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ABSTRACT 

Alzheimer’s disease (AD) has been described as having a variable presentation and 

clinical course. The AD literature has examined various patient characteristics and 

patterns of performance on neuropsychological measures that may be associated with rate 

of dementia progression. A review of these studies has resulted in largely equivocal 

findings, which can be attributed to variations in the methodology employed across the 

studies. Other studies have found that a calculated pre-progression rate reliably predicts 

rate of change in cognitive, functional, and global performance measures. The present 

study used mixed model regression to examine the predictive utility of a pre-progression 

rate estimate based on the cognitive subscale of the Alzheimer’s Disease Assessment 

Scale (ADAS-cog). After controlling for initial level of dementia severity and additional 

covariates, it was found that the ADAS-cog pre-progression rate did not predict rate of 

change on any of the measures that were examined (all p’s > 0.006). However, when 

patients were grouped according to ADAS-cog pre-progression rate, those groups 

differed significantly in rate of change on Mini Mental State Examination scores  

(p = .002). Thus, while previous research has shown that pre-progression rates can be of 

predictive utility, the findings from the present study revealed that the ADAS-cog is of 

limited value when it is used within this context.  
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INTRODUCTION 

 Alzheimer’s disease (AD) is a neurodegenerative disorder that is estimated to 

affect 5.2 million Americans over the age of 65 (Thies & Bleiler, 2011). As the 

percentage of the population over the age of 65 increases, the number of new cases of AD 

will rise, adding considerably to the already staggering economic and care giving costs 

that are associated with AD. In addition to the current estimate that 15 million Americans 

provide unpaid care for those with AD and other dementias, the cost of healthcare and 

services related to AD is projected to increase from the current amount of 183 billion 

dollars to 1.1 trillion dollars by 2050 (Thies & Bleiler, 2011). Thus, identifying variables 

associated with the progression of AD is important, as it could provide family members 

and caregivers information that is needed in order to plan for the care and resources that 

an individual with AD will require. While the causes of AD are still unclear, there have 

been many attempts to develop treatments which, thus far, have been mostly limited to 

psychopharmacological agents that attempt to stave off future decline. Numerous clinical 

drug trials have been conducted to determine the efficacy of these agents, and one of the 

main measures that has been used as a cognitive end point in these trials is the cognitive 

subscale of the Alzheimer’s Disease Assessment Scale (ADAS-cog; Rosen, Mohs, & 

Davis, 1984). Despite the wide use of the ADAS-cog, only a few studies have examined 

the predictive value of the ADAS-cog longitudinally.  

The purpose of this paper is to examine the existing literature regarding the 

predictive validity of the ADAS-cog, and to present a study that examined the utility of 

the ADAS-cog in a novel way. The introduction presents findings regarding patient 

variables and patterns of test performance that have been found to be associated with the 
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rate of progression in AD. The notion of estimating pre-progression rates will also be 

addressed, along with a discussion of how these rates have been calculated in the existing 

literature. In addition, empirical information regarding the ADAS-cog, which is 

commonly used in clinical drug trials as a measure of cognitive efficacy, is examined. In 

the final sections of the paper, a study examining the pre-progression predictive validity 

of the ADAS-cog is presented. 

Variables Associated with Progression in AD 

The course of AD has been described as heterogeneous, with some patients 

deteriorating more rapidly than other patients (Boller et al., 1991; Lopez et al., 2010; 

Mayeux, Stern, & Spanton, 1985). Due to the varying rates of progression that are found 

in this population, one topic that has been examined in the AD literature is identifying 

patient variables (e.g., cognitive, neurological, and demographic characteristics) and 

patterns of performance on neuropsychological measures that may be associated with the 

rate of progression of AD and may account for the heterogeneity that has been observed. 

Identifying the variables associated with accelerated progression is also important as it 

could provide information regarding expected clinical course to the patient and his/her 

family members, which may be beneficial for planning purposes. 

Neurological and Demographic Variables  

There have been numerous neurological and demographic patient variables that 

have been examined, including (a) the presence of psychiatric symptoms (Buccione et al., 

2007; Chui, Lyness, Sobel, & Schneider, 1994; Drachman, O’Donnell, Lew, & Swearer, 

1990; Mortimer, Ebbitt, Jun, & Finch, 1992; Stern, Mayeux, Sano, Hauser, & Bush, 

1987), (b) behavioral disturbance (Bliwise, Yesavage, & Tinklenberg, 1992; Mortimer et 

al., 1992), (c) myoclonus and extrapyramidal signs (Chui et al., 1994; Drachman et al., 
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1990; Lopez, Wisnieski, Becker, Boller, & DeKosky, 1997; Mayeux et al., 1985; 

Mortimer et al., 1992; Stern,  et al., 1987), (d) genetic markers, such as the apolipoprotein 

E ε4 genotype (APOE ε4; Aerssens et al., 2001; Cosentino et al., 2008; Hoyt, Massman, 

Schatschneider, Cooke, & Doody, 2005; Martins, Oulhaj, de Jager, & Williams, 2005), 

(e) age of dementia onset (Beatty, Salmon, Trӧster, & Tivis, 2002; Boller et al., 1991; 

Jacobs et al., 1994; Ortof & Crystal, 1989; Mayeux et al., 1985; Stern et al., 1994), (f) the 

patient’s level of educational attainment (Burns, Jacoby, & Levy, 1991; Pavlik, Doody, 

Massman, & Chan, 2006; Rasmusson, Carson, Brookmeyer, Kawas, & Brandt, 1996), (g) 

family history of AD (Drachman et al., 1990; Ortof & Crystal, 1989; Rasmusson et al., 

1996; Stern et al., 1994), and (h) the patient’s gender (Drachman et al., 1990; Stern et al., 

1994).  

A majority of the studies examining the association between the presence of 

psychiatric symptoms (e.g., delusions and hallucinations) and rate of decline have 

concluded that there appears to be an accelerated clinical course of cognitive decline in 

individuals with these symptoms. However, the results are somewhat varied and in part 

are based upon whether the endpoint was defined as being cognitive, functional, or both 

cognitive and functional status. For instance, a few of the studies found that psychiatric 

symptoms were associated with faster decline when progression was measured with a 

cognitive endpoint (Buccione et al., 2007; Chui et al., 1994; Stern et al., 1987) and when 

a functional endpoint was used (Buccione et al., 2007). Mortimer et al. (1992) reported 

that psychiatric symptoms predicted a faster rate of functional decline, as measured by 

caregiver reports, while Drachman et al. (1990) did not find that the presence of anxiety, 

depression, or psychosis was related to rate of functional decline when the endpoint was 



4 

 

dependence in activities of daily living, incontinence, and institutionalization. Thus, even 

though the findings are mixed, there has generally been empirical support for the 

presence of psychiatric symptoms being associated with more rapid rate of AD 

progression. 

In addition, behavioral disturbances (e.g., “sundowning” and sleep disturbance) 

have also been found to be related to faster rate of decline (Bliwise et al., 1992; Mortimer 

et al., 1992). The presence of extrapyramidal signs and myoclonus have also generally 

been found to be associated with faster rate of decline, with one study finding a 

relationship to cognitive and functional decline (Mayeux et al., 1985), others finding 

extrapyramidal signs associated with faster functional decline (Lopez et al., 1997; 

Mortimer et al., 1992), and some finding a relationship with these symptoms to cognitive 

decline (Chui et al., 1994; Stern et al., 1987). In contrast, Drachman et al. (1990) did not 

find faster rate of functional decline in patients with extrapyramidal signs. In summary, 

there is substantial evidence linking behavioral disturbances and extrapyramidal signs to 

rate of AD progression; however, there is not universal support for these findings. 

The presence of APOE ε4 is thought to be associated with increased risk of 

developing AD; however, studies examining its relationship to progression of AD have 

revealed inconsistent findings. Hoyt et al. (2005) and Aerssens et al. (2001) did not find 

APOE ε4 to be related to a faster cognitive or functional decline. Yet, this remains 

unclear, as other studies have found APOE ε4 to be related to faster cognitive decline 

(Cosentino et al., 2008; Martins et al., 2005). More recently, attempts have been made to 

identify other genetic markers that are associated with accelerated progression. In a 

recent study, Cruchaga et al. (2010) identified a genetic marker, single nucleotide 
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polymorphism (SNP) rs 1868402, which was found to be associated with progression of 

AD.  

The possible relationships between patient demographic variables and rate of 

decline have also been examined. Several studies indicated that there is not a relationship 

between earlier age of onset and faster rate of decline (Boller et al., 1991; Ortof & 

Crystal, 1989; Mayeux et al., 1985; Stern et al., 1994). However, there have been 

inconsistencies in this finding (Beatty et al., 2002; Jacobs et al., 1994; Rasmusson et al., 

1996). Rasmusson et al. (1996) posit that one potential reason for the discrepancy in 

findings may be the lack of statistical power in a few of the studies that did not find a 

relationship (e.g., Boller et al., 1991; Ortof & Crystal, 1989). 

The patient’s level of education has also been a variable of interest, as higher 

educational attainment has been found to be associated with a lower risk of developing 

AD (Pavlik et al., 2006). Pavlik et al. (2006) found that education was not an independent 

predictor of rate of decline when an estimate of premorbid intellectual functioning was 

taken into account. In this study, it was found that participants with higher premorbid 

intellectual functioning estimates, as measured by the American version of the National 

Adult Reading Test (AMNART) at baseline, had a slower rate of decline than those who 

had lower premorbid intellectual functioning estimates. Similarly, Burns et al. (1991) 

found no effect of educational attainment on rate of decline. In contrast, one study found 

increased years of education was related to a faster rate of cognitive decline (Rasmusson 

et al., 1996). Rasmusson et al. (1996) posit that individuals with higher levels of 

education may not have their AD detected until the disease severity is relatively worse 

compared to demented patients with lower levels of education. Thus, the faster decline in 
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individuals with more education would be attributed to an effect of increased dementia 

severity at the time of diagnosis, a view that is shared by Drachman et al. (1990). 

