compared to a control group of 15 people with mild to moderate AD15. In a randomized controlled trial of 9 people with mild AD, physical activity 3 times a week for 6 months promoted the maintenance of MMSE scores at the end of the intervention. In a control group of 7 people with moderate AD, MMSE scores significantly declined over the 6-month period (p<0.05)16. A case study intervention of one woman with mild AD found that salsa dancing 2 times a week for 12 weeks did not significantly improve St. Louis Anniversary Mental Status Exam (SLUMS) scores at any of the measured time points19.
3.2 effects on anxiety, depression, and other behavioral symptoms
In a randomized controlled trial of 15 people with mild to moderate AD, anxiety and depression were found to be significantly decreased at the end of a 16-week music therapy intervention and at 2 months post intervention (p<0.0001 for anxiety, p=0.002 for depression) as compared to a control group of 15 people also with mild to moderate AD14. A randomized controlled trial of 26 people in all stages of AD found no significant reduction in agitated behaviors over time compared to a control group of 19 people in all stages of AD (p=0.432). However, within-subjects, agitated behaviors did appear to significantly decrease over time (p<0.05)17. A one-armed experimental study of 42 people with mild to moderate AD found that 6 weeks of group music therapy significantly decreased items on the Neuropsychiatric Inventory (NPI) such as delusions (p=0.015), hallucinations (p=0.026), agitation (p=0.010), anxiety (p=0.002), apathy (p=0.034), and irritability (p=0.025). Anxiety and depression were also both found to be significantly decreased as measured additionally by the Hospital Anxiety and Depression Scale (HADS) inventory (p<0.0001 for both)13.  A final one-armed experimental study including 12 participants with mild AD found significantly more positive words used to describe recall of past life events when exposed to chosen music compared to Vivaldi’s Four Seasons and silence conditions (p<0.001). Participants with AD were also found to use more positive words overall than a group of 12 healthy controls (p<0.05)11.
A pilot randomized controlled trial assessing the effects of physical activity 3 times a week for 12 weeks found that in 15 participants with mild to moderate AD, NPI scores were significantly improved as compared to 15 controls with mild to moderate AD (p<0.05)15. Finally, a one-armed repeated measures experimental study found significantly increased positive mood and enjoyment among 14 participants with mild to moderate AD when exercise was performed to instrumental music (p<0.06) without the use of props (p<0.09) as compared to exercise to vocal music with props18.
3.3 effects on other symptoms
In a one-armed experimental study of 6 weeks of group music therapy in 42 participants with mild to moderate AD, no significant change in BI scores, which measure independence of activities of daily living, was found from baseline to the end of the intervention13. A randomized controlled trial of physical activity 3 times a week for 12 weeks found that, in the intervention group of 15 people with mild to moderate AD, independence in activities of daily living remained stable compared to a significant decline in the control group of 15 people with mild to moderate AD (p<0.05) and reaction time and motor skills in the intervention group improved significantly (p<0.05) compared to the control group15. A case study intervention of one woman with mild AD found that salsa dancing 2 times a week for 12 weeks improved range of motion, strength, ability to perform functional activities, mobility, balance, timed up-and-go, and gait speed19. In a randomized controlled trial of 9 people with mild AD, physical activity 3 times a week for 6 months significantly improved agility and balance (p<0.05) and timed up-and-go (p<0.05) and maintained MMSE and balance as compared to 7 controls with moderate AD16.
4.0  DISCUSSION

The objective of this review was to assess current literature surrounding music, physical activity, and combination or dance therapies for the treatment of cognitive and behavioral symptoms of early-stage Alzheimer’s Disease. The papers reviewed showed overwhelmingly positive outcomes on the symptoms of Alzheimer’s Disease and indicate an overall benefit of these alternative treatments.
4.1 implications of music therapy

Overall, the studies assessing music therapy attributed music therapy to positive outcomes including enhanced autobiographic memory recall10,11,12, significant reductions in anxiety and depression levels over time14, increased MMSE scores indicating improved orientation, language, and memory skills13, and improved psychiatric and behavioral symptoms such as delusions, hallucinations, irritability, and agitation13,17.

4.2 implications of physical activity therapy

Studies assessing the effects of physical activity identified overall benefits such as maintenance of cognitive functions, agility, and balance16 as well as improved anxiety and depression15.
4.3 implications of combination and dance therapies

Studies that assessed combination therapies or dance interventions showed increased enjoyment and participation in combined music and exercise programs18 and improved functional measures such as balance and gait speed19.  While few true combination interventions were identified, combining a music intervention a physical activity intervention has the potential to provide the benefits of both interventions while allowing for maximized rates of participation and enjoyment. Interventions such as those outlined above also allow people with Alzheimer’s Disease to interact socially with people going through the same cognitive and behavioral changes, leading to increased self-esteem and feelings of companionship.

