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ABSTRACT 

 
 

Course of Disease Progression and Time to Death Among Different Dementia  
 

Types in a Population-Based Study 
 

by 

Kaitlyn E. Kauzor 

Utah State University, 2024 

 

Major Professor: JoAnn T. Tschanz, Ph.D. 
Department: Psychology 
  

 Risk factors related to dementia onset have been well-described for 

Alzheimer's disease (AD), but less is known about disease course and mortality. This 

project aimed to describe factors associated with dementia type [AD, vascular dementia 

(VaD), or mixed presentations (AD-VaD, AD-Other, Non-AD dementia)], and identify 

modifiable and non-modifiable factors that influence disease course and mortality. Age, 

sex, family history, genetics (e.g. Apolipoprotein E (APOE)), and health conditions were 

examined. This project used extant data from the Cache County Study on Memory and 

Aging (CCSMA) and the ancillary study, the Cache County Dementia Progression Study 

(DPS).   

Males were more likely to be diagnosed with AD-Other and Other dementia, 

compared to females. Cardiovascular conditions were more common in those with VaD, 

and poorer health was associated with an increased risk of VaD and mixed dementia 

types (AD-Other) or non-AD dementias.  
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APOE ε4 was associated with lower cognitive scores while higher education and 

higher health ratings were associated with better cognitive and functional outcomes. 

Female sex and non-AD dementia were associated with lower MMSE scores. Males 

experienced a more rapid decline, five years post-diagnosis. Females with AD-Other 

dementia declined more rapidly on the MMSE for the first 7 years post-diagnosis. Those 

with AD-Other exhibited more rapid functional decline compared to those with AD. 

Males with AD-Other dementia or non-AD dementia alone experienced a more rapid rate 

of functional decline compared to females five or more years after diagnosis. Those with 

AD-Other, AD-VaD, and Other dementia, experienced poorer ADL functioning than 

those with AD alone. Later dementia onset age was associated with lower BMI on 

average. Shorter survival was found for AD-Other, VaD and Other dementia, compared 

to AD. Lower BMI was associated with higher risk of death.  

This study identified distinguishing characteristics among dementia diagnoses, 

and risk factors related to disease course and mortality. The study is unique in the amount 

of follow-up time acquired among a population-based sample and included forms of 

dementia beyond AD and VaD. This study emphasizes early intervention and provides 

important information to healthcare providers and families, as they anticipate patients’ 

unique disease course and beneficial interventions.    

(188 pages)  
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PUBLIC ABSTRACT 

Course of Disease Progression and Time to Death Among Different Dementia Types 

 in a Population Based Study 

Kaitlyn E. Kauzor 

Alzheimer’s disease (AD) is the most common type of dementia, Other types of 

dementia include vascular (VaD) and mixed forms, like AD with VaD, other mixed 

forms of dementia or dementia of unknown etiology (DUE). Research has focused on 

factors that may increase risk of developing dementia, with less understood about disease 

course. Factors associated with risk for developing dementia onset include age, female 

sex, family history of dementia, genetics (e.g. having the ε4 allele of the Apolipoprotein 

E or APOE gene), and various health conditions. This project used previously collected 

data from the Cache County Study on Memory and Aging (CCSMA) and the ancillary 

study, the Cache County Dementia Progression Study (DPS).   

This study found that among different dementia types, there were modifiable and 

non-modifiable risk factors associated with type. General health status was among the 

most important factors associated dementia type and with severity of cognitive and 

functional impairment. Specific health conditions associated with increased risk for VaD 

included cardiovascular and cerebrovascular issues. Among males, diagnoses of AD with 

Other dementia or non-AD dementia alone, showed more rapid rate of functional decline, 

compared to females. Functionally, those diagnosed with VaD, AD with another form of 

dementia, or non-AD dementia alone, experienced worse functioning over time. Those 

with AD with another form of dementia, AD with VaD, and those with Other dementia, 



vi 
experienced poorer overall functioning in ADLs than those with AD alone. Lower BMI 

was associated with a higher risk for mortality, while those with higher BMI displayed 

longer survival. Poor health status and low BMI were strong predictors of mortality. 

Being diagnosed with AD with Other dementia, and non-AD dementia alone, followed by 

VaD alone had the greatest morality risk compared to having AD alone.  

These results offer greater information on factors that influence dementia type and 

course, while providing possible avenues for intervention (e.g. managing specific health 

conditions). The identification of factors that influence mortality may inform healthcare 

providers’ of duration of dementia and mortality.   
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CHAPTER I: 

GENERAL INTRODUCTION 
 
 

Dementia prevalence is increasing as people live longer. The World Health 

Organization reported that 55 million people world-wide had dementia as of 2021, and 

that number is predicted to increase to 78 million by the year 2030 (World Health 

Organization, 2022). Alzheimer’s disease (AD), the most common type of dementia, 

accounts for around 60-80% of all cases of dementia (Alzheimer’s Association, 2019).  

Vascular and Diffuse Lewy Body (DLB) dementias are the next most common, 

accounting for 20% and 4-16% of dementia cases, respectively (Rizzi et al., 2014;  

Dementia Association, 2022). With each type of dementia comes a specific set of 

symptoms and characteristics, many of which present unique challenges as the disease 

progresses. This is not only relevant for the patient, but importantly, for their families, 

caregivers, and healthcare providers. While research has identified some patterns of 

decline among these dementias, several factors influence the course of disease 

progression.  The more that is understood about what factors influence dementia 

progression, the more informed health care providers, caregivers, and families can be to 

provide the best care possible.   

There are several factors typically examined when considering one’s risk for 

developing dementia, but less studied are the factors that specifically impact the course of 

decline as the condition progresses. Factors that have been linked to a more rapid disease 

progression include age of onset, sex, and level of education. Specifically, studies have 

reported a more rapid decline associated with early onset (prior to age 65) of AD and in 

those with lower levels of education (Buccione, 2007; Contador et al., 2016; Holland et 
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al., 2012). However, cognitive or neural reserve also suggests that higher levels of 

education may initially delay the identification of dementia, but ultimately result in more 

rapid decline after onset (Stern, 2012). Females have also been reported as experiencing a 

more rapid decline than males in those with dementia (Anstey et al., 2021), and 

specifically in AD (Henderson & Buckwalter, 1994; Ferretti et al., 2018).   

In addition to these demographic factors, clinical features such as 

neuropsychiatric symptoms (NPS) have been associated with disease progression and 

severity of decline, though the literature is inconsistent. One study found a higher 

endorsement of NPS to be linked to more severe cognitive decline (Vik-Mo et al., 2018), 

though others have reported varying associations of NPS with cognitive decline, 

depending on dementia type (Cerejeira et al., 2012). Severity of dementia at baseline is 

thought to be an influencing factor in NPS expression, and overall, AD has been 

associated with lower levels of NPS compared to other dementia types (Brodaty et al., 

2015). Other studies have even indicated shortened survival rates in individuals 

experiencing significant mood disturbances or elevated NPS (Choi et al., 2016; Huang et 

al., 2020).   

Family history of dementia and genetic factors are often examined in risk of AD, 

but generally have not been examined in the context of other forms of dementia and their 

progression. One study that aimed to examine family history as a factor in AD 

progression found no association (Ferrari et al., 2018). With respect to the AD risk gene 

of Apolipoprotein ε4 (APOE ε4), there is mixed literature on its role in disease 

progression. Several studies have reported a more rapid decline in AD for those who are 

APOE ε4 carriers (Albrecht et al., 2015; Rawle et al., 2018; Wilson et al., 2002), whereas 
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other studies reported no such association (Ferrari et al., 2017; Foster et al., 2013; 

Tschanz, 2011).   

While many factors discussed above are non-modifiable, there are also factors 

thought to influence decline that are considered modifiable. Health and medical 

conditions including diabetes, malnourishment, obesity, and vascular disease have not 

only been linked to risk for dementia onset (Kalaria, 2010; Kloppenborg et al., 2008; 

Knopman et al., 2018, Whitmer et al., 2005) but have been shown to influence disease 

progression (Sanders et al., 2018; Tschanz et al., 2013; Wengreen et al., 2009).  

Individuals with AD with poorer overall quality of health also tend to have poorer 

cognitive and functional outcomes (Leoutsakos et al., 2012).   

Considering all of the above factors is challenging and often complicated by 

barriers in collecting accurate data. Determining onset of dementia is not always straight 

forward, though studies aim to identify onset ages as accurately as possible. Recognized 

cases of dementia at a given time (prevalent cases) while useful, present difficulties in the 

estimation of onset ages due to errors in recall and the lack of recognition of subtle 

changes in symptom onset. Additionally, the course of decline in dementia is not 

necessarily linear, and thus the rate of cognitive decline, for example, may vary 

depending on where along the course of dementia the various assessments have occurred. 

Finally, many studies have examined clinical populations, and while convenient, results 

from these studies may not generalize to the broader population of persons with 

dementia. Given the lack of information on the course of dementia (particularly with 

respect to non-AD forms), and the role of various factors on progression, this study 

considered a variety of dementia types and the role of various non-modifiable and 
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modifiable factors on dementia course. In examining disease course, which has not been 

thoroughly examined across various forms of dementia, this study aimed to characterize 

duration of dementia (survival time) for various dementia types as well as factors that 

influence it. Importantly, this study also identified and classified by type, these 

characteristics in an older adult population with cases of dementia identified early in their 

disease course.  

 

 

 



5 
CHAPTER II 

COURSE OF DISEASE PROGRESSION AND TIME TO DEATH 

AMONG DIFFERENT DEMENTIA TYPES IN A 

POPULATION BASED STUDY 
 
 

Literature Review 
 
 

Alzheimer’s disease (AD) is the most common cause of dementia in late-life, 

accounting for 60-80% of all cases of dementia. In the United States alone, as of 2024, 

approximately 6.9 million people are living with AD (Alzheimer’s Association, 2024. 

The next most common cause of dementia is Vascular Dementia (VaD), followed by 

Diffuse Lewy Body Dementia (DLDB), accounting for roughly 20% and 4-16% of cases 

of dementia, respectively (Rizzi et al., 2014; Lewy Body Dementia Association, 2022). 

Patterns of symptom onset, progression, and duration of dementia vary by the underlying 

cause of the condition. AD is most often characterized by initial difficulties related to 

short-term memory (Braak, H. & Braak E., 1988), followed by impairment in language 

(namely word-finding), executive functioning and long-term memory (Mucke et al., 

2009; Perry et al.,1999), which coincide with impairments in independent activities of 

daily living (IADLs). VaD results from cerebrovascular disease, resulting in reduced 

circulation of oxygen to the brain (Khan et al., 2016). Executive function impairment is 

often the first prominent symptom of VaD, commonly exhibited by difficulty managing 

finances or occupational activities, as well as by increased confusion and forgetfulness 

(Smith et al., 2017). In contrast to AD and VaD, DLBD is characterized by early 

expression of neuropsychiatric symptoms (NPS) and motor symptoms, with progressive 
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deterioration of memory, and fluctuating cognitive status over time (Delenclos et al., 

2017; Larsson et al., 2018; Matar et al., 2019). More recently, diagnostic criteria were 

modified to include rapid eye movement (REM) sleep behavior disorder (Delenclos et al., 

2017; Matar et al., 2019) as a core feature. The occurrence of NPS is not a defining 

feature of DLBD as they are common in most forms of dementia (Vik Mo et al., 2018).  

In addition to differences in the onset of symptoms by dementia type, the overall 

course differs as well. The course of AD from onset to death ranges from 3.4- 5.7 years, 

as reported by previous studies (Barclay et al., 1985; Mölsä et al., 1986; Tschanz et al., 

2004). One study reported median survival times in AD by age groups as prior to 75 

years of age, 75 to 84 years of age and older than 85 years of age, with survival being 6, 5 

and 3.5 years, respectively (Brookmeyer et al., 2002). Updated statistics report by the 

Alzheimer’s Association in 2024 report that at 70 years of age, those with AD are twice 

as likely to die prior to the age of 80, compared to those without AD (Alzheimer’s 

Association, 2024). Some studies have indicated shorter survival times in DLBD than in 

AD, by a reported range of 2 to 3.5 years (Price et al., 2017; Magierski et al., 2010, 

Olichney et al., 1998), while others have reported no significant differences (Walker et 

al., 2000). VaD is often associated with shorter survival time (around 4 years post-

diagnosis) than AD, possibly due to challenges in managing the effects of 

cerebrovascular disease (Eizaguirre et al., 2017; Fitzpatrick et al., 2005). However, 

because individuals are often diagnosed years after disease onset, it is difficult to 

ascertain accurate survival times, which may contribute to variable results. Other factors 

such as medical comorbidities and age of dementia onset may also affect survival 

duration (Tschanz et al., 2004).   
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While risk factors for the development of AD and related disorders (ADRD) have 

been the topic of numerous studies (de Oliveira, 2014; Lindsay, 2002; Locke, 2009; 

Tschanz, 2013), less studied are factors that affect the rate of dementia progression (e.g., 

cognitive and functional decline as a function of time). Additionally, much of the 

information regarding decline among dementia types varies or has not been extensively 

characterized. Even within a single form of dementia such as AD, the rate of dementia 

progression can vary widely (Tschanz et al, 2011). Younger onset age (prior to age 65) 

has been linked to a more rapid disease progression in dementia (Buccione, 2007; 

Holland et al., 2012; Karen et al., 2019; Mungas, 2001; et al., 2009; Wattmo & Wallin, 

2017), as well as lower levels of education (Contador et al., 2016). Contador and 

colleagues (2016) found a more rapid rate of both cognitive and functional decline in 

individuals with lower levels of education. However, Stern (2012) suggests that under the 

cognitive reserve theory, those with higher education may experience later onset of AD, 

but a more severe/rapid decline.  Sex differences have been described in numerous 

studies, with many reporting a more rapid cognitive decline in women than men (Anstey 

et al., 2021; Henderson & Buckwalter, 1994; Ferretti et al., 2018; Koran et al., 2017; Lin 

et al., 2015).  Hippocampal and gray matter volume as well as general brain atrophy have 

also been shown to be more significant in females compared to males, in those with AD 

(Apostolova et al., 2006; Koran et al., 2017; Skup, 2011), though one study reported no 

difference between the sexes when measuring overall brain volume in individuals with 

AD (Edland et al., 2002). Ardekani et al. (2016) also reported more rapid progression of 

hippocampal atrophy in females with AD as compared to males with AD.    
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Family history of dementia and genetic factors have been linked to the 

development of AD (Donix et al., 2012; Kauwe et al., 2009; Locke et al., 2009; Paulson 

& Igo, 2011; Scarabino et al., 2016), but few studies have examined their role in 

dementia progression. Ferrari et al. (2017) published one of the few studies to examine 

family history of dementia as a factor of dementia progression. However, in a sample of 

81 individuals with possible AD (as determined by presence of an AD biomarker), 

followed for a minimum of 2 years, they found no significant associations between a 

positive family history of dementia and rate of cognitive decline. Notably, family history 

of dementia and rate of cognitive or functional decline has been virtually unexamined in 

other forms of dementia.   