Other demographic variables that have been examined include the patient’s 

gender and family history of AD. The patient’s gender has generally not been found to 

have an effect on rate of progression (Drachman et al., 1990; Stern et al., 1994). 

However, one study (Doraiswamy et al., 1997) reported that males had a slower rate of 

progression. There have also been several studies that have shown that a family history of 

AD does not have an effect on rate of decline (Drachman et al., 1990; Ortof & Crystal, 

1989; Stern et al., 1994). The exception to this general trend was Rasmusson et al.’s 

(1996) study, in which it was reported that positive family history was related to faster 

rate of decline. 

Patterns of Performance on Neuropsychological Tests 

Numerous studies have also examined whether performance patterns on 

neuropsychological tests and level of initial cognitive impairment are associated with rate 

of progression (Atchison, Bradshaw, & Massman, 2004; Atchison, Massman, & Doody, 

2007; Beatty et al., 2002; Becker, Huff, Nebes, Holland, & Boller, 1988; Berg et al., 

1984; Boller et al., 1991; Burns et al., 1991; Cosentino, Scarmeas, Albert, & Stern, 2006; 

Drachman et al., 1990; Marra, Silveri, & Gainotti, 2000; Mortimer et al., 2005; 

Rasmusson et al., 1996; Sarazin et al., 2005).  

Some of these studies have specifically examined whether poor performance on 

language measures is predictive of rate of progression. A few of the studies have found 

that there does appear to be an effect (Berg et al., 1984; Boller et al., 1991; Mortimer et 



7 

 

al., 1992), but others have not found an effect (Burns et al., 1991; Rasmusson et al., 1996; 

Sarazin et al., 2005).  

Examining these studies individually, Boller et al. (1991) investigated the 

predictive value of performance on several language measures, including the Boston 

Naming Test (BNT), Token Test, and measures of reading comprehension and writing 

ability, that were administered as part of a larger neuropsychological battery. Nonverbal 

measures and attention tasks were also administered. Participants were divided into two 

groups, slow decliners and fast decliners, based on the amount of decline in their Mini 

Mental State Examination (MMSE) scores during a two year period. A decline of six or 

more points in MMSE score in either year was considered a fast decline, whereas a slow 

decline was defined as a decline of less than two points per year. Performance on 

attention and verbal tasks was significantly different between the two groups, and the 

BNT was the best predictor of whether a patient was in the slow or fast decliner group. 

Thus, the results of this study indicated that language impairment, particularly as 

measured by the BNT, may be a useful predictor of AD progression.  

 In contrast to the findings of Boller et al. (1991), Rasmusson et al. (1996) found 

that better performances on the BNT and worse performance on the Responsive Naming 

Test and the Token Test, were predictive of more rapid decline. Inconsistencies in the 

findings have been attributed to differences in controlling for covariates (Atchison et al., 

2004). 

It has also been of interest whether specific impairment on lexical or semantic 

measures is related to faster rate of decline (Beatty et al., 2002; Becker et al., 1988; 

Cosentino et al., 2006). Beatty et al. (2002) found poor semantic fluency, but not poor 
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lexical fluency, was related to faster progression, whereas others have found poor 

performance on both semantic and lexical fluency measures to be predictive (e.g., 

Cosentino et al., 2006). Becker et al. (1988) did not find impairment in either lexical or 

semantic ability to be associated with rate of decline. 

Evaluating the predictive value of performance on non-language measures has 

received relatively less attention in the literature (Marra et al., 2000; Rasmusson et al., 

1996). The findings have been mixed, but generally poor performance on non-language 

measures has been found to be related to a faster rate of functional decline (Buccione et 

al., 2007; Mortimer et al., 1992; Drachman et al., 1990) and cognitive decline 

(Rasmusson et al., 1996).  

 In summary, researchers have identified that poor performance on a few 

neuropsychological measures has been associated with rate of progression; however, 

inconsistent findings have led other researchers to instead focus on examining the 

predictive value of the initial level of dementia severity, and whether overall profiles are 

potentially predictive of rate of decline.  

Numerous studies have found an effect of initial level of severity (obtained at a 

patient’s first, baseline assessment) on the rate of progression (Atchison et al., 2004; 

Atchison, et al., 2007; Berg et al., 1984; Burns et al., 1991; Boller et al., 1991; Drachman 

et al., 1990; Marra et al., 2000). For example, Atchison et al. (2004) examined initial 

patterns of performance on neuropsychological measures to determine if a pattern of 

neuropsychological test performance was associated with accelerated decline. Initial 

MMSE scores were approximately equal among the three groups of participants, who 

were classified as slow, medium, or fast decliners. Participants were assigned to groups 
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on the basis of rate of change calculated by taking the difference of the patient’s baseline 

MMSE score from a follow-up MMSE score and dividing this by the intervening number 

of months. Profile analysis revealed that those in the fast MMSE decline group had 

significantly more impaired performance on neuropsychological measures, including the 

WAIS-R subtests of Arithmetic, Similarities, Picture Completion, Block Design, and 

Digit Symbol, and on the Verbal Series Attention Test (VSAT), at the baseline 

evaluation. This was found despite the fact that initial MMSE scores were equal among 

the three groups, and suggests that lower initial cognitive functioning is associated with 

more rapid cognitive decline (Atchison et al., 2004). 

In addition to being predictive of cognitive decline, baseline severity of 

impairment has also been found to be predictive of functional decline. Atchison et al. 

(2007) revealed how baseline level of cognitive impairment was predictive of functional 

decline by using an approach similar to that used in Atchison et al. (2004). This study 

divided participants into slow, medium, and fast declining groups based on rate of change 

on the Lawton Physical Self-Maintenance Scale (PSMS). Initial PSMS scores did not 

differ between the three groups; however, it was found that participants with rapid 

decline of PSMS scores were significantly more impaired on neuropsychological 

measures at the baseline evaluation. Furthermore, a differential pattern of performance 

was found, as those in the fast declining group had more severe impairment on measures 

of visual spatial skills, processing speed, and concept formation compared to those in the 

slow and medium declining groups. 

In sum, perhaps the most consistent finding in the AD progression research 

literature has been that increased initial level of dementia severity is predictive of faster 
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rates of progression. Patient demographic characteristics and neurological variables have 

received considerable attention in the literature, but have largely resulted in inconsistent 

findings across studies. These inconsistencies are likely due to variations in the research 

methodology employed across the studies (Rasmusson et al., 1996). Methodological 

variations can be seen in the diagnostic criteria and design of the studies (e.g., cross-

sectional vs longitudinal). Furthermore, the studies have utilized different assessment 

measures (cognitive, functional, or global indicators of dementia severity level), have had 

differences with regard to when follow-up time points occurred, and have used different 

statistical approaches (Mortimer et al., 1992; Rasmusson et al., 1996). In addition, rate of 

decline in AD has been conceptualized in various ways and has been measured using 

cognitive and functional endpoints, which are likely associated with different predictor 

variables (Mortimer et al., 1992; Rasmusson et al., 1996). Mortimer et al. (1992) also 

suggested that perhaps one of the main confounds that has plagued several studies is the 

use of patients with varying degrees of initial severity. In addition, conflicting findings 

may be due to a lack of statistical power that was noted for a few of the studies (e.g., 

Boller et al., 1991; Drachman et al., 1990; Ortof & Crystal, 1989). These factors limit the 

ability to conclude with some assurance which variables are most strongly associated 

with progression.  

The examination of variables associated with differential rates of progression in 

AD is a multifaceted endeavor. Numerous factors are involved, which likely has led to 

the inconsistencies seen in the literature and the limited success of identifying these 

variables. Nonetheless, it remains an important topic due to the benefits it may have for 
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patients, their families, and for the medical system. In the next section, I will discuss a 

method that has been used to estimate rates of progression in AD.  

Calculating Pre-progression Rates in AD 

Doody, Massman, and Dunn (2001) described a new method that was used to 

estimate AD progression rates in a longitudinal study. In this study, Doody et al. (2001) 

examined the predictive value of an estimated pre-progression rate on subsequent 

progression, as individuals with probable AD are symptomatic for some period of time 

prior to their initial evaluation. Thus, a pre-progression rate could be calculated and 

examined to see if it would in fact predict subsequent observed and measured progression 

(i.e., those that were determined to be fast progressors according to pre-progression rate 

were hypothesized to continue to progress more quickly in comparison to individuals 

who were slow progressors based on the pre-progression rate). For each patient, a pre-

progression rate was calculated through the use of the following formula: “(MMSE score 

[expected] – MMSE score [initial]) / physician’s estimate of duration [in years]” (Doody 

et al., 2001, p. 450). The MMSE expected score was a normative value that was based on 

the patient’s age and level of education, and the MMSE initial score was the patient’s 

MMSE score at the initial visit. The physician’s estimate of illness duration was derived 

through a standardized procedure in which information regarding the patient’s 

chronology of symptoms was obtained from the patient and collateral informants, 

examination of medical records, and through an interview with the patient’s caregiver, 

who was asked to estimate the duration of 34 symptoms.  

