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Abstract 
A prominent theory about the etiology of Alzheimer's Disease (AD), called the 

inflammation hypothesis, points to inflammation from an infection as a causative agent of the 
biodegradation of the brain. To test this hypothesis, residents from long-term care facilities were 
cognitively assessed and their microbiomes were analyzed.  With a small sample size, 
conclusive evidence was not obtained to support or reject this hypothesis, however the cognitive 
assessments used, including the NIH Toolbox, were analyzed. It was concluded that the NIH 
Toolbox is not an effective tool to track the progression of dementia at this time as it is not 
validated for participants over the age of 85, requires extensive time and equipment, and the 
results are difficult to interpret.   
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1.0 Introduction 
Dementia is one of the most commonly diagnosed conditions in the elderly population 

worldwide, with about 9.9 million new diagnoses each year. It is estimated that there are 
currently 47.5 million people living with a dementia diagnosis in the world. Dementia prevalence 
increases with age, as the risk of disease begins at the age of 60 and increases every year. The 
highest prevalence of dementia is in people over the age of 90, but there is a marked 
prevalence in people between the ages of 71 and 79 (Plassman et al., 2007).  

 Dementia is a general term for diseases which include a noticeable cognitive decline. 
There are several kinds of dementia, with Alzheimer's Disease, Diffuse Lewy Body dementia, 
frontotemporal dementia, and vascular dementia making up the majority of dementia diagnoses 
(Bolla, Filley, & Palmer, 2000). Alzheimer's Disease is the most common kind of dementia. 
Other, less common forms of dementia include Parkinson's dementia, Creutzfeldt-Jakob 
disease, and Wernicke-Korsakoff dementia. Each of these specific diseases has hallmark 
clinical and biological manifestations. In some patients, testing does not reveal conclusive 
evidence to diagnose a specific form of dementia, and thus a diagnosis of unspecified dementia 
is given.  

One of the clinical signs of dementia is a cognitive decline which causes a decreased 
ability to function independently. Due to this decrease in functionality, many people with 
dementia require additional care, which can range from daily nursing visits to full-time 
monitoring. Many families opt to place loved ones with dementia into long-term care facilities to 
provide the latter with appropriate full-time care (Schulz et al., 2004). Studies have shown that 
dementia, depression, and anxiety are the most common psychiatric disorders among elders in 
long-term care facilities (Seitz, Purandare, & Conn, 2010).  

Within the past 30 years, many research endeavors have changed the landscape for 
diagnosis, treatment and prevention of dementia and related diseases. Recent advances in 
technology and dementia research have shed light on the underlying pathophysiology of many 
kinds of dementia. These breakthroughs have allowed for more precise diagnoses and 
treatment options for dementia and the other specific cognitive diseases. The recent research 
into the prevalence of dementia has also highlighted some potential risk factors for the disease, 
which in turn allow for speculation into the mechanisms which lead to the cognitive decline. For 
example, major breakthroughs regarding vascular dementia have revealed the underlying cause 
of the disease which allows for identification of treatment options and preventative measures 
(Ritchie & Lovestone, 2002).  

 While these research endeavors have revealed great insights into disease mechanisms 
and treatment possibilities for some of the specific dementia diseases, such as vascular 
dementia, the most common form of dementia, Alzheimer’s Disease, is still one of the most 
confounding forms of dementia. There is evidence that Alzheimer's Disease could be caused by 
an infection causing an inflammatory immune response which spreads to the brain (van der 
Flier, W. M. & Scheltens, 2005).  
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The purpose of this clinical study is to explore the changes in the gut microbiome of 
people living in long-term care facilities in relation to continued cognitive decline in order to 
support the hypothesis that that Alzheimer’ Disease result from neuroinflammation secondary to 
an infection in the gut.  

2.0 Background 
 Before beginning to investigate the possible relationship between the gut microbiome 
and Alzheimer’s Disease, it is important to fully grasp the current understanding of both topics. 
In this section, the significance of the gut microbiome will be explored with specific focus on the 
gut microbiome of the elderly. Additionally, the etiology, symptoms, diagnosis, and disease 
tracking of Alzheimer’s Disease will be reviewed.  

2.1 The Gut Microbiome  
Our bodies are home to trillions of microorganisms, including bacteria, viruses, and 

fungi. These microbes outnumber our own human cells ten to one, and the combined genome 
of these microbes is two hundred times the number of genes in our human genome (Bäckhed, 
et al., 2005). We are not born with our specific microbiome, instead we form our unique 
microbiomes through our life experiences. The formation of a unique microbiome begins at birth, 
a relatively diverse gut microbiome has been observed as soon as after the first week of life, 
and an adult-like microbiome is fully developed by the end of the first year of life (Pflughoeft and 
Versalovic, 2011). Thus, the events of the first two years of life are very significant in the 
formation of the microbiome. Many variables have been identified as being very impactful on the 
overall microbiome. These factors include the genetic makeup, physiology, immune system, 
environment, pathobiology, lifestyle and diet of the host, as well as the other people the host 
may encounter (Turnbaugh, et al., 2007).  

Each region of the body contains a specific microbiome which differs greatly from that of 
the other regions. The main regions of the body which have complex, diverse microbiomes are 
the mouth, airways, skin, gut and vagina. Of all of these regions, the gut microbiome has been 
linked to many bodily functions and contributes to overall health (Proctor, 2011). For instance, 
recent studies have shown that specific gut bacteria can influence weight through promoting 
different metabolic mechanisms (Turnbaugh et al., 2006). Additionally, other studies have aimed 
to reveal a connection between the gut microbiome and insulin action in the body. These results 
could potentially associate the bacteria in the gut with one of the most common metabolic 
disease in the United States, diabetes mellitus (Serino et al., 2013).  