With respect to genetic factors, the ε4 allele of the apolipoprotein (APOE ε4) gene 

is well established in the risk for AD (Albrecht et al., 2015; Launer et al., 1999; Lindsay 

et al., 2002; Liu et al., 2013; Rawle et al., 2018; Roses et al., 1993; Wilson et al., 2002).  

Many studies have also found a more rapid decline in AD among carriers of the ε4 allele 

(Albrecht et al., 2015; Rawle et al., 2018; Wilson et al., 2002), though several studies 

have reported no significant impact of this gene (Ferrari et al., 2017; Foster et al., 2013; 

Tschanz et al., 2011) on dementia progression. 

Clinical features such as NPS are associated with progression rates. Vik-Mo and 

colleagues (2018) demonstrated an association between higher endorsement of NPS in 

those with more severe cognitive decline. However, these findings are not consistent 

across the literature or among various forms of dementia (see review by Cerejeira et al., 

2012). Brodaty and colleagues (2015) showed that baseline dementia severity was related 

to severity of NPS, as well as dementia type, with frontotemporal dementia associated 
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with greater overall NPS, and AD associated with the lower levels of NPS compared to 

all other dementias. Other studies have supported similar findings, for example, Zahodne 

et al. (2015) found an association between higher levels of baseline psychosis and worse 

cognitive status, in those with mild AD. This study also reported more rapid decline in 

those with higher levels of psychosis and depression, at baseline. Mood symptoms 

(anxiety, apathy and dysphoria) have been associated with increased mortality in those 

with AD (Huang et al., 2020), and findings from Choi et al. (2016) suggest an increased 

risk for mortality among dementia patients with increased severity of NPS. Thus, greater 

severity of NPS may be an indicator of overall severity of dementia. 

While health or nutritional factors as a risk for dementia onset have been well 

described (Kalaria, 2010; Kloppenborg et al., 2008; Gottesman, 2018; Tschanz et al., 

2013; Wengreen 2009; Whitmer, 2005), it is less clear the degree to which these factors 

impact rate of decline after dementia onset. Poorer nutritional status has been associated 

with more rapid cognitive decline and functional impairment (Sanders et al., 2016) as 

well as shortened time to severe dementia and death in all-cause dementia (Sanders et al., 

2018). Leoutsakos et al. (2012) reported that persons with AD in poor-to-fair health 

compared to good or excellent health exhibited poorer cognitive and functional outcomes.  

Studies have also indicated that weight loss in AD is associated with increased mortality 

(Soysal et al., 2021), and Albanese et al. (2013) reported an association between 

increased dementia severity and more significant weight loss. Garcia-Ptacek et al. (2014) 

reported that having a body mass index (BMI) that was considered typical or overweight, 

was associated with reduced mortality, in those with dementia. There is also evidence to 

suggest that acetylcholinesterase inhibitors, commonly prescribed to slow the progression 
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of cognitive symptoms in dementia, are also associated with weight loss (Franx et al., 

2019). While several studies have described the association between BMI and various 

outcomes in dementia overall and specifically AD, there is a dearth of information 

characterizing BMI across the disease course of other dementias. Examining BMI among 

different dementia types may help identify groups that are particularly vulnerable to 

frailty. Further clarifying relationship between BMI and mortality would also serve 

providers when predicting survival duration or imminent death.  

A common challenge of examining disease course is to identify and diagnose 

individuals as close to their onset of dementia as possible. Many studies conducted to 

date have used samples of convenience, such as those available in clinical settings, the 

results from such sources may not generalize to the broader population. Additionally, 

reported rates of progression among different dementia types are inconsistent and not 

well characterized. While prevalent (extant) cases are informative, their use to model or 

describe the overall course of dementia poses a challenge. This is because it is often 

difficult to accurately identify onset age, so challenges exist in accurately modeling 

disease course in its entirety. As reviewed above, several factors such as sex and genetic 

factors have been examined, especially in AD, but few studies have examined other 

factors such as family history of dementia and health and nutritional factors on the course 

of dementia, particularly in non-AD forms of dementia.   

 The purpose of this project was to examine the characteristics and clinical course 

of various forms of dementia, in a population-based sample. Specific influences of family 

history on dementia progression (cognitive and functional decline), and survival duration 

were examined. Sex differences, medical comorbidities, and APOE ε4 genotype were 
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also examined across the different forms of dementia. The following diagnoses were 

included in this study: AD, VaD, AD with another form of dementia, and Other dementia. 

The specific research questions of project are outlined below: 

1. Research question 1 examined factors that best differentiated dementia diagnoses 

from each other. Factors examined included: sex, age of onset, APOE ε4 status, 

vascular risk factors and other health conditions, NPS, BMI, first cognitive 

symptom affected, presence of motor symptoms, and maternal or paternal family 

history of dementia.  

2. Research question 2 described the clinical course of dementia in incident (new 

onset) cases, comparing rates of cognitive and functional decline among dementia 

groups.   

3. Research question 3 examined the physical aspects of dementia, examining the 

trajectory of BMI and overall survival duration in incident (new onset) cases from 

age of dementia diagnosis for BMI and age of onset to death for survival duration, 

by dementia type.  

This project provided valuable and novel information to researchers and clinicians 

who wish to better understand and predict patterns of decline in people with dementia 

using factors that have yet to be considered collectively. The added factors of family 

history, APOE ε4 status and others, provided practical information regarding potential 

influences on the clinical course of dementia for patients, families, and their caregivers.   
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Methods 

Participants  

The current study used extant data from the Cache County Memory Study in 

Aging (reference Breitner et al., 1999) and the ancillary study, the Cache County 

Dementia Progression Study. Participant demographics and recruitment have been 

previously described (Breitner et al., 1999; Tschanz et al., 2013). In brief, 5,092 

permanent residents of Cache County, Utah, aged 65 and older, were enrolled in this 

study, which consisted of four waves of dementia screening and ascertainment from 

approximately 1995 – 2007. Dementia screening progressed from administration of a 

brief cognitive screening test, the Modified Mini-Mental State Exam (3MS), and if 

screened positive (scores below the 25th percentile; Breitner et al., 1999; Miech et al., 

2002), to a clinical interview with a knowledgeable informant of the subject’s cognitive 

and functional abilities, as well as their engagement in daily living activities using the 

Dementia Questionnaire (DQ). Participants rated with dementia or significant cognitive 

impairment on the DQ or were members of a subsample randomly selected to complete 

all stages of dementia screening and assessment, were then invited to complete a clinical 

assessment (CA; Breitner et al., 1999; Miech et al., 2002). The CA consisted of 

neuropsychological assessment and neurological and physical exam with the participant 

as well as a clinical and medical health interview with an informant. The CA data were 

reviewed at an initial diagnostic case conference that included a study neuropsychologist, 

study physician and the CA team. Dementia diagnoses were assigned using Diagnostic 

and Statistical Manual, 3rd ed., revised (DSM-III-R) criteria. For those with a working 

diagnosis of dementia or prodromal AD, participants were invited to complete a 
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physician visit, laboratory studies, and neuroimaging as well as an 18-month follow-up 

CA. Final clinical diagnoses were determined by a consensus panel consisting of a board-

certified neurologist, geriatric psychiatrist, neuropsychologists, and a cognitive 

neuroscientist (Breitner et al., 1999). Specific dementia types were based on current 

research criteria at the time. For example, AD diagnosis was based on the National 

Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's 

Disease and Related Disorders Association (NINCDS-ADRDA, McKhann et al., 1984) 

criteria, and vascular dementia was based on the International Workshop of the National 

Institute of Neurological Disorders and Stroke (NINDS) and the Association 

Internationale pour la Recherche et l'Enseignement en Neurosciences (AIREN) (NINDS-

AIREN; Erkinjunitti, 1994) criteria. Individuals whose dementia presentation was not 

consistent with a recognized form of dementia were designated as “Dementia, 

Undetermined Etiology.” Age of dementia onset was assigned as the age at which the 

participant met DSM-III-R criteria for dementia, based on a chronological review of 

symptoms provided by the informant at the CA. Dementia severity at the diagnosis visit 

was also determined using the Clinical Dementia Rating (CDR) scale (Morris et al., 

1997—see Breitner et al.,1999 for procedures). The participant’s first cognitive symptom 

reported was also noted.   

The subsequent waves followed a similar protocol, except that the cut scores on 

the 3MS differed in Wave 2 (Miech et al., 2002), and the DQ stage was eliminated in 

Waves 3 and 4. As a result of the four waves of dementia ascertainment, a total of 942 

persons with dementia were identified. Based on the estimated onset ages, 359 were 

identified as prevalent cases in Wave 1 and 583 as incident cases at subsequent waves.  
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The following diagnoses types were included in this study: Alzheimer’s Disease (AD), 

Vascular dementia (VaD), other dementia excluding AD and VaD (Other), AD and VaD 

(AD-VaD), and AD with another non-vascular form of dementia (AD-Other). The 

“Other” dementia type category was comprised of several diagnoses such as diffuse 

Lewy Body dementia (DLBD), frontotemporal dementia (FTD), and Pick’s disease, 

though highest category was dementia of undetermined etiology (DUE). Table 1 displays 

a summary of the diagnoses within the “Other” dementia group, for the full sample of 

participants as well as by prevalent or incident dementia in Wave 1. See Appendix A for 

full compilation of diagnoses included in the Other dementia group, displayed by 

research question. 

 
 
Table 1 
 
Diagnoses Within the Other Dementia Type for Full Sample and Separated by 
Prevalence or Incident Dementia Status at Wave 1 
 
 All Participants Prevalent Cases Incident Cases 

 n= 173/931 
(18.6%) 

n = 57/349 
(16.3%) 

n = 116/582 
(19.9%) 

Dementia of an undetermined 
etiology (DUE) 132 (14.2%) 43 (12.3%) 89 (15.3%) 

Related to Parkinson’s disease 18 (1.9%) 2 (0.6%) 16 (2.7%) 
Possible or probable dementia 
with Lewy Bodies 10 (1.1%) 4 (1.1%) 6 (1%) 

Related to Frontotemporal 
dementia (FTD) 7 (0.8%) 4 (1.1%) 3 (0.5%) 

Hypoperfusion 3 (0.3%) 2 (0.6%) 1 (0.2%) 
Amyotrophic sclerosis (ALS) 1 (0.1%) 1 (0.3%) 0 (0%) 
Normal Pressure 
Hydrocephalus (NPH) 1 (0.1%) 1 (0.3%) 0 (0%) 

Progressive Supranuclear 
Palsy (PSP) 1 (0.1%) 0 (0%) 1 (0.2%) 
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Procedures 

Surviving individuals identified as incident cases (new dementia onsets after 

enrollment visit into the CCSMA) were enrolled into the Dementia Progression Study 

(DPS) which began in 2002. The procedures of the DPS included semi-annual clinical 

assessments similar to that of the CCSMA CA, with a neuropsychological test battery, an 

abbreviated physical/neurological exam with the participant as well as a clinical health 

interview about the participant with a caregiver. Vital status was monitored from 

obituaries or information obtained from caregivers. 

 

Measures of Dementia Progression and Course 

 

Cognition: Mini-Mental State Exam (MMSE) 

The Mini-Mental State Exam (MMSE) was used as a brief measure of global 

cognitive functioning (Folstein et al., 1975). The MMSE has been determined to be both 

valid and a reliable indication of cognitive status in older adults with cognitive 

impairments, with internal reliability being reported as ranging from α=.54-.81, according 

to several studies (Albert and Cohen, 1992; Jorm et al., 1988; Kay et al., 1985 & 

Tombaugh et al., 1996). For the purposes of this study, the Consortium to Establish a 

Registry for Alzheimer's Disease (CERAD) version was used. This measure assesses 

orientation, recall, attention, language, and visuospatial skills, with a maximum score of 

30. Higher scores are indicative of better cognitive performance. Sensory-motor adjusted 

scores were calculated by discarding items confounded by sensory or motor impairment 

and recalculating the score as the percentage correct of remaining items, multiplied by 
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30. If the participant was unable to comprehend instructions for the MMSE due to 

cognitive impairment, a score of “0” was applied. Scores ranged from 0 to a maximum of 

30 points. 

 

Function: Dementia Severity Rating Scale (DSRS) 

The Dementia Severity Rating Scale [DSRS; (Clark, 1996)] was completed by the 

caregiver at the CA and each DPS visit. Aspects of functioning that are captured and 

maximum points with this measure include: memory (7 points), orientation (5 points), 

judgment (4 points), social interaction (4 points), home activities/responsibilities (4 

points), personal care (4 points), speech/language (6 points), recognition of others (5 

points), feeding (4 points), incontinence (4 points), and ambulation (6 points). Higher 

scores are indicative of more severe impairment (Clark, 1996). Total DSRS score was 

used as an indication of participants’ overall functioning, and domain scores were used to 

indicate progression in specific cognitive and functional domains. These domain scores 

were created by collapsing individual item ratings as follows: ADLs (personal care, 

feeding, incontinence); cognition (memory, orientation, judgment, recognition of others 

and speech); social activity (social interactions, home activities/responsibilities). See 

Appendix B for DSRS and DSRS domain scores. The range of points possible for the 

DSRS total and domain scores were as follows: DSRS total = 0-54; ADL domain = 0-10, 

Cognition domain = 0-29; and Social Activity domain = 0-9.   
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Physical Change and Survival Duration 

Height and weight were collected at the CCMS CA and each DPS visit, allowing 

for a calculation of body mass index (BMI; 𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 (𝑘𝑘𝑤𝑤)
ℎ𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 (𝑚𝑚)2

) (Nutall, 2015). BMI has 

historically been utilized as a common way to identify individuals as having body types 

of “normal” (18.5-24.9), “overweight” (25-29.9) and “obese” (30+) (World Health 

Organization, 1997; National Institutes of Health, 1998). Calculated BMI was used as an 

outcome over the course of dementia.  