Using the pre-progression rates, patients were divided into slow, intermediate, and 

rapid progression groups. The cutoffs used for these classifications were derived from the 

MMSE literature, which has revealed that an average decline in MMSE score is 2 to 4 
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points per year. Thus, the slow progression group consisted of individuals who had a pre-

progression decline of  0 – 1.9 MMSE points per year; the intermediate progression 

group was defined as having a pre-progression decline of 2 – 4.9 MMSE points per year; 

and the rapid progression group included individuals who had pre-progression declines of 

5 or more MMSE points per year. Follow-up progression rates were calculated through 

the following formula: “(MMSE score [last] – MMSE score [initial]) / interval between 

follow-up visits [in years]” (Doody et al., 2001, p. 450). The clinical endpoint used to 

reflect clinically significant decline was a decrease in MMSE score of 5 points from the 

initial evaluation. Results indicated that while the progression of AD over time was not 

linear, the pre-progression rates were predictive of subsequent progression. Individuals 

who were classified as rapid progressors based upon calculated pre-progression rates 

were found to reach the progression endpoint before those individuals who had been in 

the intermediate or slow progression groups. Doody et al. (2001) state that the results 

from this study are of clinical utility, as they suggest that patients could be informed of 

the duration of time that might occur before they experience a clinically significant 

decline, as measured by the MMSE. One limitation of this study was that the pre-

progression formula’s predictive value was assessed only for the MMSE. 

To address this limitation, Doody et al. (2010) used the pre-progression formula 

to determine if the calculated pre-progression rate using the MMSE scores could predict 

performance on follow-up scores on other cognitive measures, and if the pre-progression 

estimation could be used to predict length of survival. Pre-progression rates were 

calculated per the method utilized in Doody et al. (2001). The patients were then grouped 

according to progression rate: slow, intermediate, or rapid. Participants were 
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administered a battery of measures at baseline and during follow-up evaluations. The 

cognitive measures that were examined included the MMSE, ADAS-cog, VSAT, and a 

global measure of functioning, the Clinical Dementia Rating Scale Sum of Boxes (CDR-

SB). In addition, the functional rating measures that were examined included the PSMS 

and Instrumental Activities of Daily Living scale (IADL). Covariates included a measure 

of estimated premorbid verbal intellectual functioning (AMNART), age, sex, educational 

attainment, and whether the patients had symptoms of hallucinations, delusions, or 

extrapyramidal signs. A random effects linear regression model was used in order to 

estimate the association between the three pre-progression categories and rate of change 

on the cognitive and functional measures. Results indicated that individuals in the slow 

and intermediate pre-progression groups had better baseline performance on the ADAS-

cog, VSAT, CDR-SB, and IADL measures in comparison with those in the rapid pre-

progression group. Participants in the slow and intermediate groups continued to maintain 

this better performance over time. In contrast, there were no differences at the initial 

evaluation in PSMS scores. Less change in the ADAS-cog and PSMS slopes were found 

for those in the slow and intermediate group as compared the slopes for those in the rapid 

group. However, CDR-SB rates of change were higher in the intermediate group than in 

the rapid group. It was also found that those in the slow progression group had longer 

survival time as compared to those in the rapid progression group. Thus, the pre-

progression formula was found to provide predictive information regarding performance 

on cognitive, functional, and global performance measures, and it also provided clinically 

useful information regarding the relationship between rate of pre-progression and 

duration of survival. 
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Conclusions from Doody et al. (2010) suggest that the predictive value of other 

widely used measures, such as the ADAS-cog, could be examined using the pre-

progression method in order to assess if this measure could be of further clinical utility. 

Thus, the central aim of the current study was to evaluate the predictive utility of the 

ADAS-cog using the pre-progression approach that was first used by Doody et al. (2001). 

In the next section, I will present findings from the AD literature regarding the 

psychometric properties of the ADAS-cog, as well as the results from longitudinal studies 

evaluating change in ADAS-cog scores over time.  

ADAS-cog 

Rosen et al. (1984) introduced the ADAS as a rating scale that was devised to 

determine the level of severity of cognitive impairment and behavioral changes that are 

commonly seen in individuals who are diagnosed with AD.  

The ADAS was designed largely due to criticisms of the limited rating scales that 

were already in existence. These measures were said to be insensitive to the full range of 

dementia severity and were not comprehensive in nature, as a few of the measures only 

had an item or two that evaluated aspects of cognition (Rosen et al., 1984). The ADAS 

was also developed due to the increasing attention toward prevention of cognitive 

decline, particularly memory decline, with the advent of AD psychopharmacological 

research. Rosen et al. (1984) stated that the objective of developing the ADAS was to 

devise a rating scale that would assess the hallmark characteristics that are seen in 

individuals with AD. The domains of cognitive functioning that are assessed with the 

ADAS include aspects of memory, praxis, and language. The non-cognitive domains 

include changes in mood and behavioral functioning. 
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 The cognitive subscale of the ADAS (ADAS-cog) is comprised of 11 cognitive 

subtests. Memory is evaluated through items assessing orientation to person, place, and 

time; ability to remember test instructions; and word recall and recognition through list-

learning tasks. Expressive and receptive language abilities are evaluated through subtests 

involving responses to sequential commands and object and finger naming (Rosen et al., 

1984). The examiner also rates patients’ speech with regard to the ease at which they are 

able to make themselves understood, word-finding ability in spontaneous speech, and 

ability to understand what is said to them. Ideational and constructional praxis are also 

examined, as the patients are asked to complete the steps that would be needed to mail a 

letter to themselves, and they are asked to copy four geometric figures that range from 

relatively simple (i.e., a circle) to more complex in nature (i.e., a cube). The ADAS-cog 

sums to a total of 70 error points, with a higher number of points reflecting worse 

performance. 

Rosen et al. (1984) evaluated the initial psychometric data of the ADAS that were 

gathered with a sample of 27 individuals who were diagnosed with AD and 28 

individuals who were healthy. Interrater reliability for the cognitive subscale was .989 in 

the AD group and .968 in the control group. Test-retest reliability was .915 for the AD 

group and .646 for the control participants. Significant practice effects were not found in 

the AD participants, but were found in the control group. Significant group differences 

were found on the ADAS, with the AD group performing significantly worse on all of the 

cognitive items (p <.0001) and on the overall cognitive subscale score (p <.0001). In 

addition, the AD group’s overall non-cognitive subscale scores were significantly worse 

than those in the control group (p <.003). Performance at baseline and at a 12-month 
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follow-up was evaluated in ten AD patients and ten controls. It was found that the AD 

patients had a significant increase in scores at follow-up from baseline; whereas, the 

control group did not. Correlation of the ADAS-cog with the Dementia Rating Scale was 

found to be significant (r = .484, p <.01). For the final version of the ADAS, only items 

with sufficiently high interrater reliability were kept. The authors concluded that the 

ADAS is likely a useful rating scale that could be used in AD research, including 

longitudinal studies examining the effect of psychopharmacological agents.  

Numerous studies were conducted with the ADAS-cog following the initial study 

by Rosen et al. (1984) in order to further assess the psychometric properties of the 

measure and to examine if patient variables, such as gender, age, and years of education 

affected performance. In addition, studies examined the performance of the ADAS-cog 

longitudinally, as it was initially stated that the measure was sensitive to change over 

time and could be used to assess progression of AD.  

Zec et al. (1992a) administered the ADAS-cog to patients with AD and to healthy 

older adult volunteers. The ADAS-cog was able to discriminate individuals with very 

mild, mild, moderate, and severe AD from controls. There was not a significant effect of 

education on ADAS-cog scores and there were only minimal effects of age found for the 

control group. Thus, the ADAS-cog was found to be a useful screening measure, as it was 

sensitive to mild impairment and was able to reflect varying levels of dementia severity, 

which is necessary in order to stage and track progression of AD. In contrast to these 

findings, Doraiswamy et al. (1995) found a significant effect of education on baseline and 

12-week follow-up ADAS-cog scores. The differences in these findings may be due to 
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Doraiswamy et al. (1995) controlling for other variables including age, gender, and 

dementia severity. 

Other studies have examined the specific subscales and items on the ADAS-cog. 

In a cross-sectional study, Zec et al. (1992b) examined the ADAS-cog subscales in order 

to evaluate whether the subscales were differentially sensitive to level of dementia 

severity. The subscales of the ADAS-cog were found to be differentially sensitive to 

change at different levels of dementia severity. For instance, the memory and 

spontaneous language subscales were found to decline early in the AD course, whereas 

praxis, ability to complete sequential commands, and ability to name to confrontation 

were found to decline as dementia severity increased. While the results suggest some 

limitations of the various subscales with regard to maximal sensitivity, that pattern of 

results closely follows the profile of impairments that is seen in AD as progression occurs 

(e.g., prominent memory problems as one of the first indicators of AD; Zec et al., 1992b).  

Benge et al. (2009) conducted item response theory (IRT)-based analyses on 

ADAS-cog scores from a large sample of individuals with probable AD in order to 

evaluate the relationship between an error point on the ADAS-cog scale and the 

underlying dementia severity. Results indicated that the ADAS-cog subscales provided 

the most information within the moderate range of AD severity. In addition, Benge et al. 

(2009) found that, in terms of underlying dementia severity, the meaning of an error point 

was not equal across the range of scores.  

Cano et al. (2010) further examined the psychometric properties of the ADAS-cog 

by evaluating data completeness, testing scaling assumptions, targeting, reliability, 

validity, and responsiveness. Results supported previous findings pertaining to the 
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ADAS-cog’s psychometric properties with individuals with mild and mild to moderate 

AD. However, the item level analyses revealed that scale to sample targeting was below 

optimal, as half of the items were too easy for a substantial number of the patients 

(ceiling effect). Test-retest reliability and validity were satisfactory. Overall the measure 

was found to be satisfactory.  