 

2.1.1 The Gut-Brain Connection  
The gut microbiome has been linked to other health factors outside of the gut. Just as 

the organs of the digestive and immune systems are able to communicate with the other organs 
and systems of the body, the gut microbes make use of these communication pathways as well. 
The Vagus nerve is the longest cranial nerve which extends from the brain down to the 
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abdomen and contains mostly parasympathetic nerve fibers. The Vagus nerve branches into the 
pharynx, larynx, esophagus, cardiac muscle, bronchioles, stomach, gallbladder, pancreas, and 
small intestine. The Vagus nerve is able to transmit motor impulses which affect speech, heart 
rate, bronchoconstriction, and digestion (Henry, 2002).  

Through the Vagus nerve, the gut microbes are able to influence other parts of the body. 
The vagal nerve fibers connect to epithelial tissue lining the digestive organs; thus, the fibers do 
not directly contact the microbes. The microbes, however, can release chemicals which can be 
sensed by the vagal nerve fibers, and then transmitted to the rest of the body. Some gut 
bacteria have been shown to release neurotransmitters, such as dopamine, serotonin, and 
acetylcholine, which can directly interact with neurons in the brain. These communications 
between the brain and the gut microbes has been shown to be bidirectional, meaning that just 
as the microbes are able to send messages to the brain, the brain can also send messages to 
the gut microbes through the same pathway (Bonaz, Bazin, & Pellissier, 2018).  

2.2 The Microbiome and Aging 
 One of the many factors attributed to a change in the microbiome is aging. There are 
extensive studies which show that the gut bacteria in particular change drastically during the 
aging process. This change is progressive and gradual, mimicking the aging process itself 
(O’Toole & Jeffery, 2015). There are obvious life changes that can occur during the aging 
process that can affect the microbiome, such decreased physical activity, drug treatments, and 
increased antibiotic use. Many studies point to the decrease in intestinal mobility as a key factor 
in age-related diseases because this change can allow for overgrowth of bacteria in the 
intestines. In a recent review article, Riaz et al. summarizes conditions which the composition of 
the gut microbiome has been shown to influence, such as Parkinson's disease, rheumatoid 
arthritis, C. difficile infections, bone loss, and metabolic diseases, which are all common in the 
geriatric population (Riaz Rajoka et al., 2018). 

It is unclear whether these gut microbiome changes direct aging or are a byproduct of 
the aging process. Preliminary studies in C. elegans and Drosophila have supported the 
hypothesis that bacterial interactions with cells can both increase and decrease longevity. 
These studies, however, have not been completed to show a similar reaction in human cells 
(Heintz & Mair, 2014). 
 Additionally, gut microbes have been shown to be related to the progression of several 
diseases which are common among the elderly population, such as diabetes, fatty liver disease, 
osteoporosis and some cancers. All of these conditions can drastically affect the daily lives of 
the elderly patients (Shimizu, 2018). Another review article poses the possibility of using the 
microbiome as a strategy to alter the effects of specific diseases (Zapata & J Quagliarello, 
2015).  

2.2.1 Long-term Care Facilities and The Microbiome  
         Currently in the United States, about six percent of elderly adults are cared for in long-term 
care facilities. These older adults tend to have medical issues and dependency issues which 
exceed the family’s ability to care for the older adult (Center for Disease Control, 2017). A 
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change in the living environment can affect the microbiome, and thus health. Living in these 
faculties, older adults live in close contact with many other people with different medical 
conditions and are subject to a diet which, in most cases, has low fiber and high fat contents 
(Haran, Bucci, Dutta, Ward, & McCormick, 2018). A previous study conducted by the University 
of Massachusetts Medical School showed that gut and fecal microbiomes of patients on the 
same floor were very similar compared to patients living on a different floor within the same 
facility. This study also showed a relationship between decreased diversity in the gut 
microbiome and overall frailty. Another finding of this study was that the microbiomes of the 
residents of long-term care facilities was relatively stable unless interrupted by antibiotics 
(Haran, Bucci, Dutta, Ward, & McCormick, 2018). 

2.3 Alzheimer’s Disease and Dementia  
Dementia is a term used to describe a set of symptoms including impaired memory, poor 

judgement and reasoning skills, and decreased focus and attention. Dementia itself is not a 
specific disease. Alzheimer’s Disease (AD) is the most common and well-known form of 
dementia, although other forms of dementia exist including frontotemporal dementia, 
Parkinson's dementia, and vascular dementia (Hill et al., 2014). All of these diseases are 
characterized by decreased cognitive function. As the most prominent form of dementia, 
Alzheimer’s Disease has been studied greatly. Through these investigations it has been found 
that about thirty to fifty percent of cases have a genetic component, which includes specific 
genes which predispose individuals to AD (Breitner, Silverman, Mohs, & Davis, 1988). 
Accordingly, fifty to seventy percent of AD are sporadic, having no predisposition. Eight key 
characteristics of AD have been identified as follows: “uncontrolled oxidative stress, up-
regulated pro-inflammatory signaling, changes in innate-immune signaling, progressive 
accumulation of lesions, synaptic signaling deficits, neurite and brain cell atrophy, altered gene 
expression patterns that are different from healthy brain aging, and progressive cognitive 
impairment and dementia” (Hill et al., 2014). These characteristics are all also seen as side 
effects of microbial infections. Through many recent studies examining the relationship between 
the microbiome and neurological function, the microbiome has been shown to have a profound 
impact on the central nervous system, cognition, and behavior (Cryan & O’Mahony, 2011).  