4.4 overall strengths
Overall strengths of the studies reviewed varied from study to study. Strengths of the music therapy studies included use of healthy control groups10,11,12 and masking of interviewers14.  The positive outcomes of these studies were significant across studies, indicating consistency of results. The physical activity therapies studied controlled for identified confounders16 and long-term evaluation of the benefit of physical activity therapy15. The combination therapies assessed identified benefits over a broad range of functional measures19 and were robust in the types and combinations of therapies assessed18. This review process was rigorous and detailed and hundreds of papers were screened for inclusion. The inclusion of only papers pertaining mainly to the early stages of Alzheimer’s Disease allows strong generalizability to this group of people with Alzheimer’s Disease.
4.5 limitations

While the studies outlined above boasted many benefits, they also came with many limitations. The music therapy interventions were overall limited by small sample sizes (n<45 in all cases), large numbers of uncontrolled variables17 and an overall lack of knowledge of the specific mechanisms by which music therapy improves these cognitive and behavioral symptoms. The physical activity studies reviewed were also limited by small sample sizes (n<30 in both cases). Limitations of these studies also included participant loss over the course of the study due to extended intervention period16, short intervention periods involving only 1-2 visits or tests10,11,12 and lack of control group13,19. Combination and dance therapy interventions were also limited by sample size (n<30 in all cases). Furthermore, inconsistencies existed in measurement of symptom improvement as studies often did not assess outcomes using the same tests, making it difficult to compare results across studies. The populations studied in each case also varied greatly as the studies chosen were conducted in several different countries and different measurements of disease severity were implemented across studies, causing potential inconsistencies in classification and leading to misclassification bias. Six of the studies assessed were not randomized controlled trials, making true causal associations difficult to determine10,11,12,13,18,19. One major limitation of this literature search process was the use of only the PittCat+ database, which was difficult to filter and navigate. Caregiver burden was not assessed in this review, but represents a large portion of the public health significance surrounding Alzheimer’s Disease.
4.6 conclusion

In summary, music therapy, physical activity therapy, and combination therapies show a wide range of benefits for the cognitive and behavioral symptoms of people in the early stages of Alzheimer’s Disease. However, an analysis of these studies identifies major gaps in these research areas and highlights the need for additional studies to more concretely determine the true effects of music, physical activity, and combination therapies on the symptoms of early stage Alzheimer’s Disease. In the future, a review assessing all stages of Alzheimer’s Disease, including precursor stages such as mild cognitive impairment, may lead to an increased number of relevant papers for review. Assessing general dementia as opposed to Alzheimer’s Disease specific dementia may also provide insight into how these therapies may benefit a broader range of individuals. In conclusion, while existing studies show the potential to benefit people in the early stages of Alzheimer’s Disease, research in this area is sparse and must be built upon to determine the extent of the true benefits and in which ways these therapies can be most effective.

4.6.1 Recommendations for future research 

Constructing interventions that assess the effects of different types of music (e.g. classical, lyrics vs. instrumental, individual musical preferences) may provide further insight into how to best use music as a therapy option to alleviate cognitive and behavioral symptoms for people with Alzheimer’s Disease. Likewise, investigating differing effects of varying types of physical activity, such as cardio, strength training, or yoga, could be useful in tailoring interventions to different presentations of symptoms among people with Alzheimer’s Disease. Interventions involving different styles of dance such as ballet, contemporary, or ballroom dancing, which all incorporate different types of music with different styles of movement, can also be important in determining which combinations of music and movement provide the most successful alleviation of symptoms. Combining these interventions with brain imaging procedures could help this research contribute to the lacking knowledge of how music, physical activity, and dance interventions biologically affect the brains of people with Alzheimer’s Disease. Due to the current broad usage of medication therapy for the symptoms of Alzheimer’s Disease, studies comparing drug therapies to alternative therapies could be beneficial in providing direct evidence to the argument to implement alternative therapies in place of medication therapy for the cognitive and behavioral symptoms associated with Alzheimer’s Disease. Culturally sensitive interventions, such as salsa dancing in Latin populations, may be important to assess as they combine proven techniques for symptom reduction with a cultural familiarity, which may increase the enjoyment or sense of community provided by the intervention. Finally, maintaining follow-up for months or years after an intervention could give evidence to the presence or absence of long-term effects of alternative therapies.

5.0  public heAlth significance

Research on Alzheimer’s Disease and alternative therapies for people in the early stages of Alzheimer’s Disease can have a significant public health impact as the burden of Alzheimer’s Disease will only increase as more people are diagnosed and treatments are limited. As we currently know very little about the biological pathogenesis and progression of Alzheimer’s Disease, continued research may lead to increased understanding of the disease, allowing for tailored treatment and therapies. Understanding the complex effects of alternative, non-drug therapies may not only serve to improve the symptoms that come with the early stages of Alzheimer’s Disease, but also promote continued integration into society for those affected. Without a cure currently, drug and non-drug therapies are the only options for this large population of people with early-stage Alzheimer’s Disease. This makes it imperative that the therapies offered are maximizing benefit while minimizing risk and negative side effects while being accessible to all who are experiencing the early symptoms of Alzheimer’s Disease. Therapies that increase functional abilities and promote independence also have the potential to decrease the immense caregiver burden experienced by those caring for people with Alzheimer’s Disease. As the public health burden of early-stage Alzheimer’s Disease continues to increase, multidisciplinary research must also increase to ensure that everything possible is being done to both minimize burden and support affected individuals in every possible way.
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