Studies have also examined the effects of patient demographic variables on 

ADAS-cog scores. In a multicenter drug trial study, Doraiswamy et al. (2001) examined 

the baseline data from a large sample of participants with AD who were randomized to 

the placebo arm. Participants were administered the ADAS-cog, the MMSE, and the 

Global Deterioration Scale. The effect of participant variables, such as gender, education, 

family history, and age of dementia onset, on change from baseline ADAS-cog scores 

was assessed. A relationship between baseline severity of dementia and rate of 

progression was found. It was also found that higher rates of education were associated 

with a faster rate of cognitive decline. The investigators did not find an effect of gender, 

age of dementia onset, or family history on rate of progression.  

Stern et al. (1994) examined the performance of the ADAS-cog in a longitudinal 

study that evaluated the effect of age, gender, level of dementia severity, family history, 

and prior rate of progression on subsequent progression. Participants were assessed every 

six months and several methods were used to evaluate cognitive change on the ADAS-

cog. The seven methods used included an unrestricted two-point method, a restricted two-

point estimate, least squares, utilizing the first six month interval, multiple six-month 

intervals, first 12-month interval, and multiple 12-month intervals. Regardless of which 

of the seven methods was used, the estimated rate of change on the ADAS-cog was an 
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increase of 9 – 11 points per year. Multiple regression revealed a significant quadratic 

relationship between baseline ADAS-cog scores and annual rate of change for five of the 

analytic methods used, while the two-point unrestricted method revealed a significant 

linear relationship. In addition, regardless of method used, cognitive decline was found to 

occur slowly among those who were classified in the mild or severe dementia groups, 

whereas the progression was more rapid in the moderate group. Also, Stern et al. (1994) 

found that there was a degree of consistency over time in the rate of ADAS-cog score 

change, which indicated that the amount of cognitive change that occurred in one interval 

would predict rate of cognitive change in another interval. Similar to the findings by 

Doraiswamy et al. (2001), Stern et al. (1994) found that gender, age of onset, and family 

history did not affect rate of progression. The present study examined the ADAS-cog’s 

predictive validity by examining pre-progression rates, which were not measured by 

Stern et al. (1994). 

Others have also developed models using the ADAS-cog to estimate progression. 

For example, Johnsen, Hughes, Bullock, and Hindmarch (2003) used discriminant 

analysis on a large AD dataset to develop two models to estimate progression using 

demographic variables and either baseline ADAS-cog scores (model one) or baseline 

MMSE scores (model two). Two groups were formed based upon the increase in ADAS-

cog scores over 26 weeks, with one group of participants having more than a five point 

increase, and the second group having a less than five point increase during that specified 

amount of time. Both the ADAS-cog and MMSE models were found to be highly 

sensitive (97% and 98%, respectively) and demonstrated high specificity (97% and 97%, 

respectively). Thus, this study lends support for the predictive validity of baseline ADAS-
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cog scores. The current study utilized the baseline ADAS-cog scores in a new way by 

using these scores to calculate a pre-progression rate. The predictive utility of this pre-

progression rate was then evaluated.  

Ito et al. (2011) developed another model that fit the longitudinal decline in AD 

patients using their ADAS-cog scores, with age, APOE ε4 status, gender, family history, 

and education level as covariates. With this mathematical model, the rate of progression 

was found to be curvilinear and increased with baseline severity. In individuals with mild 

to moderate severity, the ADAS-cog scores changed an average of 5.5 points per year. 

Having one or two APOE ε4 alleles was found to be related to faster conversion from 

mild cognitive impairment to AD, and age and gender were found to be significant 

predictors of progression, with older participants and male participants having a slower 

rate of progression. Education and family history were not related to progression.  

The ADAS-cog is not without its limitations, and several of the ADAS-cog’s 

shortcomings have been outlined by Wesnes (2008). The limitations of the measure 

include the fact that several of the subtests involve examiner ratings; the ADAS-cog does 

not include items to evaluate some of the impairments that are characteristic of AD, as 

there are not measures of delayed recall, attention, or speed of information processing; 

there are no alternate forms of the measure; and it requires approximately 30 minutes to 

administer.  

In sum, the ADAS-cog is a widely used cognitive measure that has been used as 

the gold standard of measuring cognitive efficacy of psychopharmacological agents in 

clinical drug trials. The ADAS-cog has been found to be a relatively sensitive screening 

measure that can be used to stage AD and track progression over time (Rosen et al., 1984; 
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Stern et al., 1994). Several studies have indicated that baseline dementia severity is 

related to change in ADAS-cog scores over time (Doraiswamy et al., 2001; Ito et al., 

2011). Studies have also indicated that rate of change on ADAS-cog scores appears to be 

curvilinear (Ito et al., 2011; Stern et al., 1994), and that items on the ADAS-cog have 

highest reliability in the moderate range of AD severity (Benge et al., 2009). There have 

been inconsistent findings with regard to the effect of demographic variables on ADAS-

cog scores; however, it appears that there are minimal effects of education (Ito et al., 

2011; Zec et al., 1992a), age of onset (Stern et al., 1994), gender (Stern et al., 1994), or 

family history (Ito et al., 2011; Stern et al., 1994). 

Summary and Future Directions 

A review of the AD literature has revealed that there are inconsistencies regarding 

the value of various patient characteristics and performance on baseline 

neuropsychological measures in predicting rate of cognitive decline. These 

inconsistencies are likely due to methodological variations (Mortimer et al., 1992; 

Rasmusson et al., 1996). Doody et al. (2001) described a new method that has been used 

to try to predict clinical progression, which entails using a relatively simple pre-

progression formula. This method of using pre-progression to predict subsequent 

progression was found to be of clinical utility and warrants further examination with the 

ADAS-cog. 

Several studies have examined the psychometric properties of the ADAS-cog and 

have generally found it to be a valid and reliable measure that is sensitive to the range of 

dementia severity. There have been a few longitudinal studies of the ADAS-cog; 

however, the predictive validity of this widely used measure using the pre-progression 

approach has not been investigated. The further study of the predictive validity of the 
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ADAS-cog is warranted given its pervasive use as a cognitive measure in clinical drug 

trials. 

The Present Study 

 One goal of the present study was to build upon the existing AD literature that 

evaluates variables associated with rate of decline and to examine the validity of methods 

that are used to predict rate of change over time. The current study was an extension of 

the Doody et al. (2010) study, as it utilized the pre-progression approach that was used 

with the MMSE, but applied this method using the ADAS-cog. Based upon previous 

findings, it was hypothesized that the pre-progression scores on the ADAS-cog would 

predict subsequent rate of change, such that ADAS-cog pre-progression rate would be 

significantly associated with subsequent rates of measured change on the ADAS-cog and 

other measures. Specifically, it was hypothesized that the pre-progression ADAS-cog 

scores would predict rate of change on the ADAS-cog, MMSE, VSAT, IADL, PSMS, 

BNT, and Logical Memory I (LM-I) and Visual Reproduction I (VR-I), which are  two 

subtests from the Wechsler Memory Scale – Revised  (WMS-R).  

The second goal of the study was to assess whether the pre-progression approach 

using the ADAS-cog adds incremental predictive utility in comparison to the pre-

progression approach using the MMSE. The ADAS-cog is an extended mental status 

measure which covers a broader range of cognitive functions than the MMSE (Atchison 

et al., 2004); therefore, it was hypothesized that the pre-progression approach using the 

ADAS-cog would be a better predictor of subsequent decline than the pre-progression 

approach using the MMSE.  
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METHOD 

Participants 

 Participants enrolled in Baylor College of Medicine Alzheimer’s Disease and 

Memory Disorders Center (ADMDC) longitudinal database were included in the present 

study if they met the NINCDS-ADRDA criteria for probable AD (McKhann et al., 1984) 

at the initial evaluation and at all follow-up evaluations. In addition, in order to be 

included in the present longitudinal study, participants must have undergone an initial 

standardized neuropsychological evaluation and at least two follow-up evaluations. All 

participants had an ADAS-cog pre-progression rate and an MMSE pre-progression rate.  

Procedures 

 Obtaining the Archival Data. The archival data used for the current study were 

obtained from the Baylor ADMDC longitudinal database, which was initiated in 1989. 

The aim of the Baylor ADMDC database is to examine the clinical and psychometric 

performance of individuals with possible and probable AD over time. There are a number 

of referral sources to the Baylor ADMDC, including medical professionals, family 

members, and self-referral (Doody et al., 2005). Patients undergo clinical evaluations, 

which consist of physical and neurological examinations, neuroimaging, and laboratory 

testing. 

During the initial visit, the neurologist utilizes a standardized procedure to 

estimate the duration of the AD symptoms. This procedure involves the neurologist 

conducting a review of the patient’s medical records and a caregiver questionnaire, which 

asks the caregiver to provide estimates of when 34 symptoms first occurred. This 

information serves as an estimate of when the earliest onset of symptoms may have been 

manifested. The neurologist then interviews the patient and his/her caregiver to identify a 
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life event which coincided with the approximate time of symptom onset and asks 

questions regarding the patient’s cognitive and behavioral functioning before, during, and 

after that life event occurred (Doody, Dunn, Huang, Azher, & Kataki, 2004).  

The patients enrolled in the ADMDC also complete a battery of standardized 

neuropsychological tests that assess the neurocognitive domains of language, attention, 

executive functioning, memory, motor functioning, mood and behavior, and level of 

everyday functioning. The patients undergo neuropsychological testing at the initial visit 

and during annual re-evaluations. 