 

2.3.3 Etiology of Alzheimer's Disease  
 Currently, there are three hypotheses about the etiopathogenesis of Alzheimer's 
Disease: the cholinergic hypothesis, the amyloid cascade hypothesis, and the inflammation 
hypothesis (Sochocka, Zwolińska, & Leszek, 2017). The cholinergic hypothesis of Alzheimer's 
Disease proposes that the neurotransmitter acetylcholine and degradation of associated 
neurons cause Alzheimer's Disease. Acetylcholine has been shown to be important in memory 
and other cognitive functions of the brain. However, degradation of cholinergic neurons can be 
seen in many patients without Alzheimer's Disease (Francis, Palmer, Snape, & Wilcock, 1999). 
The amyloid cascade hypothesis proposes that the amyloid plaques and subsequent 
neurofibrillary tangles cause neuronal cell death which can cause Alzheimer's Disease. This 
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hypothesis has been supported and rejected by several studies, as amyloid plaques and 
neurofibrillary tangles can be seen in patients without Alzheimer's Disease, and a mechanism 
for how the two clinical findings cause neuronal death is unknown (Reitz, 2012).  

The inflammation hypothesis of Alzheimer's Disease proposes that a low-grade, chronic 
neuroinflammatory response induces apoptosis of cells in the brain by microglia and astrocytes 
and inhibits cellular repair mechanisms. Several pathogens have been identified as potential 
causes for neuroinflammation, including bacterial and viral species. The infection triggering the 
neuroinflammation could originate in almost any part of the body and spread to the brain 
through cytokines and other chemical messengers (Holmes et al., 2009).  

2.3.2 Symptoms and Diagnosis 
 The symptoms of Alzheimer's Disease include impaired memory, difficulty concentrating, 
problems finishing routine tasks, confusion regarding time, visual and spatial difficulties, 
language problems, social withdrawal, and mood changes. These symptoms can be evaluated 
through cognitive tests, neuropsychological tests, and interviews with friends and family. With 
the onset of these symptoms, doctors generally perform a physical examination to rule out other 
conditions, and may conduct laboratory and brain-imaging tests to confirm the diagnosis 
(Dubois et al., 2007) 

 Historically, a large issue with diagnosing all forms of dementia was that the diagnosis 
was made too late and thus there were no treatment options. Studies have shown that many 
forms of dementia, including Alzheimer's Disease, begin years before the traditional symptoms 
begin. This time period is called the preclinical phase. If the disease is caught and diagnosed 
during this phase, interventions may be taken in order to slow the progression of the disease. 
(Sperling et al., 2011) 

Additionally, in some cases, once a person shows the symptoms of Alzheimer’s 
Disease, a diagnosis may be given without thorough investigation. Without brain-imaging and 
other diagnostic tools, the diagnosis of Alzheimer's Disease may be incorrect and interfere with 
treatment. Additional research into prevention and treatment of Alzheimer's Disease has 
decreased the incidence of faulty diagnosis, as there is now an emphasis on diagnostic 
accuracy (Gaugler et al., 2013).  

A large number of diagnoses of Alzheimer's Disease are determined post-mortem 
through autopsies of the brain. Two clinical signs of Alzheimer's Disease are the presence of 
amyloid plaques and neurofibrillary tangles in the neurons of the brain. While the presence of 
these two findings have been linked to Alzheimer's Disease, there is little evidence which 
supports that these findings are the direct cause of the symptoms of the disease (Guillozet, 
Weintraub, Mash, & Mesulam, 2003). These findings, however, have allowed for several 
diagnostic and treatment endeavors. By tracking the presence of the amyloid plaques and 
neurofibrillary tangles, the progression of the disease may also be able to be tracked in 
accordance (Guillozet, Weintraub, Mash, & Mesulam, 2003).  

2.3.3 Cognitive Testing  
Cognitive scales are useful tools for diagnosing and monitoring dementia as many 

people will show varying signs of cognitive decline at different points of time. These 
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assessments should be valid, reliable, and objective (Sheehan, 2012). Assessing the cognitive 
function of patients with Alzheimer's Disease and other forms of dementia is essential for 
creating and testing therapies. Some of the most common cognitive assessments are the Mini-
Mental State Exam (MMSE), the Brief Interview for Mental Status (BIMS), and the Clinical 
Dementia Rating (CDR). The MMSE consists of 11 directed questions and gives the participant 
a score out of 30 points. Using the MMSE, a score of 24 points or greater is considered normal, 
and a score of less than 24 points is abnormal. A score of between 18 and 23 points indicates 
mild cognitive impairment, and a score of 17 points or less indicates severe cognitive 
impairment. Furthermore, a score of less than 21 points indicates an increased odds of 
dementia. The MMSE is recognized nationally as a valid cognitive exam (Tombaugh & McIntyre, 
1992). The BIMS assessment uses direct, performance-based questions to analyze the recall 
and temporal orientation of a participant. Strict grading criteria allow for participants to be given 
a score out of 15 total points. On this scale, a score of seven or less is considered severely 
impaired, a score of between 8 and 12 is considered mildly impaired, and a score of more than 
13 is considered cognitively intact (Saliba et al., 2012). The CDR is a five-point assessment 
which assesses six domains of cognitive function; memory, orientation, judgement and problem 
solving, community affairs, personal care, and home and hobbies. The CDR is completed after 
a semi-structured interview with the participant. The examiner gives the participant a score from 
0 to 3 based on the given prompts with consideration only to cognitive decline. The scores for 
each domain are then entered into a tabulation software available online and a final score is 
given. A score of 0 represents normal cognitive function, a score of 0.5 represents very mild 
dementia, a score of 1 represents mild dementia, a score of 2 represents moderate dementia, 
and a score of 3 represents severe dementia (Hughes, Berg, Danziger, Coben, & Martin, 1982). 