Participant deaths and ages at death were determined through published 

obituaries, reports from the Utah Department of Health, or through caregivers. Survival 

duration was calculated in years from the age of dementia onset to death.  

 

Predictors: Demographic, Health, and Family History Information; Body Mass Index 

and APOE Genotype 

Demographic information was collected from participants in the Wave 1 of the 

CCSMA. These factors, including age, education level, sex, and history of medical 

conditions, were obtained at the Wave 1 CCSMA enrollment interview with the 

participant and updated by the participant before dementia diagnosis at each subsequent 

CCSMA wave. After dementia diagnosis, health information was updated by the 

participant’s caregiver at each DPS visit. The medical conditions obtained from the visits 

were coded and data entered. For this project, neurological, cardiovascular, and endocrine 

conditions were examined as predictors in each of the above categories. Due to the low 

frequency of endorsement of several medical conditions, individual conditions were 

grouped based on similar body systems and type of condition to create medical condition 
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groups (e.g. conditions of the cardiovascular system). For predictors of sufficient sample 

size (for example, hypertension), presence or absence of the individual predictor was 

used instead of the category. Thus, the following groups of conditions were created for 

analyses: conditions of the brain, types of arrythmias and related conditions  rel major 

cardiac conditions, minor cardiac conditions, congestive heart failure, hypertension, 

hyperlipidemia, cancers, depression, other psychiatric disorders, autoimmune conditions, 

chronic pain, gastric/digestive, pulmonary, urologic, thyroid, diabetes, and blood 

deficiencies. The decision to create the groups as described was based on a few 

considerations such as sample size (e.g. were there enough endorsements for this 

condition to be included in an analysis alone). For example, this was the case for the 

commonly occurring hypertension and hyperlipidemia, which are also known to be 

distinct risk factors for vascular-related dementia. Other factors which contributed to 

groupings included similarity/like-conditions (e.g. arrythmia NOS, arrhythmia, other 

atrial fibrillation grouped together) or level of severity of the medical event (e.g. 

arrythmia was not grouped with myocardial infarctions as the latter is a more severe and 

a distinct medical event). Additionally, sparsity of endorsements of specific conditions 

also contributed to specific conditions being grouped together, if only they were also 

previously linked by similar conditions (e.g. aortic aneurism, while severe, did not have 

the sample size to include in analyses alone, rather, it was grouped with minor cardiac 

conditions which also had very low N. See Appendix C for a list of all medical conditions 

assessed and Appendix D for specific medical conditions that were coded into categories. 

Neuropsychiatric symptoms, including mood symptoms, were collected using the 

Neuropsychiatric Inventory (NPI; Cummings et al., 1994) (See Appendix E for full list of 
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questions). The NPI is a 12-item inventory that assesses the occurrence and severity of 

NPS in dementia including: hallucinations, delusions, agitation/aggression, 

depression/dysphoria, anxiety, elation/euphoria, apathy/indifference, disinhibition, 

irritability/lability, motor disturbance, nighttime behaviors, and appetite and eating. The 

informant or caregiver is asked to evaluate whether the patient displays each of these 

symptoms (yes/no). For each “yes” item, a rating for the severity (mild, moderate, severe) 

and frequency of occurrence (occasionally= less than once per week, often= once per 

week, frequently= several times a week but not daily, very frequently= once or multiple 

times per day) is obtained. Overall severity scores were determined by multiplying the 

severity and frequency scores for each symptom. For the purposes of this study, the 

severity of each symptom was examined. Items of appetite and sleep disturbance were 

not collected at the first two waves of the CCMS, and due to the extremely low 

endorsements of euphoria across the sample, these items were excluded. As such, a 9-

item NPI was used for this study. Cluster scores were examined, as able, depending upon 

the distribution of symptoms by dementia group. Cluster scores include the affective 

cluster, comprised of a combination of depression, anxiety and irritability scores, while 

the psychotic cluster is a combination of hallucination and delusion scores (Steinberg et 

al., 2013).   

 Family history of dementia was determined in the interview by asking about 

family history of memory problems, including onset and progression of symptoms, 

effects on ability to live independently, and any formal diagnosis of the cause of 

dementia. Family history information was updated at each subsequent wave of the 

CCSMA (See Appendix F for Family History Section of interview). Family history of 
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dementia was categorized as positive or negative individually for maternal or paternal 

relationships. Each family member had to survive to age 50 to be coded as positive or 

negative for a history of memory problems.  

 During the CA, neurological and motor symptom data were also collected.  

Neurological and motor symptoms were recorded as positive for each symptom and gait 

disturbances as evaluated by the study nurse (See Appendix G). Symptoms of interest for 

the current project included abnormal motor reflexes (left, right, both sides of the body in 

deep tendon reflexes), presence of primitive reflexes (snout, visual suck, tactile suck), 

gait abnormalities (walking, turning, stopping, presence of shuffling, accessory 

movements, tandem walk), bradykinesia, posture, motor impersistence (tongue  

protrusion, eye closure), weakness (shoulder elevation, pronator drift, strength 

differences), fluidity of speech (rapid repetition of words), upper extremity fluidity of 

motor movements (finger-to-nose, finger-thumb tapping, rapid alternating movements), 

muscle tone/rigidity (flexion/extension at elbow and wrist; cogwheel rigidity), and 

tremor. Presence or absence of symptom abnormalities were used as follows: left or right 

reflex hyperreflexia, left or right hyporeflexia, primitive reflexes, gait, bradykinesia, 

posture, left or right weakness, speech abnormalities, movement fluidity, muscle rigidity, 

and tremor. As sample size permitted, signs and symptoms were lateralized; for low 

sample sizes lateralization was not used, rather, symptoms were collapsed across similar 

features to reflect the presence or absence of impairment (e.g. left or right upper 

extremity weakness collapsed to upper extremity weakness). See Appendix H for a full 

description of the neurological symptom categories that were created from individual 

symptoms.  
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With respect to additional predictors or covariates, a general medical health rating 

(GMHR) was determined at each CCSMA and DPS clinical assessment. The GMHR was 

assigned based on reports of the participant’s health history, including any acute or 

unstable condition, number of medications, and if the person appeared frail (Lyketsos et 

al., 1999). Scores range from 1-4, with the following indications of health status: 

4=excellent (maximum of 2 stable illnesses and 2 medications), 3=good (maximum 1 

unstable but treated illness or maximum 4 stable illnesses and 4 medications), 2=fair 

(maximum 3 unstable illnesses) and 1=poor (patient is considered very ill/terminal). Fair 

and poor categories were collapsed when indicated by sparse numbers in the poor 

category. BMI as a covariate was examined according to the following categories: normal 

(18.5 to 24.9), overweight (25.0 to 29.9), and obese (30.0 and above) (Weir & Jan, 2019). 

APOE ε4 genotype was determined by polymerase chain reaction (Breitner et al., 1999) 

from DNA processed from buccal skin samples. Presence or absence of the ε4 allele was 

used in statistical analyses.  

 

Statistical Analyses 

Descriptive statistics were performed to determine baseline characteristics of the 

participants within each dementia type to better understand potential differences between 

these groups.  

Research question 1 determined how participants with different types of dementia 

diagnoses differed cross-sectionally from each other at their diagnosis visit. The outcome 

variable was dementia type: AD, VaD, AD-VaD, AD-other and Other dementia. 

Predictor variables included sex, age of dementia onset, medical comorbidities, 
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neurological symptoms, family history of memory problems, APOE ε4 status, BMI 

category at diagnosis, specific NPS, and first cognitive symptom. Variables included as 

covariates in the model were overall health status (GMHR), dementia duration, education 

and whether the participant was a prevalent or incident case. Due to the nominal nature of 

the dependent variable (5-category dementia type), multinomial logistic regression 

(MnLogR) was used to determine the role of the predictor in distinguishing likelihood of 

dementia type relative to the reference category of AD. Parameters estimated in MnLogR 

are interpreted similar to standard logistic regression and are exponentiated to create odds 

rations (OR). A sequence of models was run systematically by adding and removing each 

predictor (e.g., demographic factors, and neurologic and medical conditions) to determine 

which collection of variables best differentiated each diagnosis type from that of the 

reference category. 

Research question 2 examined longitudinal trajectories of cognition and function 

for each dementia type, identifying meaningful differences in disease course.  For this 

analysis, only incident cases of dementia were included. Outcome variables included 

MMSE (adjusted total score) and DSRS (domain and total scores). Predictor variables in 

these models included dementia type, maternal and paternal family history of memory 

problems, and sex. Variables included as covariates were overall health, age at dementia 

onset, dementia duration (years from onset age to diagnosis visit), education and APOE 

ε4 status. Due to repeated observations being gathered on participants, the analysis must 

account for the lack of independence amongst all observations. A Repeated measures 

Analysis of Variance (ANOVA) is not appropriate since the observations were not taken 

at the same time intervals for all participants and the number of observations per 
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participant varies widely from 1-15. Linear mixed effects models (i.e. multilevel models, 

MLM) were used to explore trajectories of decline and test for effects of each predictor 

and covariate, while controlling for person-to-person differences (random intercepts and 

slopes, where applicable; Hox et al., 2017). The interaction between dementia type and 

sex was tested to examine sex differences in the rate of cognitive and functional 

progression.    

Research question 3 was broken into two parts- (A) examined trajectory of BMI 

and (B) time to death among the different dementia diagnoses. For both analyses, only 

incident cases of dementia were included. To examine trajectory of BMI, calculated BMI 

was modeled over time, similar to the dependent variables in question 2. Predictor 

variables included dementia type, GMHR status, sex and age, and education as a 

covariate. MLM was used to explore trajectory of BMI and test for effects of each 

predictor and covariate, run separately by sex. For mortality, the dependent variable was 

time to death and/or right censoring (RC), in years along with an indicator to distinguish 

death from RC end points. Survival analyses with Cox proportional hazards regression 

was used to examine time to death. Because not all participants experienced death during 

the observation window or their death date was not able to be collected, time of RC was 

used as the last date of monitoring death data. An alternative, statistical modelling 

approach such as logistic regression was not used since most participants did have death 

dates, and the time span from baseline to death varied greatly. Additionally, restricting 

analysis of time-to-death amongst just those who died would also be less desirable as RC 

participants would need to be excluded. Thus, for the Cox regression, the predictor 

variables were dementia type, maternal and paternal family history of memory problems, 
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and sex. Other predictor variables included as covariates were GMHR at diagnosis, BMI 

category at diagnosis, dementia duration, education, and APOE ε4 status. Interactions 

included dementia type by sex and dementia type by maternal or paternal family history. 

Similar to logistic regression, parameter estimates for Cox regression are computed on 

the logistic scale and must be exponentiated to create hazard ratios (HR) for 

interpretation. 

All statistical analyses were run using R statistical software (R Core Team, 2015). 
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Results 

Sample sizes differed based on eligibility criteria for each research question and 

missing data; as such, descriptive data are presented by research question individually.  

 

Research question 1: Participant Demographics  

Out of 931 eligible participants with dementia, 10 participants were excluded due 

to missing data on education, APOE ε4 genotype, and/or baseline health status, leaving a 

sample of 921. This sample was composed of 566 (61.5%) female participants, had a 

mean age of dementia onset at 81.99 years (SD = 7.06), and a mean education of 12.9 

years (SD = 2.72) (see Table 2). Excluded participants had a longer mean duration of 

dementia pre-baseline (about 1.67 years longer; p =.054). Excluded and included 

participants did not significantly differ on age at diagnosis. Table 2 summarizes 

descriptive statistics for the final sample.  
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Table 2 
 
Participant Characteristics at Diagnosis, Prevalent and Incident Dementia Cases, n = 
921 
 
Variable  M SD n % 
Dementia onset age 81.99 7.06   
Dementia duration at first visit (years) 2.98 2.72   
Education (years) 12.91 2.72   
Sex     
      Male    355 38.5 
      Female   566 61.5 
APOE ε4     
      No ε4   482 52.3 
      1 or more ε4   439 47.7 
Dementia type     
      AD    530 57.5 
      AD-Other   27 2.9 
      AD-VaD   72 7.8 
      VaD   122 13.2 
      Other    170 18.5 
General Medical Health Rating (GMHR)     
     Total 1.97 1.14   
      Poor   11 1.2 
      Fair    299 32.5 
      Good    516 56.0 
      Excellent    95 10.3 
Living environment at first visit      
      Home/Own residence   678 73.6 
      Residential/Assisted Living    78 8.5 
      Skilled Nursing Facility    165 17.9 
MMSE total score 18.63 7.95   
NPI total score 6.42 8.88   
Notes. AD= Alzheimer’s disease, AD-other = AD with another form for dementia, VaD = 
vascular dementia. MMSE = mini-mental state exam; NPI = neuropsychiatric inventory; 
APOE = apolipoprotein E; Higher score on GMHR rating total indicates more positive 
health rating. Prevalent cases refer to cases identified in Wave 1 of the study while 
incident cases refer to onset after Wave 1.  
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Research question 2: Participant demographics  

Out of 576 eligible participants with dementia, 70 participants were excluded due 

to missing data on education, APOE ε4 genotype, and/or baseline health status, leaving a 

sample of 506. This final sample was composed of 306 (60.5%) female participants, had 

a mean age of dementia onset at 83.09 (SD = 6.12), years, and a mean education of 13.4 

(SD = 3.03) years. On average, excluded participants were older (M = 86.49 vs. 83.09), 

and had about one year less of education (M = 12.29 vs. 13.40). Excluded and included 

participants did not significantly differ on dementia duration. Table 3 provides a full 

summary of the incident dementia cases (ascertained after Wave 1), comparing the subset 

that was analyzed to the subset that was excluded from analysis due to missing data. 
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Table 3 

Comparison of Participant Characteristics of Incident Dementia Participants by Inclusion Status 
for Question 2, n = 576 
 