 Diagnoses are made through a case consensus, in which the ADMDC providers 

utilize the NINCDS-ADRDA criteria to diagnose possible and probable AD. During a 

follow-up visit, the patient and his/her family members receive information regarding the 

diagnosis (Doody et al., 2005).  

 Results of the neuropsychological testing and relevant laboratory and clinical 

findings are then entered into the ADMDC database. Patients or the individuals who 

possess their power of attorney provided informed consent. All appropriate Institutional 

Review Board approvals were obtained.  

Calculating Pre-progression Rates. For each participant, an ADAS-cog pre-

progression rate was calculated using the following formula: (ADAS-cog total score 

[expected] – ADAS-cog total score [initial]) / physician’s estimate of duration [in years]. 

The expected ADAS-cog score for each participant was obtained using the median score 

from the age-based norms that were acquired by Graham, Cully, Snow, Massman, and 

Doody (2004) with a group of older adult control participants. The ADAS-cog initial 

score was the score the participant obtained at the initial evaluation. The physician’s 
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estimate of duration was obtained using the standardized procedure described previously 

in which the neurologist estimates the time during which a participant has had symptoms. 

An MMSE pre-preprogression rate was also calculated for each participant using 

the same procedure, which was outlined in Doody et al. (2001). For each participant at 

the initial visit, the MMSE expected score was 30, as this is the score that would be 

expected if the individual has no cognitive impairment (Doody et al., 2010).  

Measures 

 For the purposes of this study, a subset of the participant’s data from standardized 

neuropsychological testing at the initial evaluation and at all available annual follow-up 

visits was used. The following measures were examined. 

 Alzheimer’s Disease Assessment Scale Cognitive Subscale. The ADAS-cog 

(Rosen et al., 1984) has been previously discussed. It is an extended mental status 

measure that consists of 11 subscales intended to measure the domains of cognitive 

functioning commonly impacted by AD, including language, memory, orientation, and 

praxis. There are a possible total of 70 error points. Higher scores on this measure reflect 

worse performance.  

 Mini Mental State Examination. The MMSE (Folstein, Folstein, & McHugh, 

1975) is a brief measure that was designed to assess cognitive mental status through 11 

questions, which assess orientation, constructional praxis, expressive and receptive 

language, attention, calculation, and delayed recall of three words. The maximum total 

score is 30 points. 

Clinical Dementia Rating Scale. The Clinical Dementia Rating scale (CDR; 

Morris, 1993) is a measure that reflects global level of functioning and yields a sum of 

boxes score when the boxes pertaining to the six domains of functioning are added 
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together. CDR is determined by a semi-structured interview that is conducted with the 

patient and a collateral source. The six domains that are assessed include: memory, 

orientation, judgment and problem solving, community affairs, home and hobbies, and 

personal care. For each of the domains, with the exception of the personal care domain, a 

5-point rating scale is used with 0 = no impairment, 0.5 = questionable impairment, 1.0 = 

mild impairment, 2 = moderate impairment, and 3 = severe impairment. Personal care is 

rated on a 4-point scale with 0 = no impairment, 1.0 = mild impairment, 2 = moderate 

impairment, and 3 = severe impairment. CDR-sum of boxes (CDR-SB) scores can range 

from 0 – 18.  

 Verbal Series Attention Test. The VSAT (Mahurin & Cooke, 1996) is a measure 

comprising of nine items, which are intended to assess attention and working memory. 

Items require the participant to recite the alphabet; count backwards; calculate serial 

subtractions; recite the days of the week forward and backward; recite the months of the 

year forward and backward; and recite an ascending, alternating series of numbers and 

letters, beginning with ‘1’ (1-A-2-B, etc.). The score utilized for the present study was 

total time completion, which is the amount of time required for the participant to 

complete all of the tasks.  

 Logical Memory I. The LM-I subtest of the WMS-R (Wechsler, 1987) comprises 

of two short passages that are read aloud to the participant by the examiner. After each 

passage is read, the participant is asked to recall the story in as close to the same words as 

possible. Each story has a maximum total of 25 points. The totals from the two stories are 

summed, for a maximum of 50 possible points. 
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 Visual Reproduction I. The VR-I subtest of the WMS-R (Wechsler, 1987) 

involves presenting the participant with four cards, three of which have one design on 

each card, and the fourth contains two figures. The cards are presented one at a time to 

the participant for ten seconds each. Following the presentation of a card, the participant 

is asked to draw the figure from memory. The total possible points is 41, with a 

differential number of points possible for different cards (e.g., Card A = 7 points, Card B 

= 7 points, Card C = 9 points, and Card D = 18 points). 

 Boston Naming Test. The BNT (Kaplan, Goodglass, & Weintraub, 1983) is 

comprised of 60 line drawings of objects (e.g., “harmonica” and “protractor”) that are 

presented individually to the participant. The participant is asked to name each of the 

objects. If the participant is unable to spontaneously provide the correct answer, the 

examiner provides a semantic cue. If the participant is unable to provide a correct answer 

following the provision of a semantic cue, he or she is then given a phonemic cue. There 

is a total of 60 possible points. 

 Physical Self-Maintenance Scale. The PSMS (Lawton & Brody, 1969) assesses 

a participant’s level of current basic self-care abilities. Specifically, the participant’s 

abilities to independently complete six activities of daily living (e.g., toileting, bathing, 

grooming, dressing, feeding, and physical ambulation) are assessed. For each of the six 

items, the participant’s collateral informant reports the level of ability on a 1 to 5 point 

scale, where a 1 indicates complete independence and a 5 reflects inability to perform a 

task independently. The total number of points is 30 and a higher score indicates greater 

difficulty. 
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Instrumental Activities of Daily Living. The IADL subscale (Lawton & Brody, 

1969) assesses a participant’s level of current functioning with regard to his/her ability to 

complete more complex activities of daily living (e.g., using a telephone, shopping, meal 

preparation, driving, medication and finance management). For each of the 8 items, the 

participant’s collateral informant reports the participant’s level of ability to complete 

each area of functioning on a scale on which a lower rating indicates ability to complete 

the task independently and a higher rating indicates that the individual requires assistance 

or is unable to complete those tasks independently. There is also an option to assign a 

rating of 0 on items, if the item does not apply to the individual (e.g., if they have never 

been in charge of the finance management). Total number of points is 31, where a higher 

score reflects greater difficulty. To adjust for the non-applicable items, a ratio score was 

computed by dividing the raw score by the total number of possible points for each 

participant. 

Overview of Analyses 

 In order to assess the validity of the ADAS-cog pre-progression rate on 

subsequent rate of change on cognitive and functional measures, the longitudinal data in 

the present study were analyzed using linear mixed models. These models are commonly 

used to analyze longitudinal data, which are not collected at fixed time intervals. 

Consequently, participants differ in the number of time points at which they are assessed 

(Armitage & Colton, 2005). First, models examining the effect of time on each of the 

dependent variables were utilized in order to demonstrate that performance on these 

measures changed over time. After executing these simple models, models including 

appropriate covariates (predictors), such as age, sex, education, and baseline level of 

dementia severity, were examined. In the third set of mixed models, the ADAS-cog pre-
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progression rates were added in order to assess the relationship between patients’ ADAS-

cog pre-progression rates and rate of change on the ADAS-cog, VSAT, LMI, VRI, BNT, 

PSML, IADL, and MMSE. In order to be included in the analysis of a given dependent 

variable (e.g., VSAT, BNT score), a participant needed to have a baseline score for that 

variable and at least two follow-up scores.   

 Parallel analyses, by examining of Akaike Information Criterion (AIC) values, 

were conducted using the MMSE pre-progression rate in order to compare the predictive 

power of the ADAS-cog and MMSE pre-progression rates. 
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RESULTS 

Of the initial 660 participants in the available database, 368 individuals (252 

females, 116 males) met inclusion criteria for the current study. Descriptive analyses of 

the participants’ baseline characteristics are presented in Table 1. Participants’ ages 

ranged from 51.3 to 90 years (M = 74.1 years, SD = 7.3), and the majority of the sample 

was Caucasian (96%). At the initial evaluation, the participants had a mean MMSE score 

of 22.8 (SD = 4.5), a mean ADAS-cog score of 18.7 (SD = 8.3), and a mean CDR-SB 

score of 4.8 (SD = 2.9). The mean number of years of educational attainment was 14.3 

(SD = 3.3). Participants had an average of 4.16 total visits. Table 2 displays the total 

number of visits and the corresponding number of participants.  

The longitudinal data were examined for any potential outliers. An outlier was 

defined as any score on a dependent variable that was more than 3 standard deviations 

from the grand mean for that variable. For each outlier identified, the score was replaced 

with the value equivalent to 3 standard deviations above or below the grand mean as 

appropriate. Table 3 displays the number of dependent variable outliers that were 

replaced.   

 Residual plots were visually examined to assess whether changes in dependent 

variables over time were linear or non-linear. Due to systematic trends in the residuals 

within the non-linear models, linear models were used for each of the dependent 

variables. Visual examination of the residual histogram plots were also conducted to 

examine the normality of the unconditional means model residuals (i.e., effect of time on 

each of the dependent variables). These results are presented in Figures 1 – 8. 

Examination of residuals revealed some skewness among the dependent variables, so two 
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of the most skewed variables (BNT and IADL) were subjected to log transformations. 

The transformed data were then utilized in the mixed model regression analyses. The 

results yielded the same pattern of results as the non-transformed data. Thus, the data 

presented in Tables 5 – 12 reflect the results of the non-transformed data. 