The National Institute of Health (NIH) released a comprehensive neurobehavioral exam 
which measures motor, emotional, sensational, and cognitive abilities of the participants (NIH 
Toolbox). Participants between the ages of 3 and 85 years of age are asked to complete a set 
of assessments on an iPad. The assessments should take less than 30 minutes and provide an 
accurate report of the neurobehavioral function of the participant (Weintraub et al., 2013).  

 

3.0 Materials and Methods 
 In order to assess the microbiome and cognitive state of individuals living in long-term 

care facilities, the participants first gave their consent to be a part of the study and then 
cognitive exams were performed, stool samples were collected, and laboratory assays were 
conducted and analyzed.  

3.1 Consent 
 Residents from three units of two long-term care facilities in Worcester were included in 
this study. The study was approved by the Institutional Review Board of the University of 
Massachusetts Medical School. Additionally, the facility managers and staff of the long-term 
care facilities agreed to aid in the data collection of the study.  The inclusion criteria for the 
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studies specified that only English-speaking adults over 65 years of age living in a long-term 
care facility can participate in the study. Additionally, participants must be able to understand 
and give informed consent to be able to participate in the study, or have a legal health care 
proxy enacted, who can understand and give informed consent on their behalf. Lastly, the 
participants must be comfortable with the procedural protocol of the study. A preliminary chart 
review revealed that almost all residents in the units were candidates for the study. Those who 
were not candidates for the study were those who could not understand English in order to 
consent.  
 For both the cognitively-able residents and the health care proxies, the goal of the study 
and the expectation of participants was described in detail. During the consenting process, the 
cognitively-able residents or health care proxies signed a consent form and a release of health 
information form (See appendices A and B), which would allow the UMass Medical Center staff 
to have access to the medical and demographic information of the residents. Once enrolled, 
each participant was given an identification number. All rules set forth by HIPPA were followed. 
The privacy of all residents was upheld.  

3.2 Sample and Data Collection  
Once residents were enrolled in the study, the staff were instructed to begin collecting 

stool samples once every 2 weeks for 90 days. A freezer was supplied to each wing and was 
stored in a locked soiled utility room. The staff of the facility were supplied the collection 
materials and shown the proper technique for collecting the samples as well as labelling and 
recording the samples. The samples were transported from the facility to UMass Medical School 
in Biohazard coolers.  
 Chart reviews were performed following sample collection. Demographic and medical 
information was gathered following study guidelines (see appendices C and D). The BIMS score 
was taken from the chart review, as all of the facilities utilized it as a cognitive assessment (See 
appendix E). The initial cognitive status of the participants was assessed using the Mini-Mental 
State Exam (See appendices F and G). After the assessment, each participant was given a 
clinical dementia rating (CDR, See Appendix H). The information from these interviews was 
further investigated through chart reviews.  

 Further cognitive testing was done using assessments from the NIH Toolbox on an 
iPad. Five assessments from the NIH Toolbox inventory were used: a pattern sequence 
memory test, a vocabulary comprehension test, a picture comparison exam, a list sorting 
working memory exam and a dimensional change card sort exam (See Appendices I, J, K, L, 
and M). The NIH Toolbox uses the participant's age, highest level of education and handedness 
in order to tailor the questions of some assessments to the individual. All identifiable participant 
information was coded in the iPad. To access the participant information on the NIH Toolbox 
app on the iPad, a 4-digit password was required.  

3.3 Analysis 
 The analysis of the stool samples was performed by the primary investigator of the 
study, Dr. John Haran and an off-site institution. All samples were stored at -80 C until the 
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analysis was performed. Sample processing and analysis was conducted as previously 
demonstrated in Haran et al. 2017. Interpretation of cognitive exam results was done through 
the REDcap and the Prism systems. Interpretation of microbiome sequencing was completed as 
in Haran et al. 2017.  
 

4.0 Results  
A total of 16 participants were included in this observational study. With this small 

sample size, it is not possible to draw conclusions from the data, however, further studies can 
show trends and associations between cognitive assessments, stages of cognitive decline, and 
the microbiome, as well as other medical conditions. Not all participants completed all cognitive 
assessments or gave stool samples to be analyzed for microbiome data.  

 
Figure 1: Participant Demographics  

A. The genders of the participants based on the medical electronic record system. B. The age 
ranges of the participants. C. The ethnicities of the participants. D. The highest levels of 

education of the participants as recorded in the electronic medical record system. 
 

While the small sample size does not allow for any conclusions to be drawn from the data, 
simply acquiring more participants will not solve the problem. This sample is not representative 
of the population and thus conclusions cannot be drawn from the data. As seen in figure 1A and 
1B, the majority of the participants in the study were females between the ages of eighty and 
ninety-nine years of age. As seen in figure 1C, the participants were predominantly white and not 
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of Hispanic descent. There was, however, a range of highest levels of education from high school 
to master’s degree. In order to establish a sample which is representative of the population, more 
men, people aged from sixty to seventy-nine years of age, and people with different ethnic 
backgrounds must be included in the study. 
 

4.1 Cognitive Assessments  
 Each of the participants was assessed cognitively using the previously mentioned 
methods. The participants were grouped according to dementia diagnosis, forming four groups: 
participants diagnosed with Alzheimer’s Disease, participants diagnosed with vascular 
dementia, participants diagnosed with unspecified dementia, and participants without a 
recorded dementia diagnosis. These diagnoses were identified through the electronic medical 
record system of the long-term care facility. Due to the small sample size, trends cannot be 
determined. The majority of participants were diagnosed with unspecified dementia. Only two 
participants were diagnosed with Alzheimer's Disease. The results obtained are presented in 
the following figures.  
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Figure 2: BIMs Scores  
The total BIMS score and recall and orientation domains based on the information in the electronic 
medical system presented as groups of participants with diagnosed dementia, Alzheimer’s Disease, 

Vascular Dementia, or unspecified, compared to participants with no recorded dementia diagnosis. The 
center bar represents the mean of the data points in the subgroups and the bars above and below 

represent the standard deviation from the mean.   
 