 Included 

(n=506) 
 Excluded 

(n=70) 
 

Variable M SD n %  M SD n % p 
Dementia onset age 83.09 6.12    86.49 6.79   <.001*** 
Dementia duration 
at first visit (years) 

1.72 1.24    1.68 1.48   .786 

Education (years) 13.40 3.03    12.29 2.93   .004** 
Sex          .982 
      Male    200 39.5    27 38.6  
      Female   306 60.5    43 61.4  
APOE ε4          .155 
      No ε4   283 55.9    46 65.7  
      1 or more ε4   223 44.1    24 34.3  
Dementia Type          .235 
      AD    294 58.1    39 55.7  
      AD-Other   17 3.4    0 0  
      AD-VaD   40 7.9    3 4.3  
      VaD   58 11.5    12 17.1  
      Other    97 19.2    16 22.9  
General Medical Health 
Rating (GMHR) 

         

      Total  2.63 .64    2.49 .70   .075 
      Categories           .087 
          Poor 7 1.4      2 2.9  
          Fair  209 41.3      38 54.3  
          Good 253 50      24 34.3  
          Excellent  37 7.3      6 8.6  
Living environment at first 
visit  

        .308 

       Home/Own Residence   408 80.6    51 72.9  
       Residential/Assisted   
       Living  

 49 9.7    9 12.9  

     Skilled Nursing Facility   49 9.7    10 14.3  
MMSE total score 21.47 5.64    19.78 7.12   .204 
DSRS total score 3.73 1.88    3.58 2.02   .598 
Note. AD= Alzheimer’s disease, AD-other = AD with another form for dementia, VaD = vascular 
dementia, AD-VaD= AD with VaD. MMSE = mini-mental state exam; DSRS = dementia rating scale; 
APOE = apolipoprotein E; Higher score on GMHR rating total indicates more positive health rating. 
Incident cases refer to onset after Wave 1 of the study. 
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Research Question 3: Participant Demographics, Total Sample and by Sex 

Parts A and B of this research question utilized the same sample of incident 

dementia cases and as such, demographic characteristics displayed in Tables 4 and 5 are 

representative of both studies. A full summary of participants is presented in Table 4 and 

Table 5 comparing males to females. Table 6 displays quartiles of survival times by 

dementia type. A total of 582 incident dementia case participants were included in these 

analyses. This overall sample was composed of 351 (60.3%) female participants, had a 

mean age of dementia onset at 83.49 (SD = 6.29) years, a mean education of 13.26 (SD = 

3.04) years, and a mean survival of 3.95 years (SD = 3.07, median = 3.20). Compared to 

males, on average, females were older at dementia onset (est = 1.48, p = .006, d = 0.24) 

and had a longer dementia duration at the time of their first visit (est = .38, p <.001, d = 

0.30). Females also had fewer years of education (est = 0.38, p < .001, d = 0.44), and on 

average were more likely to be either underweight or obese at diagnosis visit, than males 

(𝜒𝜒2 = 33.15, p < .001, V = 0.25). Males and females did not differ significantly on length 

of survival from diagnosis visit.  
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Table 4 
 
Participant Characteristics for Incident Dementia Cases for 
Question 3, n = 582  
 
Variable M SD n % 
Dementia onset age 83.49 6.29   
Dementia duration at first visit 
(years) 

1.74 1.29   

Survival (years) 3.95 3.07   
Education (years) 13.26 3.04   
Sex     
      Male    231 39.7 
      Female   351 60.3 
APOE ε4     
      No ε4   330 56.7 
      1 or more ε4   248 42.6 
Dementia type     
      AD    335 57.6 
      AD-other   17 2.9 
      AD-VaD   43 7.4 
      VaD   71 12.2 
      Other    116 19.9 
BMI at Diagnosis visit     
      Underweight   33 5.7 
      Normal   244 41.9 
      Overweight    172 29.6 
      Obese    76 13.1 
General Medical Health Rating 
(GMHR) 

    

      Total 2.61 0.65   
      Poor   9 1.5 
      Fair    249 42.8 
      Good    280 48.1 
      Excellent    43 7.4 
Notes. AD= Alzheimer’s disease, AD-other = AD with another form 
of dementia, VaD = vascular dementia, AD-VaD = AD with VaD. 
Higher score on GMHR rating total indicates more positive health 
rating.  
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Table 5 
 
Comparison of Participant Characteristics for Incident Dementia Cases by Sex for 
Research Question 3, n = 582 
 
 Males 

(n=231) 
 Females 

(n=351) 
 

Variable  M SD n %  M SD n % p 
Dementia onset 
age 

82.60 6.40    84.08 6.16   .006** 

Dementia 
duration at first 
visit (years) 

1.51 1.23    1.89 1.31   <.001*** 

Survival (years)  3.80 3.05    4.04 3.09   0.35 
Education (years) 14.06 3.51    12.74 2.57    
APOE ε4          .763 
     No ε4   133 57.6    197 56.1  
     1 or more ε4   96 41.6    152 43.3  
Dementia type          .003** 
     AD    115 49.8    220 62.7  
     AD-other   11 4.8    6 1.7  
     AD-VaD   14 6.1    29 8.3  
     VaD   35 15.2    36 10.3  
     Other    56 24.2    60 17.1  
BMI at Diagnosis           <.001*** 
     Underweight   7 3    26 7.4  
     Normal   88 38.1    156 44.4  
     Overweight    100 43.3    72 20.5  
     Obese    22 9.5    54 15.4  
General Medical Health 
Rating (GMHR) 

         

      Total 2.65 0.61    2.59 0.67   .255 
      Categories          .116 
         Poor   9 1.5    6 1.7  
         Fair    249 42.8    161 45.9  
         Good    280 48.1    155 44.2  
         Excellent    43 7.4    29 8.3  
Notes. AD= Alzheimer’s disease, AD-other = AD with another form of dementia, VaD = vascular 
dementia, AD-VaD = AD with VaD. BMI = Body Mass Index. APOE = apolipoprotein E. Higher 
score on GMHR rating total indicates more positive health rating.  Incident cases refer to onset after 
Wave 1 of the study.   
* p < .05. ** p < .01. *** p < .001.   
 

 

 
 
 



32 

Table 6        

Summary of Survival Time for all Incident Dementia Cases by Dementia Type, n = 582 
 

Dementia 
Type n M (SD) [ Min. Max] Q1 Median Q3 

AD 335 4.52      (3.26)   [ 0.00,   16.96] 1.84 3.83 6.31 
AD-other 17 3.45      (2.38)  [ 0.20,     9.21] 1.67 3.18 4.31 
AD-VaD 43 3.69      (2.74) [ 0.18,   11.48] 1.60 3.15 5.78 
VaD 71 3.27      (2.54) [-0.24,   13.72] 1.20 2.93 4.44 
Other  116 2.86      (2.62) [ 0.00,   15.75] 1.09 2.13 3.88 

Note. Survival time is years spanned from first observation after dementia onset until death or 
right censoring (i.e. end of observation window). Q1 = 25th percentile, Q3 = 75th percentile. 
Incident cases refer to onset after Wave 1 of the study. 

 

 

Research Question 1: Characterization of dementia diagnosis by risk factors  

The results of multinomial logistic regression models estimated risk for specific 

dementia diagnoses, compared to the reference group of persons with AD (See Table 7). 

Among demographic predictors, higher onset age was associated with decreased risk of 

VaD (OR=0.93, 95% CI [0.89, 0.97]) or Other dementias (OR= 0.97, 95% CI [0.93, 

1.00]), as was being an APOE ε4 carrier (OR= 0.44, 95% CI [0.26, 0.73]; OR= 0.56, 95% 

CI [0.36, 0.85], respectively). Dementia duration at first visit was also associated with 

decreased risk of Other dementia (OR= .90, 95% CI [0.82, 0.99]). Female sex was 

associated with decreased odds of AD-Other dementia (OR=0.25, 95% CI [0.09, 0.67]) 

and Other dementia (OR=0.63, 95% CI [0.41, .96]) diagnoses.  

Overall health status was also a significant predictor of dementia type. Having a 

poor to fair health rating (reference category = good) was associated with increased risk 

of VaD (OR= 2.64, 95% CI [1.58, 4.42]) and Other dementia (OR= 1.83, 95% CI [1.19, 
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2.81]). Having a health rating of excellent was associated with a decreased risk for a 

diagnosis of Other dementia (OR=0.22, 95% CI [0.08, 0.64]). 

Among neurological signs, chin or shoulder weakness was associated with 

increased risk for AD-VaD (OR = 2.11, 95% CI  [1.03, 4.30]) and VaD (OR = 2.73, 95% 

CI [1.46, 5.11]). Similarly, the presence of lateralized signs was also associated with 

greater risk of AD-VaD (OR= 4.80, 95% CI [2.54, 9.06]) and VaD (OR= 11.62, 95% CI 

[6.53, 20.66]); worse quality of speech was associated with greater risk of VaD (OR = 

2.32, 95% CI [1.35, 3.98]).  

Specific health conditions were significantly associated with specific dementia 

types. Having a major cardiac condition was associated with increased risk for AD-VaD 

(OR= 3.27, 95% CI [1.84, 5.80]) and VaD (OR= 2.39, 95% CI [1.41, 4.09]). 

Hypertension, hyperlipidemia and diabetes were not significant predictors of dementia 

type (p > .05). A history of a neurological brain condition or Parkinson’s disease (PD) 

was associated with increased risk for Other dementia (OR= 2.16, 95% CI [1.33, 3.51]; 

OR= 23.09, 95% CI [6.64, 80.31], respectively). PD was also associated with increased 

risk of having a diagnosis of AD-Other (OR= 95.40, 95% CI [18.78, 484.45]). Regarding 

psychiatric symptoms, the presence of hallucinations was associated with an increased 

risk of AD-Other dementia (OR = 3.34, CI [1.07, 10.40]) and Other dementia (OR = 2.10, 

CI [1.20, 4.09]).   

Figures 1 and 2 display the probability of specific dementia diagnoses based on 

significant non-modifiable and modifiable health-related risk factors. 
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Table 7 
 
Adjusted Odds Ratios with 95% Confidence Intervals from the Multinomial Logistic Regression Model for Each Dementia Type 
Compared to Alzheimer’s Disease 
 
Variable AD-Other AD-VaD VaD (without AD) Other dementia 
(Intercept)  0.02 [0.00, 0.06]***  0.04 [0.02, 0.08]***  0.06 [0.03, 0.11]***  0.31 [0.18, 0.51]*** 
Dementia Onset Age  0.94 [0.87, 1.01]   1.00 [0.95, 1.04]   0.93 [0.89, 0.97]***  0.97 [0.93, 1.00]* 
Dementia Duration at First Visit  0.97 [0.81, 1.17]   1.03 [0.92, 1.15]   0.96 [0.86, 1.07]   0.90 [0.82, 0.99]* 
Sex, Female  0.26 [0.10, 0.69]**  1.22 [0.66, 2.23]  0.71 [0.42, 1.21]  0.62 [0.40, 0.96]* 
APOE ε4, at least one copy  2.11 [0.81, 5.50]  0.81 [0.46, 1.40]   0.44 [0.26, 0.73]**  0.56 [0.36, 0.85]** 
General Medical Health Rating (GMHR, ref = Good) 

     Excellent  0.53 [0.13, 2.06]  0.78 [0.28, 2.18]  0.27 [0.07, 1.04]  0.22 [0.08, 0.64]** 
     Poor/Fair  0.51 [0.16, 1.64]  1.69 [0.95, 3.00]  2.64 [1.58, 4.42]***  1.83 [1.19, 2.81]** 

Neurological Signs (ref = Normal/Absent, vs present/abnormal -or NA = unavailable/unknown) 
       Chin/shoulder weakness  1.14 [0.28, 4.71]  2.11 [1.03, 4.30]*   2.73 [1.46, 5.11]** 1.66 [0.91, 3.03] 

                                          NA  4.38[0.30, 64.31]  0.39 [0.05, 2.86]  2.15 [0.34, 13.48] 1.32 [0.37, 4.70] 
     Abnormal ideational praxis   3.32 [1.16, 9.46]*  0.91 [0.51, 1.64]  0.85 [0.50, 1.45] 0.87 [0.56, 1.36] 

                                         NA   0.59 [0.04, 8.39]  1.45 [0.39, 5.44]  0.67 [0.16, 2.76] 1.47 [0.54, 4.01] 
       Lateralizing signs  2.27 [0.68, 7.56]  4.80 [2.54, 9.06]***  11.62 [6.53, 20.66]*** 1.73 [0.99, 3.04] 

                                           NA  1.84 [0.36, 9.37]   2.14 [0.83, 5.51]    8.86 [4.15, 18.95]*** 1.44 [0.61, 3.38] 
     Vertical gaze   0.25 [0.02, 3.60]  1.56 [0.64, 3.83]  0.60 [0.24, 1.53]   1.47 [0.67, 3.21] 

                                         NA  0.30 [0.04, 2.05]  1.03 [0.40, 2.64]  0.41 [0.16, 1.06]    1.37 [0.70, 2.70] 
       Speech qualities    1.31 [0.48, 3.50]  1.15 [0.63, 2.13]  2.32 [1.35, 3.98]** 1.07 [0.69, 1.67] 

                                         NA   8.92 [0.79, 101.05]   3.68 [0.52, 25.54]  4.30 [0.72, 25.58] 0.37 [0.08, 1.73] 
Psychiatric Symptoms  

     Hallucinations  3.34 [1.07, 10.40]*  0.71 [0.24, 2.16]   1.39 [0.57, 3.20] 2.21 [1.20, 4.09] * 
                                        NA  1.65 [0.15, 17.96]  1.62 [0.43, 5.98]   1.36 [0.39, 4.85] 3.30 [1.21,  8.99]* 

Medical Conditions, endorsed vs. not endorsed 
      Conditions of the brain   2.37 [0.85, 6.60]  1.20 [0.61, 2.39]  1.47 [0.82, 2.66] 2.16 [1.33,  3.51]** 
      Major cardiac conditions   0.80 [0.28, 2.32]  3.27 [1.84, 5.80]***  2.39 [1.41, 4.09]** 1.40 [0.87,  2.23] 
      Cardiac conditions, other  3.44 [0.60, 19.64]  3.52 [0.99, 12.53]   3.17 [0.93, 10.79] 1.13 [0.31,  4.16] 

        Parkinson’s disease   95.40 [18.78, 484.45]***  1.95 [0.19, 20.46]  1.62 [0.28, 9.40]  23.09 [6.64,  80.31]*** 
Notes. AD= Alzheimer’s disease, AD-other = AD with another form of dementia, VaD = vascular dementia, AD-VaD = AD with VaD. APOE = 
Apolipoprotein E.  Dementia onset age is centered at 82 years, the grand mean. CI = 95% confidence interval. 
* p < .05. ** p < .01. *** p < .001. 
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Figure 1 

Multinomial Logistic Regression Based Predicted Probabilities for Dementia Type 

Highlighting Discrepancies Due to Dementia Onset Age, Controlling for Sex and 

presence of APOE ε4 allele 

 

 

Note. AD = Alzheimer’s Disease, VaD = Vascular Dementia, Other = Dementia other than 
Alzheimer’s Disease and Vascular Dementia.  APOE = Apolipoprotein E. Error bars display 95% 
confidence intervals for each predicted probability. The dementia onset age was modeled 
continuously, and two values (70 and 90) were selected for illustrative purposes only. Rectangles 
are displayed to highlight effects of interest. 
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Figure 2 

Multinomial Logistic Regression Based Predicted Probabilities for Dementia Type 

Highlighting Discrepancies Due to Sex, Cardiac Condition, General Health and APOE 

ε4 

 

Note. AD = Alzheimer’s Disease, VaD = Vascular Dementia, Other = Dementia other than 
Alzheimer’s Disease and Vascular Dementia. APOE = Apolipoprotein E. Error bars display 95% 
confidence intervals for each predicted probability. The dementia onset age was modeled 
continuously. Rectangles are displayed to highlight effects of interest. 
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Research Question 2: Cognitive and Functional Trajectories Over Time   

MMSE Total Score  

In examining the effects of modifiable and non-modifiable risk factors on 

cognitive decline, several factors emerged with significant main effects on the MMSE, 

while others predicted rate of decline on the MMSE across all dementia types.  