To assess for the presence of multicolinerity, bivariate correlations among the 

predictors were performed. These correlations are displayed in Table 4. Due to the large 

sample size, relatively small correlations were significant. A significant relationship was 

found between age at diagnosis and CDR-SB, reflecting that as age at diagnosis increased 

there was also an increase in CDR-SB scores. Further, a significant relationship was 

found between age at diagnosis and ADAS-cog pre-progression rate, which indicated that 

younger age at diagnosis was associated with a faster ADAS-cog pre-progression rate. In 

addition, an inverse relationship was noted between education and MMSE pre-

progression rate, with higher years of education associated with lower MMSE pre-

progression rate. A significant correlation was also found between sex and education, 

indicating a tendency for female participants to have fewer years of education. A positive 

significant correlation between CDR-SB with ADAS pre-progression and with MMSE 

pre-progression reflected an association between lower CDR-SB scores with lower 

MMSE pre-progression rates, as well as lower ADAS-cog pre-progression rates. A 

significant correlation between ADAS-cog pre-progression rate and MMSE pre-

progression rate was also found and indicated that increased ADAS-cog pre-progression 

rate was associated with increased MMSE pre-progression rate.  

The mixed model regression approach utilized in the present study was similar to 

the modeling strategy used by Pavlik et al. (2006). The results are displayed in Tables 5 – 
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12. Model 1 depicts the effect of time on each of the dependent variables. In this model, 

time was included as a random and fixed effect and the intercept was a fixed effect. There 

was a significant effect of time on all of the dependent variables  

(p’s < .001). In model 2, age at diagnosis, sex, years of education, CDR-SB baseline 

score, and the appropriate interactions were introduced as covariates. Patient education 

and age were centered using the grand mean. In model 3, ADAS-cog pre-progression 

rates were added to model 2 to evaluate whether the pre-progression rate enhanced 

prediction of rate of change for each of the dependent variables. Since there were eight 

DVs analyzed for each model a Bonferroni adjustment was utilized and yielded an 

adjusted p-level of 0.006 (i.e., 0.05/8). 

As shown in Tables 5 – 12, it was found that the ADAS-cog pre-progression rate 

was not a significant predictor of rate of decline on any of the cognitive or functional 

measures (all p’s > 0.006). Specifically, ADAS-cog pre-progression rates did not 

significantly predict rate of change on  the ADAS-cog (β = 0.029, p = .577), MMSE  

(β = -0.031, p = .197), LM-I (β = 0.013, p = .625), VR-I (β = -0.030, p = .425), VSAT  

(β = -0.179, p = .703), BNT (β = -0.113, p = .107), or IADL (β = -0.001, p = .299) scores. 

Thus, Hypothesis 1 was not supported. 

Model 3 was also repeated for each dependent variable with the inclusion of the 

MMSE pre-progression rate in place of the ADAS-cog pre-progression rate. Similar to 

the ADAS-cog pre-progression rate, the MMSE pre-progression rates did not 

significantly predict rate of change on the ADAS-cog (β = 0.084, p = .361), MMSE  

(β = 0.086, p = .038), LM-I (β = 0.059, p = .200), VR-I (β = 0.003, p = .962), VSAT  

(β = -0.411, p = .613), or BNT (β = -0.162, p = .184) scores.  
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The fact that neither the ADAS-cog or MMSE pre-progression measures 

significantly predicted rate of change on any measure makes comparing their 

effectiveness (Hypothesis 2) a somewhat moot point, but inspection of the Model 3 AIC 

values revealed that the models including ADAS-cog pre-progression had better fit for 

seven  measures (ADAS-cog, LM-I, VSAT, BNT, VR-I, IADL, and PSMS) and that the 

models including MMSE pre-progression had better fit for one of the measures (MMSE). 

In addition to evaluating the predictive utility of pre-progression rates at the 

individual level, analyses were also conducted using a similar approach presented by 

Doody et al. (2001), in which participants were classified separately as slow, 

intermediate, or fast pre-progressors based on ADAS-cog pre-progression rates and 

MMSE pre-progression rates. In the first classification approach, there was no separation 

between groups. The slow pre-progression group included participants whose ADAS-cog 

pre-progression and MMSE pre-progression rates were in the bottom quartile (ADAS-cog 

n = 93; MMSE n = 95); the fast pre-progression group included participants whose rates 

were in the top quartile (ADAS-cog n = 92; MMSE n = 96); and the intermediate pre-

progression group included participants whose rates fell within the middle two quartiles 

(ADAS-cog n = 183; MMSE n = 177). In the second classification approach, the quartiles 

were also used; however, rounding the cutoff scores to the nearest integer allowed for a 

separation of 1.0 between each of the groups. This approach yielded the following 

number of participants per group: slow (ADAS-cog n = 89; MMSE n = 79), fast (ADAS-

cog n = 97; MMSE n = 79), and intermediate (ADAS-cog n = 128; MMSE n = 104). 

Because both sets of pre-progression group rates yielded the same pattern of results, only 

the results from the separated pre-progression groups are displayed in Tables 5 – 12. 
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After a Bonferroni adjustment was made, results indicated that the ADAS-cog pre-

progression group significantly predicted rate of change on the MMSE [F(1, 377) = 9.33;  

p = .002]. In contrast, the MMSE pre-progression group rates did not significantly predict 

rate of decline on any of the cognitive or functional measures (p’s > 0.006).  

In addition to the a priori analyses, post hoc analyses were performed to evaluate 

whether ADAS-cog pre-progression rates would significantly predict rate of decline on 

the dependent variables if CDR-SB was removed from the model as a covariate. These 

analyses revealed that neither the ADAS-cog pre-progression rates nor the ADAS-cog 

pre-progression group significantly predicted rate of decline on any of the functional or 

cognitive measures (p’s > .006).  

Although the ADAS-cog and MMSE pre-progression rates were not significantly 

associated with rate of change on the eight measures in the study, it is worthwhile to 

examine which variables did emerge as significant predictors of rate of change. Age was 

found to significantly predict the rate of change on ADAS-cog (β = -0.119, p = <.001), 

MMSE (β = 0.058, p = <.001), and BNT (β = 0.121, p = .006) scores. Specifically, 

younger age was associated with faster rate of change on the ADAS-cog, MMSE, and 

BNT. CDR-SB was found to significantly predict rate of change for basic activities of 

daily living (i.e., PSMS scores; β = 0.126, p = <.001), such that worse CDR-SB scores 

were associated with more rapid change in PSMS scores. Sex was found to significantly 

predict rate of change in ability to complete instrumental activities of daily living (i.e., 

IADL scores; β = -0.042, p = <.001), with men showing a faster rate of change on this 

measure compared to women. None of the included covariates were found to 

significantly predict rate of change in LM-I, VR-I, or VSAT scores (all p’s > .006). 
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DISCUSSION 

The overall aim of the present study was to add to the extant AD literature that 

has examined variables associated with rate of decline. Specifically, the present study 

sought to examine the predictive utility of the ADAS-cog pre-progression rate through a 

method that was first utilized by Doody et al. (2001) and involves the use of a relatively 

simple formula. Based upon the Doody et al. (2010) findings, it was hypothesized that the 

ADAS-cog pre-progression scores would predict subsequent rate of change on the 

ADAS-cog, MMSE, VSAT, IADL, PSMS, BNT, LM- I, and VR- I. A second goal of the 

present study was to assess whether the ADAS-cog pre-progression rate was a better 

predictor compared to the MMSE pre-progression rate. It was hypothesized that the 

ADAS-cog would be a relatively better predictor in comparison to the MMSE pre-

progression rates, as the ADAS-cog covers a broader array of cognitive functions 

compared to the MMSE (Atchison et al., 2004). 

The present study examined these two hypotheses by using linear mixed models 

to estimate the relationship between ADAS-cog pre-progression rates and rate of change 

on a number of cognitive and functional measures through a modeling strategy that was 

similar to Pavlik et al. (2006). Contrary to the predictions, it was found that ADAS-cog 

and MMSE pre-progression rates did not significantly predict rate of change on any of 

the eight variables that were examined. These results were in contrast to the findings of 

Doody et al. (2010), in which the MMSE pre-progression rate was found to predict rate 

of decline on a variety of global, cognitive, and functional measures. The failure to 

replicate these results may have been due to a number of differences within the modeling 

strategies, such as differences in the measure used to reflect dementia severity (i.e., CDR-
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SB in the present study, MMSE in Doody et al.), as well as differences in the other 

covariates. Moreover, the present results may be a reflection of the statistical properties 

of the ADAS-cog, particularly the IRT-based results that were described by Benge et al. 

(2009). These results indicated that an error point on the ADAS-cog was not uniform in 

its reflection of cognitive impairment across the entirety of the scale. That is, equal 

distances between raw scores at different points on the scale did not necessarily represent 

equal differences in underlying dementia severity, as a given difference in raw scores in 

the middle region of the scale (e.g., between scores of 30 and 35) reflected a smaller 

difference in underlying dementia severity than did the same difference in the lower and 

higher regions of the scale (e.g., between scores of 10 and 15 or between scores of 60 and 

65). Thus, a more valid approach to examining rate of change using the ADAS-cog may 

be to utilize theta values, which reflect underlying dementia severity, instead of using raw 

scores.  

While the two hypotheses of the present study were not supported, the results did 

replicate some of the previous findings related to prediction of rate of change. Similar to 

Doody et al. (2010) and Ito et al. (2011), it was found that age was associated with rate of 

change on the ADAS-cog, with younger adults showing a faster rate of change on this 

measure compared to those who were older. This indicates that individuals who develop 

dementia at a younger age may experience a faster rate of cognitive decline in 

comparison to those who develop dementia at an older age. In addition, when the group 

analyses (slow vs. intermediate vs. fast) were conducted, the ADAS-cog pre-progression 

rate predicted rate of change on the MMSE.  
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The results of the present study have implications for clinical research, as the 

ADAS-cog is frequently used in clinical drug trials. The present study demonstrated that 

when ADAS-cog scores were utilized within a pre-progression formula, the measure was 

not predictive of rate of decline with regard the specific measures that were examined. 