 As part of the procedures of the long-term care facility, a BIMS assessment is completed 
for each resident at least once every four months. The results of these assessments were 
recorded in the electronic medical system with the total scores and individual responses, as 
shown in Appendix E. Assessments were completed by long-term care facility staff and not 
repeated by study coordinators. The total score of the BIMS is reported as a number out of 15 
total points. A total score of between 13 and 15 denotes a cognitively intact participant, a score 
of between 08 and 12 denotes moderate impairment, and a score of between 00 and 07 denotes 
severe impairment. Additionally, the two domains can be assessed separately, as the temporal 
orientation domain has a total of 7 possible points and the recall domain has a total of 8 possible 
points.  

As can be seen in Figure 2, there is great variation of the scores in each of the groups of 
participants; one participant with a diagnosis of Alzheimer’s Disease scored very highly on the 
BIMs while another scored very low, and similarly, several participants without a dementia 
diagnosis scored very well but another participant scored very low. In the future, adding more 
participants to the study could show a marked difference between the average scores for 
participants with a dementia diagnosis and for participants without a dementia diagnosis as well 
as between the different forms of dementia. Additionally, the BIMS score can be tracked long-
term to show cognitive decline and track participants based on when the diagnosis was given.  
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Figure 3: MMSE Scores  

The total MMSE score and subdivided domains based on the information gained from a structured 
interview as groups of participants with diagnosed dementia, Alzheimer’s Disease, Vascular Dementia, or 

unspecified, compared to participants with no recorded dementia diagnosis. The center bar represents 
the mean of the data points in the subgroups and the bars above and below represent the standard 

deviation from the mean.   
 
 Each participant was assessed using the MMSE during a structured interview with a study 
coordinator and scored according to the sheet in Appendix G. The MMSE gives a total score out of 30 
which can be broken down into three main results; a score of more than 24 denotes normal cognitive status, 
a score of between 18 and 23 denotes mild cognitive impairment, and a score of less than 17 denotes 
severe cognitive impairment. Additionally, the scores can be assessed according to the domains for which 
the MMSE tests; the recall domain has a  maximum point value of 3, the orientation domain has a maximum 
point value of 10, the registration domain has a maximum point value of 3, the language and praxis domain 
has a maximum point value of 9, and the attention and calculation domain has a maximum point value of 
5. The assessment was completed once during the study time-frame. Similar to the BIMS assessment, the 
sample size is too small to be able to see trends within the four groups of participants. Most participants 
from all groups scored a total of three on the registration domain of the MMSE. Like the BIMS, the MMSE 
can be used to track cognitive decline and more specific changes to cognition as there are more domains 
tested.  
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Figure 4: CDR Scores  
The total CDR score and subdivided domains based on the information gained from a semi-structured 

interview as groups of participants with diagnosed dementia, Alzheimer’s Disease, Vascular Dementia, or 
unspecified, compared to participants with no recorded dementia diagnosis. The center bar represents 

the mean of the data points in the subgroups and the bars above and below represent the standard 
deviation from the mean.   

 
  

The CDR was completed by a study coordinator after other cognitive assessments were 
completed and scored according to the chart in Appendix H. The CDR records a rating out of 3 
total points in 6 different domains and then computes an overall score. Each of the domains is 
scored based on the participant’s ability to complete certain tasks, influenced solely by their 
cognitive capabilities. An online CDR tabulator weights the domains and computes a total score 
out of 3. A score of 0 indicated no dementia, a score of 0.5 indicates questionable dementia, a 
score of 1 indicates mild dementia, a score of 2 indicated moderate dementia and a score of 3 
indicates severe dementia. As with the other cognitive assessments, there is great variation within 
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the assessments. Subsequent CDR assessments can readily track the progression of cognitive 
decline as one score relates to each of the six domains. 

 
Figure 5: NIH Toolbox Scores  

 The cognitive scores obtained from the assessments of the NIH Toolbox. Scores are reported as 
the uncorrected standard score or the raw score. The scores are presented as groups of participants with 
diagnosed dementia, Alzheimer’s Disease, Vascular Dementia, or unspecified, compared to participants 
with no recorded dementia diagnosis. The center bar represents the mean of the data points in the 
subgroups and the bars above and below represent the standard deviation from the mean.   
 
 Each of the participants was asked to complete five cognitive assessments from the NIH 
Toolbox. Each assessment had specific rules and directions as outline in appendices I, J, K, L, 
and M. Many participants did not complete all five assessments due to time restrictions, 
participant refusal, or inability to complete the tasks of the assessments due to medical 
conditions. The scores for the NIH Toolbox are reported as either the raw score for the picture 
sequence memory test or as the uncorrected standard score for the other tests, because many 
of the participants are older than the validated age of the NIH Toolbox, and therefore their 
results cannot be related to either the population as whole or others of their age. Though in the 
future, using the NIH Toolbox may allow for comparison between the participants and the 
population as a whole and other with similar features, right now the results can only be 
compared to the other participants in the study. Additionally, for the picture sequence memory 
test, any participant over the age of 85 received a score of 0 regardless of their performance on 
the assessment. 
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4.2 Comparison of Results  
  While all of these assessments were used to identify and define the cognitive decline of 
the participants in the study, the results of the CDR, BIMS, and MMSE can all present the 
results in terms of dementia progression with similar scoring systems. The CDR simply gives a 
number which relates to the cognitive abilities of the participant. A score of zero denotes no 
dementia, 0.5 denotes very mild dementia, 1 denotes mild dementia, 2 denotes moderate 
dementia, and 3 denotes severe dementia. For the purposes of comparison, the CDR scores of 
less than 1 represent mild dementia to cognitively intact.  
 The BIMS assessment gives a total score out of 15 points. A score of between 13 and 
15 denotes cognitively intact participants, a score of between 8 and 12 denotes moderate 
cognitive impairment, and a score of less than 7 denotes severe cognitive impairment. 
Accordingly, the three categories of cognitive status, intact, moderate impairment, and severe 
impairment, can be given a score of 1, 2, and 3 respectively in order to be compared to the 
results of the CDR, which can be seen in Figure 6.  
 