In fully adjusted models, dementia type did not differ in overall effects, but 

exhibited interactions with sex as well as sex and time course (p of model with 

interactions < .05). Specifically, females with a diagnosis of AD-Other dementia declined 

more rapidly on this measure up to the first 7 years post diagnosis compared to males. 

However, for those with Other dementia diagnosis, males experienced a more rapid 

decline after five years post diagnosis despite females having lower initial scores. This 

can be observed in Figure 3. No other interactions of diagnosis and sex were significant 

on trajectory of MMSE scores.  

Older age of dementia onset (b = -0.11, SE = 0.04, p = .011), and duration of 

dementia at first visit (b = -1.30, SE = 0.19, p = <.001) were both associated with lower 

MMSE scores across all visits. Similarly, having at least one ε4 allele of APOE (b = -

1.35, SE = 0.45, p =.009) was associated with a lower MMSE score. Covariates 

associated with higher MMSE scores included level of education (reference = less than 

high school; high school: b= 3.12, SE = 0.66, p = <.001, greater than high school: b = 

3.51, SE = 0.61, p = <001) and overall health status (ref poor; fair: b = 11.05, SE = 1.94 , 

p = <.001; good: b = 12.39, SE = 1.96 , p = <.001; excellent: b = 11.43, SE = 2.11 , p = 

<.001). Table 8 displays fully adjusted models for cognitive outcome.  

DSRS Total Score  
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In examining factors that were significantly associated with this measure of 

functional ability, a diagnosis of Other dementia was associated with greater overall 

functional impairment (b = 0.83, SE = 0.30), p =.006). When examining change in 

trajectory of the DSRS over time, AD with other dementia exhibited substantially more 

rapid rate of functional decline compared to those with AD, particularly after 2.5 years 

post diagnosis (see Figure 4). Smaller differences were noted between AD and VaD 

where initially rate of decline diverged from that of AD after 5 years. There was a 

significant interaction between dementia diagnosis and sex such that in AD-Other 

dementia and Other dementia diagnoses, males exhibited more rapid increase in 

functional impairment than females. Figure 5 displays DSRS over time, by diagnosis and 

sex. 

Among the covariates, older onset age of dementia was associated with slightly 

lower DSRS total score (b = -0.03, SE = 0.01, p =.016), indicating less overall functional 

impairment. Aspects of overall health status were also significant, such that being 

considered to have excellent overall health (as compared to poor) was also associated 

with less functional impairment (b = -1.37, SE = 0.67, p =.042). Higher education was 

indicative of higher degree of impairment in functioning (high school: b= 0.45, SE = 

0.19, p =.015, greater than high school: b= .543, SE = 0.17, p = .013), compared to those 

with less than high school education. Table 8 displays the fully adjusted models for 

functional outcomes.  

 

DSRS - ADL, Cognitive and Social Domains  



39 

 

The three domains created from the DSRS were also modeled to explore 

meaningful factors associated with performance on ADL, cognitive and social outcomes. 

While no predictors were significant in relation to rate of change in DSRS domains, 

several main effects were observed. Being diagnosed with AD-Other dementia (b = 0.42, 

SE = 0.14, p = .003), AD-VaD (b = 0.21, SE = 0.09, p = .026) or Other dementia (b = 

0.25, SE = 0.07, p < .001) was associated with poorer performance on ADLs, as was 

dementia duration (b = 0.09, SE = 0.02, p < .001). Being a carrier of the ε4 allele of 

APOE was associated with higher ADL performance (b = -0.10, SE = 0.05, p =.049), as 

was being in excellent (b = -0.87, SE = 0.28, p = .002) and good health (b = -0.70, SE = 

0.26, p = .008), compared to poor health. Having a positive maternal family history of 

memory problems was associated with slightly worse functioning across diagnoses over 

time (b = 0.10, SE = 0.03, p = .004). Figure 6 displays the ADL domain over time, across 

all diagnoses, for those with and without a maternal family history of memory problems. 

Female sex was associated with poorer outcomes on all three domains (ADLs: b = 0.18, 

SE = 0.05, p < .001; Cognitive and Social: b = 0.04, SE = 0.02, p < .05). There were no 

other significant factors associated with performance cognitive and social domains.   
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Table 8  
 
Adjusted Beta Coefficients with Standard Errors from the Multilevel Model for Cognitive and Functional Outcomes 
 

Variable MMSE Total Score DSRS Total Score ADL Domain of 
DSRS 

Cognitive Domain of 
DSRS 

Social Domain 
of DSRS 

(Intercept)   10.21 (2.12) ***    3.50 (0.67) *** 1.33 (0.28) *** 2.07 (0.20) ***  1.88 (0.15) *** 
Years   -1.11 (0.26) ***    0.31 (0.08) *** 0.19 (0.02) *** 0.04 (0.01) ***  0.07 (0.01) *** 
Years2 -0.07 (0.03) **   -0.03 (0.01) ** -0.01 (0.00) ** -0.000 (0.00) *** -0.01 (0.00) *** 
Dementia onset age  -0.11 (0.04) **   -0.03 (0.01) * 0.01 (0.00) -0.000 (0.00) -0.000 (0.00)   
Dementia duration at first visit  -1.30 (0.19) ***    0.07 (0.05) 0.09 (0.02) *** 0.000 (0.01)  0.000 (0.01) 
Sex (ref = male)  0.59 (0.62)    0.33 (0.20) 0.18 (0.05) *** 0.04 (0.02) *  0.04 (0.02) * 
APOE ε4, at least one copy -1.35 (0.45) ** --  -0.10 (0.05) *   -- -- 
Education (ref = less than high school)  
      Equivalent 3.12 (0.66) ***  0.45 (0.19) *  -0.05 (0.07) 0.02 (0.03) 0.05 (0.03) 
      More than 3.51 (0.61) ***  0.43 (0.17) *      -0.01 (0.07) 0.02 (0.03) 0.05 (0.03) 

Family History of Memory Issues (ref = none) 
        Maternal  --- --  -0.13 (0.07) -- -- 
        Years x Maternal  -- --   0.10 (0.03) ** -- -- 
        Years2 x Maternal -- --  -0.01 (0.00) -- -- 
General Medical Health Rating (ref = Poor) 
      Excellent 11.43 (2.11) ***   -1.37 (0.67) *  -0.87 (0.28) ** -0.16 (0.14) -0.20 (0.15)     
      Good 12.39 (1.96) *** -0.81 (0.63)  -0.70 (0.26) ** -0.11 (0.13) -0.15 (0.15) 
      Fair 11.05 (1.94) ***     -0.37 (0.63)  -0.32 (0.26) -0.08 (0.13) -0.11 (0.15) 

Dementia Type (ref = AD) 
        AD-Other   -3.16 (1.66)  0.45 (0.55)  0.42 (0.14) ** -0.01 (0.05) 0.04 (0.06) 
        AD-VaD   -1.11 (1.52)      0.39 (0.47)    0.21 (0.09) * -0.04 (0.03)  -0.02 (0.03)   
        VaD    0.74 (1.05)  0.19 (0.34)  0.10 (0.08)   0.01 (0.03)   0.03 (0.03) 
        Other     0.05 (0.90)  0.83 (0.30) **  0.25 (0.07) ***   0.03 (0.03)   0.04 (0.03) 
Diagnosis by Sex Interactions  

       AD-Other x Female   -1.29 (2.72) -0.62 (0.90)  --  --  -- 
       AD-VaD x Female    0.33 (1.83) -0.04 (0.59)  --  --  -- 
       VaD x Female   -0.26 (1.42)  0.17 (0.47)  --  --  -- 
       Other dementia x Female    -2.38 (1.19) * -0.49 (0.40)  --  --  -- 
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Variable MMSE Total Score DSRS Total Score ADL Domain of 
DSRS 

Cognitive Domain of 
DSRS 

Social Domain 
of DSRS 

Time by Diagnosis and/or Sex Interactions  
       Years x AD-Other   0.56 (1.21) -1.40 (0.53) **  --  --  -- 
       Years x AD-VaD   0.85 (0.97) -0.08 (0.27)  --  --  -- 
       Years x VaD   0.50 (0.52)   -0.40 (0.16) *  --  --  -- 
       Years x Other dementia   1.32 (0.68)   -0.79 (0.24) **  --  --  -- 
       Years x Female   -0.64 (0.32) * -0.28 (0.10) **  --  --  -- 
       Years2 x AD-Other  -0.26 (0.22)  0.31 (0.12) *  --  --  -- 
       Years2 x AD-VaD  -0.11 (0.11) -0.02 (0.04)  --  --  -- 
       Years2 x VaD  -0.09 (0.06)  0.05 (0.02) *  --  --  -- 
       Years2 x Other dementia   -0.40 (0.13) **  0.11 (0.05) *  --  --  -- 
       Years2 x Female   -0.01 (0.03)  0.01 (0.01)  --  --  -- 
       Years x AD-Other x 
Female  -3.94 (1.78) *  1.98 (0.71) **  --  --  -- 

       Years x AD-VaD x 
Female  -1.25 (1.17)   -0.15 (0.37)  --  --  -- 

       Years x VaD x Female  -0.38 (0.82)  0.31 (0.26)  --  --  -- 
       Years x Other dementia x  
       Female   -1.64 (0.85)  1.02 (0.32) **  --  --  -- 

       Years2 x AD-Other x     
       Female   0.63 (0.30) * -0.38 (0.14) **  --  --  -- 

       Years2 x AD-VaD x 
Female   0.09 (0.15)  0.05 (0.06)  --  --  -- 

       Years2 x VaD x Female   0.20 (0.10)  -0.03 (0.04)  --  --  -- 
       Years2 x Other dementia x  
       Female   0.54 (0.15) ***  -0.17 (0.06) **      --  --    -- 

Notes. The table displays parameter estimates from fully adjusted linear mixed effects models displayed by outcomes (column headings) 
and predictors (rows). AD= Alzheimer’s disease, AD-other = AD with another form of dementia, VaD = vascular dementia, AD-
VaD = AD with VaD. Dementia onset age is centered at 82 years, the grand mean. APOE = Apolipoprotein E. 
* p < .05. ** p < .01. *** p < .001. 
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Figure 3 

Multilevel Modeling of Estimated Marginal Means for Mini Mental State Exam (MMSE) 

Total Score Over Time, For Males and Females, Displayed by Dementia Type  

 

Note. Error bands display one standard error of the mean (SEM) for each trajectory. 
Trajectories truncated at 99th percentile of follow-up time for each sex and dementia type.  
MMSE total score was modeled continuously. 
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Figure 4 

Multilevel Modeling of Estimated Marginal Means for Dementia Severity Rating Scale 

(DSRS) Total Score Over Time, by Dementia Type 

 

Note. Error bands display one standard error of the mean (SEM) for each trajectory. 
Trajectories truncated at 99th percentile of follow-up time for each dementia type.  DSRS 
total score was modeled continuously. 
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Figure 5 

Multilevel Modeling of Estimated Marginal Means for Dementia Severity Rating Scale 

(DSRS) Total Score Over Time, For Males and Females, Displayed by Dementia Type  

 

Note. Error bands display one standard error of the mean (SEM) for each trajectory. 
Trajectories truncated at 99th percentile of follow-up time for each sex and dementia type.  
DSRS total score was modeled continuously. 
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Figure 6 

Multilevel Modeling of Estimated Marginal Means for Activities of Daily Living (ADL) of 

Dementia Severity Rating Scale (DSRS) Over Time, Comparing Presence or Absence of 

Maternal Family History of Memory Problems  

 

Note. Error bands display one standard error of the mean (SEM) for each trajectory. ADL 
score was modeled continuously. 
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Research Question 3A: BMI Trajectory Over Time  

BMI was modeled separately for each sex. Among males, few factors predicted 

the trajectory of BMI change across time. Overall, BMI showed a slight decline across all 

forms of dementia (b = -0.05, SE = 0.01, p < .001). Higher age of dementia onset was 

associated with lower BMI across visits (b = -0.21, SE = 0.04, p < .001) as was having 

greater than a high school education, compared to less than high school (b= -1.29, SE = 

0.60, p =.033).  