Thus, the use of the ADAS-cog within this framework would be of limited utility. 

There are a number of limitations of the present study. While the sample consisted 

of a large number of participants, a majority of the sample consisted of women and 

Caucasian participants. In addition, there may have been selection bias as participants 

needed three or more data points to be included in the present study. Furthermore, a 

majority of the participants in the present study were taking acetylcholinesterase 

inhibitors or other psychopharmacological treatments for their dementia during most of 

the time encompassed by the present study (and some may have been taking medication 

prior to their initial visit), which may have had an impact on their rate of progression and 

also could make predicting their progression more difficult than predicting the 

progression of patients who were not receiving treatment.  

As the percentage of new cases of AD continues to rise each year, examination of 

predictors associated with rate of decline remains an important topic of research. Future 

studies may examine the use of the pre-progression formula with other measures, and 

may also find it useful to test the predictive value of a composite score based upon other 

neuropsychological measures that are routinely used in dementia assessment. In addition, 

examination of the predictive utility of the ADAS-cog using the theta values reported by 

Benge et al. (2009) may also prove to be worthwhile. 
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Table 1. Baseline Demographic Characteristics 

 

 Mean SD Range 

Age at diagnosis (n = 368) 74.1 7.3  51.3−90 
Sex (% Female) 68.5   
Race (% Caucasian) 96.2   
Education (n = 367) 14.3 3.3  2−29 
MMSE (n = 368) 22.8 4.5  7−30 
ADAS-cog (n = 368) 18.7 8.3  4.3−56.3 
CDR-SB (n = 363) 4.8 2.9  1−16 
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Table 2. Number of Visits Per Participant 

 

Number of Visits Number of Participants 

3 159 

4 99 

5 51 

6 29 

7 12 

8 18 

  

Note. Average Number of Visits = 4.16  
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Table 3. Description of Dependent Variable Outliers 

 

Dependent Variable Count % of Total Data Points  
ADAS-cog 18 (upper end of distribution) 1.18 

MMSE 5 (lower end of distribution) 0.33 

LM-I 13 (upper end of distribution) 0.89 

VR-I 2 (upper end of distribution) 0.14 
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Table 4. Bivariate Correlations Between Predictors 

 

  Education CDR-SB 
ADAS pre-

progression 

MMSE pre-

progression 
Sex 

Age -0.10 0.16* -0.17* -0.02 0.09 

Education  -0.07 -0.09 -0.15* -0.19* 

CDR-SB   0.21* 0.25* 0.03 

ADAS pre-

progression 
   0.79* 0.02 

MMSE pre-

progression 
        0.05 

      
Note. CDR-SB = CDR sum of boxes. * = p < 0.01. 
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Table 5. Mixed Effects Models Predicting Rate of Change in ADAS-cog Score 

 

 ADAS-cog score 

 β p 

Model 1 

 Time 4.333 <.001 

 Intercept 17.178 <.001 

 AIC: 11,036.510   

Model 2 

 Age at diagnosis (centered) -0.087 .010 

 Sex  -0.603 .203 

 Education in years (centered) -0.076 .257 

 CDR-SB 2.005 <.001 

 Time in years 3.098 <.001 

 Age × time interaction -0.119 <.001 

 CDR-SB × time interaction 0.210 .013 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 8.806 <.001 

 AIC: 10,289.923   

Model 3 (ADAS-cog pre-progression rate) 

 Age at diagnosis (centered) -0.009 .780 

 Sex  -0.599 .182 

 Education in years (centered) 0.010 .872 

 CDR-SB 1.781 <.001 

 Time in years 2.992 <.001 

 Age × time interaction -0.111 <.001 

 CDR-SB × time interaction 0.197 .018 

 ADAS-cog pre-progression rate 0.596 <.001 

 ADAS-cog pre-progression rate × time interaction 0.029 .577 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 6.820 <.001 

 AIC: 10,138.034   

Model 3 (MMSE pre-progression rate) 

 Age at diagnosis (centered) -0.076 .022 

 Sex  -0.661 .159 

 Education in years (centered) -0.028 .675 

 CDR-SB 1.916 <.001 

 Time in years 2.946 <.001 

 Age × time interaction -0.117 <.001 

 CDR-SB × time interaction 0.191 .028 

 MMSE pre-progression rate 0.408 <.001 

 MMSE pre-progression rate × time interaction 0.084 .361 

 Sex × time interaction - - 

 Education × time interaction - - 
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 ADAS-cog score 

 β p 

 Intercept 8.184 <.001 

 AIC: 10,268.060   

Model 3 (ADAS-cog pre-progression group) 

 Age at diagnosis (centered) -0.030 .375 

 Sex  -0.891 .062 

 Education in years (centered) -0.039 .591 

 CDR-SB 1.779 <.001 

 Time in years 2.566 <.001 

 Age × time interaction -0.117 <.001 

 CDR-SB × time interaction 0.170 .049 

 ADAS-cog pre-progression group 4.153 <.001 

 ADAS-cog pre-progression group × time interaction 0.592 .059 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 6.406 <.001 

 AIC: 8,545.549   

Model 3 (MMSE pre-progression group) 

 Age at diagnosis (centered) -0.137 <.001 

 Sex  -0.754 .157 

 Education in years (centered) -0.011 .889 

 CDR-SB 1.991 <.001 

 Time in years 2.585 <.001 

 Age × time interaction -0.126 <.001 

 CDR-SB × time interaction 0.146 .138 

 MMSE pre-progression group 2.347 <.001 

 MMSE pre-progression group × time interaction 0.561 .112 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 6.651 <.001 

 AIC: 7,335.509   
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Table 6. Mixed Effects Models Predicting Rate of Change in MMSE Score 

 

 MMSE 

 β p 

Model 1 

 Time -2.068 <.001 

 Intercept 23.012 <.001 

 AIC: 8,932.146   

Model 2 

 Age at diagnosis (centered) 0.023 .203 

 Sex  0.001 .997 

 Education in years (centered) 0.138 <.001 

 CDR-SB -1.100 <.001 

 Time in years -1.816 <.001 

 Age × time interaction 0.058 <.001 

 CDR-SB × time interaction -0.028 .475 

 Sex × time interaction - - 

 Education × time interaction -0.027 .401 

 Intercept 28.133 <.001 

 AIC: 8,329.298   

Model 3 (ADAS-cog pre-progression rate) 

 Age at diagnosis (centered) 0.003 .867 

 Sex  0.000 .999 

 Education in years (centered) 0.100 .005 

 CDR-SB -1.053 <.001 

 Time in years -1.788 <.001 

 Age × time interaction 0.053 <.001 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression rate -0.152 <.001 

 ADAS-cog pre-progression rate × time interaction -0.031 .197 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 28.686 <.001 

 AIC: 8,287.220   

Model 3 (MMSE pre-progression rate) 

 Age at diagnosis (centered) 0.011 .515 

 Sex  0.059 .807 

 Education in years (centered) 0.071 .039 

 CDR-SB -1.009 <.001 

 Time in years -2.181 <.001 

 Age × time interaction 0.057 <.001 

 CDR-SB × time interaction - - 

 MMSE pre-progression rate -0.537 <.001 

 MMSE pre-progression rate × time interaction 0.086 .038 

 Sex × time interaction - - 

 Education × time interaction - - 
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 MMSE 

 β p 

 Intercept 29.099 <.001 

 AIC: 8,215.292   

Model 3 (ADAS-cog pre-progression group) 

 Age at diagnosis (centered) 0.009 .660 

 Sex  0.221 .411 

 Education in years (centered) 0.132 .001 

 CDR-SB -1.028 <.001 

 Time in years -1.472 <.001 

 Age × time interaction 0.054 <.001 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression group -1.063 <.001 

 ADAS-cog pre-progression group × time interaction -0.448 .002 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 28.468 <.001 

 AIC: 7,032.495   

Model 3 (MMSE pre-progression group) 

 Age at diagnosis (centered) 0.055 .004 

 Sex  0.079 .773 

 Education in years (centered) 0.040 .307 

 CDR-SB -0.976 <.001 

 Time in years -1.914 <.001 

 Age × time interaction 0.057 .001 

 CDR-SB × time interaction - - 

 MMSE pre-progression group -2.375 <.001 

 MMSE pre-progression group × time interaction 0.095 .544 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 29.980 <.001 

 AIC: 5,850.241   
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Table 7. Mixed Effects Models Predicting Rate of Change in LM-I Score 

 

 LM-I 

 β p 

Model 1 

 Time -1.080 <.001 

 Intercept 8.896 <.001 

 AIC: 7,399.669   

Model 2 

 Age at diagnosis (centered) 0.039 .129 

 Sex  -1.233 .002 

 Education in years (centered) 0.337 <.001 

 CDR-SB -0.735 <.001 

 Time in years -1.688 <.001 

 Age × time interaction 0.022 .200 

 CDR-SB × time interaction 0.057 .222 

 Sex × time interaction 0.214 .400 

 Education × time interaction -0.041 .278 

 Intercept 14.397 <.001 

 AIC: 7,198.850   

Model 3 (ADAS-cog pre-progression rate) 

 Age at diagnosis (centered) 0.038 .077 

 Sex  -0.996 .002 

 Education in years (centered) 0.269 <.001 

 CDR-SB -0.630 <.001 

 Time in years -1.171 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression rate -0.162 <.001 