 
Figure 6: Differences in Cognitive Classifications Between the BIMS and CDR 

The differences between the classifications of cognitive abilities of the participants, as either cognitively 
intact, mildly impaired, or severely impaired. The assessments were used on all participants and the 

results of the CDR were compared to the results of the BIMS. The x-axis shows the change in the scores 
from the BIMS to the CDR. 0 refers to no change in classification, 1 refers to an addition of 1 to the score 

from the BIMS, 2 refers to an addition of 2 to the score of the BIMS.  
 
 When comparing the results of the BIMS to the results of the CDR, the same 
classification was given 37.5% of the time. Mostly, the CDR over-classified the participant’s 
dementia states, as 62.5% of the cases, the CDR score was either one or two points greater 
than the BIMS score.  

The results of the MMSE can be compared similarly. The MMSE assessment gives a 
total score out of 30. A score of greater than 24 denotes cognitive intact participants, a score of 
between 18 and 23 denotes mild cognitive impairment, and a score of less than 17 denotes 
severe cognitive impairment. Just as with the BIMS, these results, intact, mild impairment, and 
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severe impairment, can be given a score of 1, 2, and 3 respectively in order to be compared to 
the results of the CDR and BIMS. The comparison of the MMSE to the BIMS and CDR can be 
seen in Figures 7 and 8.  
 

 
Figure 7 

The differences between the classifications of cognitive abilities of the participants, as either cognitively 
intact, mildly impaired, or severely impaired. The assessments were used on all participants and the 
results of the CDR were compared to the results of the MMSE. The x-axis shows the change in the 

scores from the MMSE to the CDR. 0 refers to no change in classification, and 1 refers to an addition of 1 
to the score from the MMSE.  

 
 When comparing the MMSE and the CDR, the classifications of the two assessments were 
the same 56.25% of the time. The other 43.47% of the cases, the CDR score was one greater 
than the score of the MMSE. Overall, the CDR seems to give classifications of dementia more 
readily than the BIMS or MMSE.  
  

 
Figure 8 

 The differences between the classifications of cognitive abilities of the participants, as either 
cognitively intact, mildly impaired, or severely impaired. The assessments were used on all participants 
and the results of the MMSE were compared to the results of the BIMS. The x-axis shows the change in 
the scores from the BIMS to the MMSE. 0 refers to no change in classification, and 1 refers to an addition 
of 1 to the score from the BIMS, and -1 refers to a subtraction of 1 from the score from the BIMS. 
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 When comparing the BIMS and MMSE, the scores of the two assessments were the same 
62.5% of the time. Otherwise, the MMSE usually gave a score of one greater than that of the 
BIMS, but on one occasion gave a score of one less than the BIMS score.  

4.3 Cognition and the Microbiome 
 The dementia diagnoses from the BIMS, MMSE, and the raw score from the  Picture 
Sequence Memory Test of the NIH Toolbox were combined with the principal components of the 
microbiome composition and plotted on PCA plots as shown in Figure 9. As with the results 
from the cognitive scores, the sample size was too small to draw concrete conclusions about 
the relationship between the dementia diagnosis and the composition of the microbiome. 

 
 

 
Figure 9: PCA Jaccard-Type Beta Diversity Plot of Dementia Diagnoses from Different 

Assessments  
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The principal components of the analysis of the microbiome composition plotted against 3 difference axes 
19.64%, 14.20%, 12.03%, colored coded by dementia diagnosis from the A. BIMS assessment, B. MMSE 

assessment and C. the Raw Score from the Picture Sequence Memory Test of the NIH Toolbox.  
 

 The points in close proximity to each other indicate similarities between the composition 
of the samples. In all three plots, there is a cluster of four points which are all close in proximity, 
indicating similar microbiome compositions, but these points have different dementia diagnoses 
ranging from no dementia to severe dementia depending on the assessment. There are two points 
which are very distant from the others, which indicates very limited similarities between the 
microbiome composition.  
 The similarities in the composition of the microbiome could be due to the fact that many 
of the participants of the study live in close proximity on the same wing of the long-term care 
facility. It has been shown in previous studies that the compositions of microbiomes of long-term 
care facility residents tends to be similar among those living in the same wing (Haran, Bucci, 
Dutta, Ward, & McCormick, 2018). Additionally, many of the residents took antibiotics during the 
course of the study, which could account for the extreme outliers seen in Figure 9. In order to 
draw conclusions about the composition of the microbiome and dementia status, a much larger 
sample size including residents from more facilities.  

4.4 Future Evidence  
 The largest drawback of this study was the small and unrepresentative sample which did 
not allow for any conclusions to be drawn. Looking forward, one goal of the study is to include 
more participants with a more representative sample. Additionally, performing cognitive 
assessments on the participants on a set schedule will allow for more accurate tracking of 
cognitive decline and relate the decline to the microbiome. Ideally, the stool sample and the 
cognitive assessments would be collected and completed within a week of each other, in order 
to accurately relate the two.  
 When looking at the results, it is hypothesized that there will be a difference in either 
diversity or presence of certain strains of bacteria in the microbiomes of the participants with 
Alzheimer’s Disease compared to the participants with other forms of dementia or without a 
diagnosis of dementia. These results could be seen in a PCA plot similar to the plots seen in 
Figure 9. In order to say that the composition of the microbiome and the dementia diagnoses 
are related, the plot would show clusters of points with similar compositions with the same 
dementia diagnosis. With the information from the PCA plots, the similar microbiomes could be 
compared to identify the strains the samples have in common. These strains could then be 
further studied for their possible influence on cognitive status.  