Similarly, among females, BMI declined over time across all forms of dementia 

(b = -0.06, SE = 0.02, p =.010), and age of dementia onset was associated with lower 

BMI on average (b = -0.22, SE = 0.05, p <.001). BMI trajectory did not differ by 

dementia type. 

See Table 9 for fully adjusted linear mixed effects models of BMI. 

Figures 7 and 8 display BMI by dementia onset age for males and females, 

respectively. 
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Table 9 
 
Adjusted Beta Coefficients with Standard Errors from the Multilevel Model for Body Mass Index 
(BMI)  
 
Variable Males  Females  
Intercept    27.49 (0.62) *** 23.40 (2.30) *** 
Years   -0.10 (0.10)   0.09 (0.18) 
Years2   -0.05 (0.01) *** -0.06 (0.02) ** 
Dementia onset age    -0.21 (0.04) *** -0.22 (0.05) *** 
Dementia duration at first visit    -0.21 (0.20) -0.23 (0.21) 
Education (ref = less than high school)   
      Equivalent -1.29 (0.72)  -0.23 (0.77) 
      More than -1.29 (0.60) *     -1.00 (0.75) 

General Medical Health Rating (GMHR, ref = 
Poor)   

     Excellent --  0.79 (2.30) 
     Good --  2.86 (2.12) 
     Fair --  3.61 (2.08) 

Dementia Type (ref = AD)   
       AD-Other -1.50 (1.11)  -2.96 (1.97) 
       AD-VaD  0.07 (0.98)    -0.11 (0.97) 
       VaD -0.46 (0.69)   0.34 (0.91) 
       Other  -0.82 (0.59)   -0.34 (0.78) 
Years x Dementia Duration  --  -0.09 (0.08) 
Years2 x Dementia Duration  --   0.02 (0.01) 
Notes. The table displays parameter estimates from fully adjusted linear mixed effects models 
displayed by sample (column headings) and predictors (rows). AD= Alzheimer’s disease, AD-other 
= AD with another form of dementia, VaD = vascular dementia, AD-VaD = AD with VaD 
Dementia onset age is centered at 82 years, the grand mean.  
* p < .05. ** p < .01. *** p < .001. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



48 

 

Figure 7 
 
Multilevel Modeling of Estimated Marginal Means for Body Mass Index (BMI) Over 

Time, Comparing Dementia Onset Age, for Male Participants   

 

Note. Error bands display one standard error of the mean (SEM) for each trajectory. 
Trajectories truncated at 99th percentile of follow-up time for each dementia type.  
Dementia onset age values (65, 80, 95) were selected for illustrative purposes only.  
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Figure 8 

Multilevel Modeling of Estimated Marginal Means for Body Mass Index (BMI) Over 

Time, Comparing Dementia Onset Age, For Female Participants   

 

Note. Error bands display one standard error of the mean (SEM) for each trajectory. 
Trajectories truncated at 99th percentile of follow-up time for each dementia type.  
Dementia onset age values (65, 80, 95) were selected for illustrative purposes only. 
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Research Question 3B: Survival duration post dementia diagnosis 

Several factors were significant predictors of survival from dementia diagnosis to 

death. Compared to persons with AD, higher hazard of death was found for Other 

dementia (HR = 1.63, p < .001; 95% CI [1.27-2.08]), AD-Other (HR = 2.23, p < .01; 95% 

CI [1.32-3.74]), and VaD (HR = 1.55, p < .01; 95% CI [1.16-2.01]). See Figure 9 for 

display of survival by dementia type. Age of dementia onset was associated with a 7% 

increased risk of death (HR = 1.07, p < .001; 95% CI [1.05-1.09]) and an 8% increased 

risk for dementia duration at first visit (HR = 1.08, p < .05; 95% CI [1.00-1.16]) for each 

increasing year of the predictor. As expected, health-related factors were also associated 

with a hazard of death. Higher BMI at initial visit was associated with a reduced risk for 

death (HR = 0.97, p < .01; 95% CI [0.95-0.99]) (See Figure 10). Similarly, overall health 

status at the diagnosis visit was also associated with a reduced risk for death, for those 

considered to be in fair (HR = 0.25, p < .001; 95% CI [0.12-0.50]), good (HR = 0.17, p < 

.001; 95% CI [0.08-0.34]), and excellent (HR = 0.14, p < .001; 95% CI [0.06-0.28]) 

health, compared to those considered to be in poor health (See Figure 11). Though not 

reaching statistical significance, being female was associated with a reduced risk of death 

(HR = 0.85, p = .08). Interactions tested between having a family history of memory 

problems and diagnosis, and between sex and diagnosis, were not significant. Table 10 

displays the results of Cox Regression models. 
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Table 10 
 
Hazard Rations of Cox Regression for Time to Death  
 
      95% C.I. 

Variable HR  Lower Upper  
Dementia onset age  1.07 *** 1.05 1.09 
Dementia duration at first visit, years  1.08 * 1.00 1.16 
Sex (ref = male) 0.84 0.70 1.03 
Dementia Type (ref = AD)) 
     AD-Other 2.22 ** 1.32 3.74 
     AD-VaD 1.06   0.75 1.50 
     VaD 1.55 ** 1.16 2.01 
     Other  1.63 *** 1.27 2.08 

General Medical Health Rating (GMHR) (ref = Poor) 
      Excellent   0.13 *** 0.06 0.28 
      Good   0.17 *** 0.08 0.34 
      Fair   0.25 *** 0.12 0.50 
Body Mass Index (BMI)   0.97 ** 0.95 0.99 
Notes. AD= Alzheimer’s disease, AD-other = AD with another form of dementia, 
VaD = vascular dementia, AD-VaD = AD with VaD. Dementia onset age is 
centered at 82 years, the grand mean.  
* p < .05. ** p < .01. *** p < .001.  
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Figure 9 

Survival Plot by Dementia Type 

 
 
Note. Survival time to death was right censored at the date of last study visit when death date was 
not known. 
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Figure 10 

Survival plot by Body Mass Index at Baseline Visit   

 
 
Note. Survival time to death was right censored at the date of last study visit when death date was 
not known. 
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Figure 11 

Survival plot by General Medical Health Rating (GMHR) at Baseline Visit 

 
 
Note. Survival time to death was right censored at the date of last study visit when death date was 
not known. 
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Discussion  

The aim of this project was to examine modifiable and non-modifiable risk factors 

associated with different causes of dementia, identify factors most impactful on cognitive 

and functional decline, and examine health-related outcomes of BMI and time to death, in 

a population-based cohort. This study identified several distinguishing factors 

characteristic of different dementia types, and highlighted the important role that type of 

dementia and overall medical health status have on the course of dementia and its 

duration.  

Factors that distinguished different diagnoses included dementia onset age, where 

younger dementia onset age was associated with greater occurrence of VaD and Other 

dementia, compared to AD. Male sex was associated with higher occurrence of AD-Other 

or Other dementia. The latter is consistent with literature suggesting that AD (without 

another form of dementia) is more common in females than males (Henderson & 

Buckwalter, 1994; Ferretti et al., 2018). This study found that the ε4 allele of APOE was 

associated with a reduced occurrence of VaD and Other dementias, consistent with 

literature describing the association between this gene and increased likelihood for AD 

diagnosis (Albrecht et al., 2015; Launer et al., 1999; Lindsay et al., 2002; Liu et al., 2013; 

Rawle et al., 2018; Roses et al., 1993; Wilson et al., 2002); however, other studies have 

reported an association between this gene and risk for VaD (Baum et al., 2006; Chuang et 

al., 2010; Ji et al., 1998). Further, despite these two diagnoses (AD and VaD) being 

considered separate disorders, Emrani et al. (2020) describes the relatively rare instance 

of having a “pure” form of either of these diagnoses, and argue for a classification that 

would allow AD and VaD to be considered a spectrum diagnosis. Other literature has 
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also highlighted this, suggesting that AD and VaD may be less distinct diagnoses given 

the overlapping cerebrovascular pathology and risk factors (e.g. high cholesterol, blood 

pressure) often identified in those with AD (Kalaria & Ballard, 1999; Kivipelto et al., 

2001). Nonetheless, this study did find unique characteristics that differentiated VaD 

versus AD (younger age of onset, absence of the ε4 allele of APOE, worse overall health, 

upper body weakness, lateralization of signs, and major cardiac conditions). The co-

occurrence of dementia type, particularly for AD and VaD may be more common with 

increasing age. This was found to be the case in an autopsy-based study with the “oldest 

old” by Jellinger and Attems (2010) that described finding in their sample mixed 

dementia (AD with VaD) and AD with cerebrovascular lesions increased with age, while 

other diagnoses decreased. The distinctions between AD and VaD offer the opportunity 

for intervention better tailored to where on this “spectrum” an individual may fall. For 

example, prevention of major cardiac conditions [e.g., myocardial infarction, carotid 

artery disease and having a coronary artery bypass graft (CABG); refer to Appendix D 

for full list of conditions] may be a critical factor to reduce occurrence of VaD, singly or 

in combination with AD, whereas reduction of vascular risk factors of hypertension and 

hyperlipidemia may be a strategy applicable to all dementias. This study also found those 

with poorer health status have lower cognitive function overall; given this, knowing 

which diagnoses are more susceptible to poorer health status (e.g. VaD and AD-VaD) can 

point providers and patients towards possible interventions (e.g. early screening, 

preventative behaviors like diet and exercise) to bolster health (and cognition, function) 

among those with multiple comorbidities.  
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Neurological symptoms associated with specific diagnoses included upper body 

weakness, lateralization of signs and speech abnormalities, which were most associated 

with VaD singly or co-occurring with another form of dementia, likely reflecting the 

physical consequences of many cerebrovascular events. Further, consistent with what is 

known about medical comorbidities associated with cerebrovascular burden and poor 

health outcomes, cardiac conditions were also found to be associated with a diagnosis of 

VaD (Khan et al., 2016).  

The Other dementia group is comprised of non-AD, mixed diagnoses, and most 

frequent, dementia of unknown etiology. Many of the primary and secondary diagnoses 

within this group reflect severe medical conditions and comorbidities [e.g.  DUE with 

vascular changes, DUE with current alcohol abuse, amyotrophic lateral sclerosis (ALS), 

FTD, DLB- refer to Appendix A to view all diagnoses within this group). This mixed 

subset of diagnoses is not unique to this study; other literature has described difficulties 

in characterizing DUE based on the diversity of clinical presentations with several 

potential etiologies or a clinical presentation of major neurocognitive impairment while 

being inconsistent with diagnostic criteria for a specific form of dementia (Crystal et al., 

2000). Crystal et al. (2000) presents a review of the literature, describing a wide range of 

estimated prevalence of DUE, from 2 to 65% (this included population and clinic based 

settings), though this clinical group does not appear to have been well described 

elsewhere. Given the mixed nature of clinical symptoms present among this group, this 

study’s results suggesting that neurological conditions, including PD, and presence of 

hallucinations (early in disease course) places one at greater risk for a diagnosis of mixed 

dementia types, including AD-Other and Other dementia are understandable. While 
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hallucinations are not uncommon in AD, they tend to present towards the middle of the 

disease course rather than early in the disease course (Bassiony & Lyketsos, 2003). 

Further, aside from DUE alone or with a secondary diagnosis, Other dementia also 

included diagnoses for which more frequently occurring behavioral and psychiatric 

symptoms were quite common (FTD, DLBD). One may speculate that there may have 

been a wider array of unique behavioral and psychiatric features that distinguished 

dementia types, had these kinds of diagnoses been more prevalent in the Other dementia 

group. Nonetheless, with the exception of hallucinations, the results from this study 

suggest that other behavioral and psychological symptoms are similar across forms of 

dementia. Note, euphoria was rare across all forms of dementia and was therefore not 

examined amongst the neuropsychiatric symptoms.  

Overall health status also reflected themes of poorer health being related to VaD 

and Other dementia, supported by known associations between health conditions, general 

health status and these specific diagnoses. Eizaguirre et al. (2017) and Hofman et al. 

(1997) describe that the higher occurrence of cerebrovascular and cardiovascular burden 

present in those with VaD may result in susceptibility to other co-occurring medical 

issues. Eizaguirre et al. (2017) also reported shorter survival in those with VaD compared 

to those with AD, consistent with this study’s findings. Those with AD-Other and Other 

dementia actually experienced even higher hazard of death than VaD and AD alone. This 

underscores the shortened survival duration and course for non-AD forms of dementia, 

with or without medical comorbidities. While specific recommendations and conclusions 

regarding the Other group is difficult given the heterogeneity of its diagnoses, it appears 

that VaD is most associated with modifiable risk factors, offering possible intervention 



59 

 

avenues for patients. Given the presence of the previously mentioned modifiable risk 

factors associated with VaD, a similar argument may be made for the treatment of 

comorbidities and enhancement of overall health.  

Several studies have emphasized the utility of early intervention for modifiable 

risk factors. Kalaria (2010) describes that for those with a mixed presentation of AD and 

VaD, managing the cerebrovascular symptoms could help to slow progression of AD, 

which relates to the prior discussion surrounding the link between these two diagnoses. 

Borenstein et al. (2006) also describe modifiable factors as they arise across the lifespan, 

that are thought to impact AD development or expression, providing more pointed 

guidance on when specific interventions may be most beneficial. Though an association 

of cardiovascular risk factors and AD has been previously identified (Kalaria & Ballard, 

1999; Kivipelto et al., 2001), this present study did not find hypertension or 

hyperlipidemia to be uniquely associated with dementia type. Other studies have found 

an association between hypertension and VaD, but not AD (Hayden et al., 2006). 

Although these health conditions alone were not uniquely significant in this study, vast 

literature highlights their overall significance as risk factors for AD (Eizaguirre et al., 

2022; Hayden et al., 2006) or other forms of dementia (Wengreen et al., 2009; Rizzi et 

al., 2014) and warrant monitoring and intervention for primary prevention.  

Those categorized as Other dementia were more impaired on functional outcomes 

and singly or with AD appeared to express more rapid cognitive and functional decline 

compared to AD. In examining individual domains, it appears that functional impairment 

in those with Other dementia may be driven by difficulties with basic ADLs (e.g. those 

related to self-care, grooming, feeding) over other aspects of functioning. Compared to 
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AD, over time, those with VaD (minimally) and AD with another form of dementia, also 

experienced a greater decline in functioning overall compared to AD. This could be a 

consequence of the previously described physical difficulties that often arise as a result of 

related conditions affecting these groups such as stroke or mixed medical comorbidities 

directly influencing physical mobility.  