Additionally, within the group of participants with Alzheimer's Disease, the changes in 
the gut microbiome could also be tracked with any changes in the cognitive function. Either the 
similarities in the microbiome composition or the changes related to cognitive status could allow 
for more investigation into specific microbial influences on Alzheimer’s Disease and potentially 
support the inflammatory hypothesis of Alzheimer’s Disease. 
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5.0 Discussion  

5.1 Cognitive Testing  
 While drawing concrete conclusions about the use of the different cognitive exams to 
track cognitive decline in Alzheimer’s and dementia patients is difficult using the results from this 
study, there are still meaningful observations about the different exams which can be noted. The 
most striking differences between the exams were the ease of administration, the reactions of 
the participants, the depth of information gained, and the ease of interpretation of the results. 
 

5.1.1 Ease of Administration 
First, the ease of administration of the different exams was variable. The BIMS 

assessment is the easiest to preform and score as there were only three questions with very 
detailed instructions for scoring. The CDR was also fairly easy to perform as there weren't 
specific questions that needed to be asked, rather through a semi-structured interview the study 
coordinator was able to gain insight into the participant’s cognitive ability. While it was easy to 
complete the interview, the scoring system was more difficult and up to the discretion of the 
examiner to decide the points based on loose guidelines. The MMSE was easy to administer as 
there were set questions and a straightforward scoring guide. The questions on the MMSE were 
more extensive than the questions on the BIMS and required additional equipment, such as 
scrap paper, a pen, and possibly a clipboard. The exams on the NIH Toolbox were by far the 
most difficult to administer as there was extensive equipment, set-up, and directions for each 
exam. The exams of the NIH Toolbox were also the longest of the cognitive exams given with 
each of the five exams taking between seven and twenty minutes to complete.  
 

5.1.2 Participant Reactions  
Performing the cognitive exams with the participants could be challenging depending on 

the reactions of the participants. Explaining the purpose of the questionnaires at times had 
participants feeling pressured to do well and caused anxiety. The CDR causes the least amount 
of stress on the participants since through the semi-structured interview, there were not strict 
correct or incorrect answers. During the other exams, however, the participants understood that 
they were being assessed. The BIMS assessment was completed by the facility staff and 
therefore the participants reactions could not be gauged. During the MMSE, some participants 
who did poorly on the beginning question seemed to be distressed and the drawing activity was 
a bother to others. The NIH Toolbox was not well received by the participants as the population 
was not familiar with the use of iPads and the exams were very skill-based.  
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5.1.3 Results of Examinations 
The examinations also differed in the amount of information which could be obtained and 

the ease of interpretation of the results. The BIMS, MMSE, and CDR all had simple results 
which could be interpreted readily. Each of these exams came with a score interpretation guide 
which explained the meanings of different scores. The NIH Toolbox did not come with such a 
score, and instead reported scores for different exams with different measurements, such as the 
uncorrected standard score, corrected standard score, raw score, and T score, which were all 
explained in a lengthy interpretation guide. While the BIMS, MMSE, and CDR can all be readily 
interpreted with limited training, interpreting the results of the NIH Toolbox exams requires far 
more effort and training.  

As can be seen in Figures 2, 3, 4 the BIMS, MMSE, and CDR are comprised of different 
domains which correspond to different cognitive abilities. For example, the BIMS score 
combines two cognitive domains, recall and orientation. The MMSE is comprised of five 
cognitive domains, and the CDR is comprised of six cognitive domains. With sequential 
assessments, the cognitive decline of participants can be tracked and categorized depending on 
the scores within the different domains, which can be very useful. The different assessments of 
the NIH Toolbox also test the different elements of cognition but tracking the scores for the 
different domains is more difficult as many of the assessments combine two domains and the 
domains are not readily available.  

5.1.4 The NIH Toolbox as a Dementia-Tracking Assessment  
While the BIMS, MMSE, and CDR were all designed to assess the cognitive status of 

dementia participants, the NIH Toolbox was designed to provide a concise and validated 
neurobehavioral exam for people between the ages of 3 and 85. Only 5 of the 16 participants of 
this study were  85 years of age or younger, and thus had validated scores. For some of the 
exams, mostly the pattern sequence memory exam, no data could be assessed for participants 
over the age of 85. When asked, the NIH Toolbox representative explained that verification of 
the NIH Toolbox for participants over 85 is being conducted. The iPad used during this study 
was not included in the verified tools to conduct the assessments. The screen size of the iPad 
was too small. Several participants verbalized that seeing the pictures or words on the iPad was 
difficult. 
         Many participants were reluctant to use the iPad as they did not have much experience 
with similar technology. Accordingly, the participants required assistance from administrators to 
complete the exams. For instance, the examiner would have to press the buttons on the iPad for 
participants who were unable to. Two of the 5 assessments, the pattern comparison exam and 
the dimensional change card sort exams, indicate that the examiner cannot assist the 
participant as reaction time was a factor in the analysis. For the best results, the exams should 
be completed during the same sitting. For the population of the study, the assessments were 
broken into time periods. Still, many participants requested to stop after one of the 
assessments. Exams were thus given on multiple occasions spread out over time periods 
ranging from weeks to months. The order in which the exams were given fluctuated as some 
exams caused more stress than others. 
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Additionally, many of the participants of the study could not be assessed using the NIH 
Toolbox for a variety of reasons. The participants of the study living on the specified dementia 
unit of the facility were not cognitively able to understand the directions of the exams. Other 
participants were nonverbal and thus unable to complete exam which require speaking, mostly 
the dimensional change card sort exam. Physical incapacities including arthritis and post-stroke 
weakness prevented other participants from completing some exams as they were unable to 
work with the iPad screen. In some cases, such as the picture comparison test, if a participant 
was unable to press the screen, the assessment would not be able to be performed at all 
because reaction time was monitored by the assessment. Thus, conditions other than just 
cognition dramatically affected the results of the exams. With the other exams, other conditions 
could affect the results, but not to as great of an extent.  