Interestingly, while males with AD-Other dementia and non-AD dementia 

exhibited similar or better functional abilities than females, after approximately five 

years, they experienced greater impairment at an exponentially faster rate than females. 

Though the models controlled for overall health, it may be that a cumulative effect of 

comorbidities combined with increasing dementia severity result in the rapid increase in 

functional disability. This accelerated decline in performance was also observed in 

cognition among those with AD-Other dementia and non-AD diagnoses where females 

exhibited more rapid decline than males until years 5-7 post diagnosis where men appear 

to decline more rapidly.  

With respect to specific functional domains (ADLs, cognitive and social), this 

study also found females to have worse performance than males. This may be related to 

females tending to decline more rapidly than males (at least earlier in the course of 

dementia across many dementia subtypes), perhaps also influencing functional outcomes 

(Wang et al., 2022; Zhang et al., 2018). It may be that females with dementia have a 

vulnerability towards frailty compared to males; while literature describes greater frailty 

in older females broadly (Bartley et al., 2016), evidence for greater frailty in females with 

dementia has not been well described.  
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Additionally, older age of dementia onset, longer dementia duration, and being an 

APOE ε4 carrier, were associated with lower cognitive performance, on average, while 

higher education and better overall health were associated with better cognitive and 

functional outcomes. These findings are consistent with established literature describing 

risk for onset of cognitive and functional impairment being moderated by age, education 

and health status (Borenstein et al., 2006; Leoutsakos et al.,2012; Stern, 2012; Stern et 

al., 1999). Further, individuals in the upper age ranges are more likely to accumulate tau 

and amyloid beta (Katsumata et al., 2024), as well as having greater likelihood of age-

related health conditions. One could hypothesize that those with an older onset age were 

also more likely to have developed these conditions, placing them at greater vulnerability 

for poorer cognitive outcomes. Older onset age was associated with higher functioning, 

likely reflective of the known association that being younger at onset age often is 

followed by a more rapid decline, compared to those who develop the disease in late life 

(Jacobs et al., 1994). 

BMI was not uniquely related to dementia diagnosis. In examining BMI by sex, 

both males and females displayed a significant decline in BMI over time, and older onset 

age of dementia resulted in lower BMI on average. For males, those with more education 

had a lower BMI on average. Borenstein et al. (2006) offers that higher levels of 

education may be associated with SES and in turn, healthful lifestyle circumstances that 

have downstream effects on health-related choices across the lifespan. Interestingly 

though, for older adults, research has described higher weight may be protective when 

considering risk for mortality (Winter et al., 2014), though it is also noted that higher 

BMI may negatively influence physical functioning in the older adult population (Woo et 
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al., 2007), with the exception of frailty, which has been associated with lower BMI 

(Hubbard et al., 2010).  

This study found several factors contributing to risk of mortality in dementia, 

including having a diagnosis of AD-Other, Other dementia, and VaD [median survival of 

3.18, 2.13, 2.93 years, respectively; compared to AD alone (median survival of 3.83)]. As 

previously described, many of those with other dementias and VaD often have comorbid 

medical conditions, which likely contribute to shorter survival times than having AD 

alone. Consistent with findings by Winter et al. (2014), this study found that higher BMI 

(at initial visit) and a better overall health rating were both associated with a reduced risk 

for death, perhaps highlighting the important role that frailty and complex health 

comorbidities can have on one’s disease course. While not statistically significant (p = 

.08), female sex was associated with reduced risk for death, similar to findings from Lee 

& Chodosh (2009). Another Cache County Study (Tschanz et al., 2004) examined 

mortality among the similar diagnostic groups as this present study, only among those 

with dementia at Wave 1. That study reported an increased risk for death among males 

(similar to this present study though we did not reach statistical significance), and among 

specific health conditions identified as cerebrovascular disease, coronary heart disease, 

diabetes, PD and pulmonary disorders to be significantly associated with mortality. 

Although the present study did not examine specific health conditions in relation to 

mortality, our results are generally consistent in that overall poorer health status was 

found to be related to higher risk for death. Further, the 2004 Cache County Study 

stratified mortality for dementia type by age group, reporting that among younger 

participants (65 - 74 years), those with AD had the highest mortality, while for those in 
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the older age group (> 85), those with VaD experienced higher mortality. While this 

present study did not stratify survival analyses by age group, this study also found those 

with VaD to be at an increased risk for death compared to those with AD for this sample.  

 

Study Strengths and Limitations  

The strengths of this study include the large, population-based cohort, as opposed 

to the commonly utilized clinical samples. This, and the longitudinal nature of the study 

(maximum follow up time up to 13.28 years post dementia diagnosis), may offer greater  

generalizability to persons with dementia overall than a study from restricted settings. 

This study also sought to describe disease course, to expand upon the body of literature 

that has well-described risk for onset of dementia, namely AD, and to discuss course of 

other dementias in comparison to that of AD. Further, much of the literature on aging, 

including that of risk factors and disease course, often described dementia broadly, or has 

limited the focus to AD. Though AD was the largest diagnosis group, our study examined 

other diagnoses to provide more nuanced characterization of clinical features and disease 

course.     

 Not without limitations, this study drew from a predominantly White sample, 

limiting generalizability in this regard. Also, the Other dementia group was comprised of 

a mix of diagnoses and undetermined etiology. Due to low numbers of these individual 

forms of dementia, specific distinctions by rare forms of dementia could not be 

examined. Another consideration is that the diagnosis groups were largely created based 

on clinical characteristics, with a smaller portion having neuropathological criteria; 
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biomarkers both ante- or post-mortem may help better discriminate AD vs non-AD 

subtypes of dementia, bolstering diagnostic accuracy (Jack et al., 2024).  

 

Clinical Utility and Future Directions 

The clinical utility of this study lies in the identified non-modifiable and 

modifiable risk factors associated with dementia type, as well as in the described 

relationship of risk factors on cognitive, functional and health-related outcomes. This 

study was able to detect several risk factors that distinguish AD from non-AD types of 

dementia as follows: those specific to AD-Other (e.g. female sex, neurological signs, 

hallucinations and PD), AD-VaD (upper body weakness, lateralization of signs, and 

major cardiac conditions), VaD (including health status, APOE ε4 and neurological 

conditions) and Other dementia (age of onset, dementia duration, female sex, health 

status, hallucinations, conditions of the brain and PD). Notably, conditions of the brain 

and cardiac conditions that were found to be associated with increased risk for VaD, 

extends beyond the commonly studied effects of hypertension and hyperlipidemia on 

VaD, offering other important features characteristic of specific dementia types.  

In considering the relevance of these findings in today’s context (as this study 

utilized extant data spanning a few decades prior), consideration of current health 

protocols is warranted. Specific to this study’s finding that cardiovascular conditions 

were more influential than other well-known predictors of health outcomes 

(hypertension, hyperlipidemia), one may hypothesize that in recent decades, Americans 

have become more health conscious (USDA, 2014; USDA 2024) which in turn, may lead 

to more healthful food and lifestyle choices. The finding that cardiovascular health 
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conditions were so significant for vascular disease, may reflect poorer management of 

precursive conditions like hypertension and hyperlipidemia at the time of the current 

study’s data collection. Since the data were collected for this study, the health field has 

continued to emphasize management of these factors as a way to prevent more serious, 

less modifiable conditions over time. Further, in recent years, medication adherence for 

the treatment of hypertension has improved with newer medications resulting in fewer 

side effects (Yarlagadda & Gupta, 2024). Despite these positive developments, Sidney et 

al. (2016) expressed concern for ongoing increases in cardiovascular disease (CVD) in 

the US, and even more recent reports raise concern for lack of decline in CVD between 

2010-2022 (Woodruff et al., 2024). Based on these current reports of prevalence of CVD 

in the US, it appears that the medical concerns of our study’s sample are not entirely 

unlike the current population.  

Further, there continues to be no cure for AD or the other dementias examined  

within this study (e.g. FTD, DLBD). Although there have attempts to mitigate the 

progression and severity of AD with newer medications, the long-term effects and 

efficacy of new treatments remain unclear, and may also result in side effects that may 

impact patient adherence (Alzheimer’s Associations, 2024). It also appears that those 

with APOE ε4 may be more vulnerable to those side effects. With advancements in the 

medical field, people are living longer with dementia but continue to struggle with these 

challenges, and as such, our study’s findings remain relevant and important for 

understanding factors that characterize dementia types and those that influence disease 

course.  
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It also appears that diagnoses of VaD alone, AD with VaD, and Other dementia 

may have the greatest opportunity for intervention related to modifiable risk factors and 

the significant role that overall health status and conditions of the heart, related to these 

diagnoses. In considering generations living today, trends of Americans choosing 

healthier foods has increased in recent decades (USDA, 2014), and further the USDA has 

continued to provide accessible data regarding dietary guidelines for consumers (USDA, 

2024). However, despite these reports, other reports indicate that obesity in the US has 

continued to steadily rise since 1999 (Wang et al., 2020) and as such, overweight and 

obesity remain important health factors to study. The increase of accessible resources in 

recent decades provides support to providers too in that patients can more easily access 

health and nutrition related information outside of the medical setting and in conjunction 

with their care providers. This is also related to our study’s finding that overall health 

status functions as a risk factor for negative outcomes (cognitive, functional, mortality) 

rather than a moderator of trajectory of decline. In recent years, guidelines for diagnosis 

of hypertension have been modified to include lowered cut points in an effort to support 

early identification and intervention (Armstrong, 2018). The utilization of updated health 

recommendations and information, along with early implementation of preventative 

measures will likely have the greatest positive outcome earlier on in life and prior to 

dementia onset.  

Interestingly, higher education was associated with worse overall DSRS score, 

suggesting increased functional impairment. Given the known trend that cognitive 

reserve results in delays to identifying disease onset, it may be the case that this result is 

reflective of a more severe disease state that is being observed at baseline visit of this 
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study, which in other cohorts has been associated with more rapid decline (Stern, 2012).  

Those in worse health and with a diagnosis of other dementia type also appear to be more 

vulnerable towards functional difficulties. This further highlights the need to attend to 

functional needs of patients, particularly knowing that females in this study struggled to 

perform ADLs more than males and integrating the finding that while males initially 

display stronger functional abilities overall, they do appear to go on to experience a more 

rapid decline than their female counterpart for those with non-AD forms of dementia.  

Importantly, this study utilized incident cases when examining cognitive and 

functional changes over time and mortality. This is significant because incident cases 

tend to be more difficult to identify, with diagnoses often being made years after onset 

when it is more challenging to pinpoint when onset may have occurred. In our sample, 

incident cases on average, were identified within three years of dementia onset, and thus 

allowed for a more accurate observation of what trajectories look like among different 

dementia types (as opposed to capturing someone midway through their disease course). 

In recent years the medical field has made advancements in early detection of dementia 

[e.g. improvement in biomarkers (Forlenza, 2015), routine screenings at routine medical 

visits] and the growth in the development of medications to stave of disease progression 

upon onset. The advancement in identifying people with dementia earlier on in their 

disease course may result in an increase in incident cases of dementia; however, that 

coupled with some of the improvements to disease management, may also allow for 

earlier intervention and slower disease progression. This study’s findings continue to 

offer value information for providers even in the context of these current day 
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advancements, and certainly remain relevant for those living in contexts that do not 

afford the same level of advanced care (e.g. those living in rural regions).  

In examining mortality, those with a diagnosis of AD with another type of 

dementia were at the greatest risk for death, followed by Other dementia, and VaD 

(compared to having AD alone). Further, general health status was associated with 

reduced risk for death, as was greater BMI. This finding is notable in that high BMI is 

often considered a reflection of lower overall health, though for the older adult 

population, it appears that higher weight is actually protective, in the setting of other 

positive health factors; or, low BMI is an indication of an end stage of life. This offers 

insight into how interpretations of different indicators of health change across the lifespan 

and with dementia, and how special attention on maintaining an appropriate weight may 

be critical for some older adults. It appears that having dementia diagnoses that are 

associated with or are a consequence of cerebrovascular and cardiovascular issues, along 

with generally poorer health and those with low BMI later in life, suffer the greatest in 

regard to their cognitive and functional outcomes, as well as being vulnerable to lower 

survival rates.  

Some studies have also offered key windows for intervention to effect change on 

either dementia onset or disease course (Borenstein et al., 2006; Livingston et al., 2020). 

Yaffe et al. (2021) described an association between early life cardiovascular risk factors 

and later in life cognitive decline, alluding to the importance of preventative action 

related to modifiable health factors. Managing overall health status and individual health 

conditions, with special attention to weight loss over time, may help promote longevity in 

older adults. As seen in this study, cerebrovascular and cardiovascular conditions were 
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among the most important risk factors to influence risk for AD-VaD, VaD and Other 

dementia type, above several others included in the study. Those risk factors may also 

place someone at greater vulnerability for poorer overall health status, which was also 

closely related to risk for VaD and Other dementia, and to cognitive and functional 

outcomes.  

This study offers many avenues for future research to expand upon, that would 

help bolster and better generalize these findings. While this study drew from a large 

population-based sample, a more representative sample of the general population would 

be one that is ethnically diverse. Within the “Other” dementia group, there are many 

comorbid diagnoses that have unique clinical characteristics, but due to low numbers of 

these individual diagnoses (e.g. FTD, LBD) this group could not be separated out further. 

In support of what this study sought to do, which included examining risk factors among 

a broader range of diagnoses within one sample, having the sample size in the future to 

further break down this kind of mixed group would be an important next step, as well as 

studying other health factors that might be associated with mortality among those 

diagnoses. Further, the integration of biomarkers would help clarify and strengthen 

diagnosis group accuracy. The complex nature of having dementia of an undetermined 

etiology or comorbid conditions (e.g. greater cognitive and functional difficulties, higher 

occurrence of health conditions and overall poor health status) was observed in this study, 

highlighting the important role that overall health can have on prognosis, regardless of 

dementia diagnosis. With the growing use of biomarkers as indicators specific dementia 

type, diagnostic specificity may be provided for those who have previously been 

identified as DUE here or in other cohorts (e.g. Crystal et al., 2000) to rule out other 
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types of dementia. One may hypothesize that as the field grows in its ability to identify 

more accurately the pathology associated with specific dementia types, there may be 

fewer individuals carrying diagnoses of DUE, as diagnostic specificity grows. As earlier 

described, Crystal et al. (2000) report wide ranging prevalence of DUE (2-65% 

depending on population sample), and this article also cautions that risk for having a 

DUE increases with age. It does not appear that prevalence of DUE since the publication 

of that article has been well described, and it remains unclear if the advancements in the 

medical field in the last few decades will influence rates of DUE in the future.   

This present study examined overall health status and BMI on mortality, and it 

would be important to expand upon this, perhaps examining the influence of specific 

health factors most associated with dementia type in this study and examine how those 

may influence survival amongst all dementia diagnosis groups. It is the hope that this 

study has contributed to this growing body of literature, aiding healthcare providers in 

offering patient opportunities for early intervention by modifying risk factors as able, and 

providing patients and their families with expectations regarding disease course.
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APPENDIX A:  BREAKDOWN OF OTHER DEMENTIA BY RESEARCH 

QUESTION 
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    Table A 
 
    Diagnoses Comprised in “Other” Diagnosis Group, by Research Question  
 

Primary 
Diagnosis Secondary Diagnosis 

Research 
Question  

1 

Research 
Question 

2 

Research 
Question 

3A_Males 

Research 
Question 

3A_Females 

Research 
Question 

3B 

DUE - 56 34 8 20 34 

DUE Other medical diagnosis 11 11 4 6 11 
DUE Vascular changes 10 5 4 4 5 
DUE Other neurologic diagnosis 7 5 - - 5 
DUE Stroke 5 5 - 4 5 
DUE Mild Ambiguous Breitner criteria 4 - - - - 
DUE Major Depression 4 3 1 1 3 
DUE Neuropsychiatric disorder 3 2 1 1 2 
DUE Severe head trauma with residual 3 2 2 - 2 
DUE Parkinson's 2 2 1 - 2 
DUE Other psychiatric 2 2 1 1 2 
DUE Alcoholism current 1 1 - 1 1 
DUE Alcoholism past 2 2 2 - 2 
DUE Head injury 1 - - - - 
DUE Mental Retardation/Developmental Disability 1 1 - - 1 
DUE ALS without dementia 1 1 1 - 1 

Parkinson's Parkinson’s 7 6 4 2 1 
Parkinson's Possible Lewy Body  6 3 2 1 3 
Parkinson's Mild Ambiguous Breitner criteria 1 1 - 1 1 
Parkinson's No AD contribution 1 1 1 - 1 
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Primary 
Diagnosis Secondary Diagnosis 

Research 
Question  

1 

Research 
Question 

2 

Research 
Question 

3A_Males 

Research 
Question 

3A_Females 

Research 
Question 

3B 

Parkinson's Stroke 1 - - - - 
Parkinson's Other neurologic diagnosis 1 1 1 - 1 
Parkinson's Other medical diagnosis 1 1 1 - 11 
Parkinson's Mild Impairment 1 1 1 - 1 
Parkinson's Major Depression 3 3 2 1 3 
Parkinson's Vascular changes 2 2 2 - 2 
Frontal lobe dementia - 5 3 3 - 3 

Frontal lobe dementia Mild Ambiguous Breitner criteria 1 - - - - 

FTD tangle only subtype - 2 2 1 1 2 

FTD tangle only subtype Vascular changes 1 1 - 1 1 

FTD tangle only subtype Definite Vascular Changes on neuropathology 1 1 - 1 1 

FTD tangle only subtype Other neuropathology 1 1 - 1 1 

FTD on neuropath, PPA subtype - 1 1 - 1 1 

Dem Lacking distinctive Histology - 2 - - - - 

PSP - 1 1 1 - 1 
PSP per neuropath - 1 1 - 1 1 

Major Depression DUE 1 1 1 - 1 

Major Depression Mild Impairment 1 1 1 - 1 

Neuropsychiatric disorder DUE 1 - - - - 
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Primary 
Diagnosis Secondary Diagnosis 

Research 
Question  

1 

Research 
Question 

2 

Research 
Question 

3A_Males 

Research 
Question 

3A_Females 

Research 
Question 

3B 

Severe head trauma with residual - 1 1 - - 1 

Severe head trauma with residual Vascular changes 1 1 1 - 1 

Severe head trauma with residual Other psychiatric 1 1 1 - 1 

Alcoholic Dementia  Mild Ambiguous Breitner criteria 1 - - - - 

Hypoperfusion dementia - 1 1 1 - 1 

Hypoperfusion dementia Mild Ambiguous Breitner criteria 1 - - - - 

Hypoperfusion dementia Definite Vascular Changes on neuropathology 1 - - - - 

NPH Definite Vascular Changes on neuropathology 1 - - - - 

Definite Lewy Body  - 1 - - - - 

Possible Lewy Body  - 1 1 1 - 1 

Possible Lewy Body  Other psychiatric 1 1 1 - 1 

Dem Lacking distinctive Histology Major Depression 1 - - - - 

Dem Lacking distinctive Histology Other neurologic diagnosis 1 - - - - 

Hippocampal sclerosis 
- 
 1 1 1 - 1 

Possible Picks Disease - 1 - - - - 

Other neuropathology DUE 1 1 - 1 1 
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Primary 
Diagnosis Secondary Diagnosis 

Research 
Question  

1 

Research 
Question 

2 

Research 
Question 

3A_Males 

Research 
Question 

3A_Females 

Research 
Question 

3B 

Notes. DUE = dementia of undetermined etiology, FTD = frontotemporal dementia, NPH = normal pressure hydrocephalus, Dem = dementia, PSP = progressive supranuclear palsy, ALS = amyotrophic lateral sclerosis, AD = Alzheimer’s disease.   
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APPENDIX B: DEMENTIA SEVERITY RATING SCALE 
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APPENDIX C: MEDICAL HISTORY  
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APPENDIX D: MEDICAL CONDITION GROUPINGS 
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Table D 
 
Breakdown of medical conditions comprised in the medical groups  
Grouping   Individual Conditions 
Conditions of the Brain A.V. Malformation 

Aneurism Cerebral 
Cerebritis, any cause 
CNS vasculitis 
Encephalopathy, any cause 
Hydrocephalus, Other 
Hypoxic exposure acute 
Neurotoxin Exposure 
Tumor Brain, non-malignant 
Multiple sclerosis 
Seizure disorder 
Cerebral palsy 
HIV 
Neurosyphilis 
Cerebral aneurism 

 

Arrhythmias and Related 
Procedures  

Arrhythmia, NOS 
Arrhythmia, other atrial 
Arrhythmia, other ventricular 
Pacemaker 
Pacer/Defibrillator 
Atrial fibrillation 

 

Major Cardiac  Angina/CAD 
Angioplasty/stent replacement 
CABG S/P 
Myocardial infarction, multiple 
Myocardial infarction, single 
Carotid Arterial Disease 
Carotid endarterectomy, S/P 
DVT 
Peripheral vascular disease/claudication/ASVD 

 

Cardiac, Minor Cardiac Arrest 
Cardiomyopathy 
Pericarditis 
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Tachycardia 
Valvular heart disease 
Aneurism, aortic 

 

Congestive Heart Failure   
Hyperlipidemia   
Hypertension  
Cancer Basal Cell Carcinoma 

Bladder Carcinoma 
Breast Carcinoma 
Colon Carcinoma 
Head/Neck Carcinoma 
Leukemia/blood dyscrasia/lymphoma 
Malignant Melanoma 
Ovarian Carcinoma 
Prostate Carcinoma 
Renal Carcinoma 
Uterine Carcinoma 

 

Depression  
Psychiatric Abuse/dependence, alcohol 

Abuse/dependence, substance 
Anxiety disorder 
Bipolar disorder 
Psychosis or “breakdown”, NOS 

 

Autoimmune  Arthritis rheumatoid 
Autoimmune disorder other severe (Sjogren’s Scleroderma, 
etc.) 

Fever Rheumatic 
Systemic lupus erythematosus 

 

Chronic Pain Arthritis Osteoarthritis/Degenerative disc 
disease/Degenerative joint disease 

Carpal Tunnel 
Fibromyalgia/Chronic Fatigue Syndrome 
Osteoporosis 
PMR 
Scoliosis 
Tendonitis/Bursitis 
Gout 

 

Gastric/Digestive  Crohn’s disease/Ulcerative colitis 
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GERD 
Irritable bowel syndrome/spastic colon/chronic colitis 
PUD 
Pancreatitis, acute 
Hepatitis C 
Hepatitis unspecified 

 

Pulmonary  Asthma 
Bronchiectasis/chronic bronchitis 
Chronic obstructive pulmonary disease, not oxygen-
dependent 

Chronic obstructive pulmonary disease, oxygen-dependent 

Embolism, pulmonary 
Fibrosis, pulmonary 
Pneumonia 
Tuberculosis 

 

Urologic  Benign Prostate Hypertrophy 
Cystitis, chronic/recurrent 
Cystitis, occasional 
Kidney problem, other 
Nephrolithiasis 
Prostatitis 
Pyelonephritis, chronic 
Renal insufficiency, chronic 
UTI, chronic 

 

Thyroid Hyperthyroidism 
Hypothyroidism 

 

Diabetes Diabetes Mellitus, diet-controlled 
Diabetes Mellitus, insulin-dependent 
Diabetes Mellitus, oral hypoglycemics 

 

Blood Deficiencies  Anemia, any cause 
B12 deficiency 
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APPENDIX E: NEUROPSYCHIATRIC INVENTORY 
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APPENDIX F: FAMILY HISTORY  
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APPENDIX G: NEUROLOGICAL EXAMINATION 
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APPENDIX H: NEUROLOGICAL GROUPINGS 
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Table D 
 
Breakdown of medical conditions comprised in the medical groups   
Neurologic Grouping Conditions/Signs/Symptoms 
Facial Movements   Jaw movement 

  Wide smile 
Upper Body  Chin Strength 

Shoulder strength   
 

Muscle Tone, Pronator Drift Upper Extremity 
Strength, Lateralized   

Upper extremity strength  
Muscle tone 
Pronator drift  

 

Speech Features Repetition (kitty, go, la) 
Rate 
Clarity  

 

Pharyngeal movement   
Visual Fields  
Pupillary Reflex  
Lateral Gaze  
Vertical Gaze   
Primitive Reflexes Grasp 

Snout 
Visual suck 
Tactile suck 

 

Myoclonus  
Tremor Tremor  

Postural tremor 
 

Pressure and Release   
Cogwheeling  Tendonitis/Bursitis 

Gout 
 

Deep Tendon Reflexes, lateralized    Biceps  
 Knees  
 Brachial  

Plantar Reflex   
Romberg    
Festination/shuffle    

 

 
 
Gait width  

 

Bradykinesia   
Posture  
Ideational Praxis Comb, hammer, brush 
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Ankle clonus  
Finger tapping, lateralized  Left and right finger tapping  
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Population: Cognitively healthy Iranian and Hispanic adults  
 

06/17 – 06/18 Research Assistant  
Mary S. Easton Center for Alzheimer’s Disease Research, David 
Geffen School of Medicine at UCLA  
Principal Investigator: Ellen Woo, PhD, Associate Professor 
Experiences:  
• Administered neuropsychological batteries to older adults with 

dementia or mild cognitive impairment  
• Scored and interpreted data  
• Wrote neuropsychological assessment feedback letters under the 

supervision of board- certified clinical neuropsychologist and 
physicians within multidisciplinary care team 

Population: 
• Outpatient, older-adults  

 
08/17 – 11/17  Research Assistant  

Department of Psychiatry at Harbor UCLA Medical Center  
Principal Investigator: Matthew Wright, PhD, Assistant Professor   
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• Administered neuropsychological batteries to adults with traumatic 

brain injuries  
• Scored and interpreted data 

Population:  
• Adults; diverse SES  
• Outpatient, TBI 
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• Contributed to the writing of two original research articles  
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evaluations 
• Involved in the designing of new studies  
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• Inpatient psychiatric hospital  
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Invited Presentations  
Kauzor, K. & Bergeson, J. (2018, 2019). Alzheimer’s Disease: Presentations, Course 
and Current State of Research. Talk presented to the USU Department of Nursing at 
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of the International Neuropsychological Society, New Orleans, LA.   

8. Kauzor, K., Lara-Ruiz, J., Castillo, G., Banuelos, D., Flowers, A., Alostaz, J., 
Nakhla, M., & Razani, J. (2016, May). Effects of acculturation on attention test in 
ethnically diverse populations. Poster presented at the annual convention of the 
Association for Psychological Science, Chicago, IL.  
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11. Kauzor, K., Flowers, A., Lara-Ruiz, J., Apostolova, L., Woo, E., Ringman, J., & 
Razani, J. (2016, February). Daily functioning in MCI patients with and without 
caregivers. Poster presented at the annual meeting of the International 
Neuropsychological Society, Boston, MA. 

12. Kauzor, K., Castillo, G., Alostaz, J., & Razani, J. (2015, November). Financial 
capacity of cognitively impaired individuals using ADL tasks. Poster presented at 
the annual meeting of the National Academy of Neuropsychology, Austin, TX.  
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(2015, May). Cognitive function of Alzheimer’s and MCI individuals on 
categories of the direct assessment of functional status. Poster presented at the 
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Apostolova, L. (2015, February). Memory performance in MCI using memory and 
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presented at the annual meeting of the International Neuropsychological Society, 
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Acculturation and measures of executive functioning in Caucasian and Hispanic 
individuals. Poster presented at the annual psychology undergraduate research 
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California State University, Northridge 
Course: Statistical Methods in Psychology 
Supervisor: Jill Razani, PhD 

 
Course: Psychology Research Methods  
Supervisor: Sheila Grant, PhD 
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Meedk – A brain health network for Armenians around the 
world,  
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Los Angeles LBGT Center  
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Neuropsychology  
(Division 40)  

  
2015 – Present  International Neuropsychological Society (INS) 
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*Beck Depression and Anxiety Scales 
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Boston Diagnostic Aphasia Examination 
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*California Verbal Learning Test-II 
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