5.2 Cognition and the Microbiome  
 Only a small portion of the participants of the study provided stool samples for analysis 
of the microbiome. There are notable factors from the collection which can affect the results of 
the analysis and may need to be addressed at a later time, such as the confounding factors of 
the study and the sample collection.  

5.2.1 Confounding Factors 
 While the small sample size prevents any conclusions from being drawn from the data in 
the study, there are other factors from the microbiome analysis which may affect the results as 
well. Of the participants in the study, 14 of the sixteen reside in the same long-term care facility, 
on two separate wings. Two other participants reside in another facility on the same wing. There 
is evidence that microbiomes of individuals in the same environment, inferring the same wing of 
the same facility, are very similar. Having participants from three different wings introduces a 
confounding factor. Including more participants from the same wings as these participants could 
negate this as the microbiomes of the individuals from the different wings could be compared.  
 As part of the initial chart review, the amount of times the participants were administered 
antibiotics during the past year was recorded. Since antibiotics can have a drastic effect of the 
composition of the microbiome, it was important to track the administration of antibiotics to study 
participants.  During the study, two of the participants were given antibiotics. One participant 
was on antibiotics immediately before the stool sample was collected, which could affect the 
diversity and composition of the microbiome. While it is important to track the administration of 
antibiotics, it cannot be controlled in the study as the participants must be treated for any 
illnesses they may have during the study. In the future, any participants that are given antibiotics 
during the study should have additional samples collected following the antibiotics to allow 
sufficient time for the microbiome to reconfigure.  

There are additional human factors, other than taking antibiotics, which can affect the 
results of the study. The diets and activities of the participants were not regulated during this 
study. These differences among the participants introduce other confounding variables into the 
study. In the future, these confounding variables will still be present as there are limited ways to 
account for the varying activity levels and diets of the participants.  
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5.2.2 Sample Collection 
 The frequency of sample collection was not strictly enforced. Although samples were 
intended to be collected once every 2 weeks for 90 days, staff at the facility did not prioritize 
sample collection and thus samples were collected infrequently. Dates and times of samples 
were collected and stored. Accordingly, the samples were not taken on the day that the 
assessments were conducted, and sometimes sample collection and cognitive assessments 
were several weeks apart.  
 In the future, the cognitive assessments and stool samples should be coordinated so 
that an accurate snapshot of the participant’s cognitive status and microbiome composition can 
be analyzed. The samples should also be consistently spaced to be able to track the change in 
cognition over time and relate it to a disease course. The accuracy of the sample collection will 
also allow for tracking environmental and health effects on the microbiome and cognition. 
 
 

6.0 Recommendations  
 In order to obtain results which could support or reject the inflammation hypothesis of 
Alzheimer’s Disease, changes to several aspects of the study should be made. First, many 
more participants must be recruited to be a part of the study to ensure that there is a 
representative population. For this to be possible, the study must expand into many long-term 
care facilities to ensure a diverse population. Also, more participants with a diagnosis of 
Alzheimer’s Disease must be included for the results to be able to relate back to the disease.  
 With the representative population, the sample collection must be standardized. While a 
collection schedule was created, the staff of the facilities did not follow through with collection of 
stool samples. In order to obtain meaningful results, the samples must be collected on a regular 
basis. Additionally, the cognitive assessments should follow the sample collection in order to 
provide an accurate correlation between the cognitive status and microbiome. A reward system 
for the staff of the facilities could be enacted in order to motivate the staff to collect samples 
when indicated.  
 Similar to the sample collection, the cognitive assessments should be standardized as 
well. Using eight cognitive tests was time consuming for both the study coordinators and 
participants. In order to complete the assessments within a timeframe close to sample 
collection, all cognitive assessments cannot be conducted. For this study, using the MMSE 
would be sufficient in order to track the cognitive decline of the patients. The MMSE is easy and 
quick to administer to participants, allows for tracking of six cognitive domains, and is not 
repetitive with the procedures of the facilities.  
 While this project did not result in concrete evidence to support to reject the inflammation 
hypothesis of AD, insights from the project can be utilized in the future to continue this important 
work.  
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B. Authorization for Medical Records  
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C. Study Enrollment Data 
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D. Comprehensive Assessment 
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E. Brief Interview for Mental Status (BIMS) Mental Status 
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F. Mini Mental State Examination  
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G. Scoring and Interpreting the Mini-Mental State Examination  
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H.  Clinical Dementia Rating 
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I. NIH Toolbox Pattern Sequence Memory Test 

 
 
 
 



50 

 
  



51 

 

J. NIH Toolbox Picture Vocabulary Test 

 



52 

 
 



53 

K.  NIH Toolbox Pattern Comparison Speed Processing Test 
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L. NIH Toolbox List Sorting Working Memory Test 

 



55 



56 



57 



58 



59 



60 



61 

 
 
 
 

 



62 

M. NIH Toolbox Dimensional Change Card Sort Test 
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