 ADAS-cog pre-progression rate × time interaction 0.013 .625 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 14.429 <.001 

 AIC: 7,180.791   

Model 3 (MMSE pre-progression rate) 

 Age at diagnosis (centered) 0.052 .013 

 Sex  -0.993 .002 

 Education in years (centered) 0.268 <.001 

 CDR-SB -0.637 <.001 

 Time in years -1.265 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction - - 

 MMSE pre-progression rate -0.279 <.001 

 MMSE pre-progression rate × time interaction 0.059 .200 

 Sex × time interaction - - 

 Education × time interaction - - 
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 LM-I 

 β p 

 Intercept 14.389 <.001 

 AIC: 7,185.200   

Model 3 (ADAS-cog pre-progression group) 

 Age at diagnosis (centered) 0.026 .204 

 Sex  -1.032 .001 

 Education in years (centered) 0.237 <.001 

 CDR-SB -0.580 <.001 

 Time in years -1.068 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression group -1.768 <.001 

 ADAS-cog pre-progression group × time interaction -0.032 .829 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 15.128 <.001 

 AIC: 7,125.114   

Model 3 (MMSE pre-progression group) 

 Age at diagnosis (centered) 0.063 .007 

 Sex  -0.779 .032 

 Education in years (centered) 0.137 .008 

 CDR-SB -0.579 <.001 

 Time in years -1.193 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction - - 

 MMSE pre-progression group -1.344 <.001 

 MMSE pre-progression group × time interaction 0.084 .612 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 14.665 <.001 

 AIC: 6,149.933   
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Table 8. Mixed Effects Models Predicting Rate of Change in VR-I Score 

 

 VR-I 

 β p 

Model 1 

 Time -1.571 <.001 

 Intercept 16.535 <.001 

 AIC: 8,331.845   

Model 2 

 Age at diagnosis (centered) 0.015 .681 

 Sex  -0.688 .148 

 Education in years (centered) 0.422 <.001 

 CDR-SB -1.145 <.001 

 Time in years -1.724 <.001 

 Age × time interaction 0.066 .011 

 CDR-SB × time interaction 0.040 .571 

 Sex × time interaction - - 

 Education × time interaction -0.008 .890 

 Intercept 23.057 <.001 

 AIC: 8,112.238   

Model 3 (ADAS-cog pre-progression rate) 

 Age at diagnosis (centered) -0.039 .281 

 Sex  -0.552 .232 

 Education in years (centered) 0.331 <.001 

 CDR-SB -0.960 <.001 

 Time in years -1.384 <.001 

 Age × time interaction 0.065 .007 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression rate -0.381 <.001 

 ADAS-cog pre-progression rate × time interaction -0.030 .425 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 24.080 <.001 

 AIC: 8,039.761   

Model 3 (MMSE pre-progression rate) 

 Age at diagnosis (centered) -0.002 .951 

 Sex  -0.539 .248 

 Education in years (centered) 0.330 <.001 

 CDR-SB -0.984 <.001 

 Time in years -1.550 <.001 

 Age × time interaction 0.068 .006 

 CDR-SB × time interaction - - 

 MMSE pre-progression rate -0.598 <.001 

 MMSE pre-progression rate × time interaction 0.003 .962 

 Sex × time interaction - - 

 Education × time interaction - - 
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 VR-I 

 β p 

 Intercept 23.840 <.001 

 AIC: 8,064.259   

Model 3 (ADAS-cog pre-progression group) 

 Age at diagnosis (centered) -0.034 .342 

 Sex  -0.664 .148 

 Education in years (centered) 0.319 <.001 

 CDR-SB -0.954 <.001 

 Time in years -1.312 <.001 

 Age × time interaction 0.065 .007 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression group -2.548 <.001 

 ADAS-cog pre-progression group × time interaction -0.236 .281 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 24.680 <.001 

 AIC: 8,026.511   

Model 3 (MMSE pre-progression group) 

 Age at diagnosis (centered) 0.027 .506 

 Sex  -0.472 .361 

 Education in years (centered) 0.315 <.001 

 CDR-SB -0.928 <.001 

 Time in years -1.501 <.001 

 Age × time interaction 0.072 .006 

 CDR-SB × time interaction - - 

 MMSE pre-progression group -2.747 <.001 

 MMSE pre-progression group × time interaction -0.046 .848 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 24.951 <.001 

 AIC: 6,909.203   
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Table 9. Mixed Effects Models Predicting Rate of Change in VSAT Score 

 

 VSAT 

 β p 

Model 1 

 Time 21.294 <.001 

 Intercept 184.039 <.001 

 AIC: 16,638.310   

Model 2 

 Age at diagnosis (centered) -1.858 <.001 

 Sex  -3.405 .465 

 Education in years (centered) -4.314 <.001 

 CDR-SB 13.600 <.001 

 Time in years 19.334 <.001 

 Age × time interaction -0.639 .027 

 CDR-SB × time interaction 0.289 .713 

 Sex × time interaction - - 

 Education × time interaction 0.485 .418 

 Intercept 126.183 <.001 

 AIC: 16,311.462   

Model 3 (ADAS-cog pre-progression rate) 

 Age at diagnosis (centered) -1.359 <.001 

 Sex  -3.383 .458 

 Education in years (centered) -3.520 <.001 

 CDR-SB 12.313 <.001 

 Time in years 21.497 <.001 

 Age × time interaction -0.655 .020 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression rate 3.973 <.001 

 ADAS-cog pre-progression rate × time interaction -0.179 .703 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 112.165 <.001 

 AIC: 16,249.439   

Model 3 (MMSE pre-progression rate) 

 Age at diagnosis (centered) -1.761 <.001 

 Sex  -3.930 .395 

 Education in years (centered) -3.605 <.001 

 CDR-SB 12.849 <.001 

 Time in years 21.687 <.001 

 Age × time interaction -0.644 .022 

 CDR-SB × time interaction - - 

 MMSE pre-progression rate 4.451 <.001 

 MMSE pre-progression rate × time interaction -0.411 .613 

 Sex × time interaction - - 

 Education × time interaction - - 
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 VSAT 

 β p 

 Intercept 118.364 <.001 

 AIC: 16,288.933   

Model 3 (ADAS-cog pre-progression group) 

 Age at diagnosis (centered) -1.640 <.001 

 Sex  -5.093 .300 

 Education in years (centered) -4.224 <.001 

 CDR-SB 12.164 <.001 

 Time in years 17.744 <.001 

 Age × time interaction -0.626 .040 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression group 25.826 <.001 

 ADAS-cog pre-progression group × time interaction 2.386 .404 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 111.956 <.001 

 AIC: 13,710.533   

Model 3 (MMSE pre-progression group) 

 Age at diagnosis (centered) -2.024 <.001 

 Sex  -6.286 .226 

 Education in years (centered) -3.554 <.001 

 CDR-SB 12.548 <.001 

 Time in years 18.379 <.001 

 Age × time interaction -0.652 .041 

 CDR-SB × time interaction - - 

 MMSE pre-progression group 26.713 <.001 

 MMSE pre-progression group × time interaction 0.507 .863 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 106.298 <.001 

 AIC: 11,599.119   
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Table 10. Mixed Effects Models Predicting Rate of Change in BNT Score 

 

 BNT 

 β p 

Model 1 

 Time -3.933 <.001 

 Intercept 45.274 <.001 

 AIC: 11,272.751   

Model 2 

 Age at diagnosis (centered) -0.302 <.001 

 Sex  -0.578 .408 

 Education in years (centered) 0.580 <.001 

 CDR-SB -1.737 <.001 

 Time in years -2.912 <.001 

 Age × time interaction 0.121 .006 

 CDR-SB × time interaction -0.197 .098 

 Sex × time interaction - - 

 Education × time interaction -0.010 .916 

 Intercept 54.189 <.001 

 AIC: 10,951.759   

Model 3 (ADAS-cog pre-progression rate) 

 Age at diagnosis (centered) -0.328 <.001 

 Sex  -0.602 .386 

 Education in years (centered) 0.533 <.001 

 CDR-SB -1.740 <.001 

 Time in years -3.231 <.001 

 Age × time interaction 0.098 .025 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression rate -0.229 .006 

 ADAS-cog pre-progression rate × time interaction -0.113 .107 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 55.383 <.001 

 AIC: 10,936.306   

Model 3 (MMSE pre-progression rate) 

 Age at diagnosis (centered) -0.302 <.001 

 Sex  -0.560 .423 

 Education in years (centered) 0.547 <.001 

 CDR-SB -1.790 <.001 

 Time in years -3.351 <.001 

 Age × time interaction 0.109 .012 

 CDR-SB × time interaction - - 

 MMSE pre-progression rate -0.181 .220 

 MMSE pre-progression rate × time interaction -0.162 .184 

 Sex × time interaction - - 

 Education × time interaction - - 
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 BNT 

 β p 

 Intercept 54.882 <.001 

 AIC: 10,948.571   

Model 3 (ADAS-cog pre-progression group) 

 Age at diagnosis (centered) -0.310 <.001 

 Sex  -0.362 .627 

 Education in years (centered) 0.622 <.001 

 CDR-SB -1.663 <.001 

 Time in years -2.785 <.001 

 Age × time interaction 0.106 .021 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression group -2.372 <.001 

 ADAS-cog pre-progression group × time interaction -0.982 .021 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 55.890 <.001 

 AIC: 9,220.592   

Model 3 (MMSE pre-progression group) 

 Age at diagnosis (centered) -0.188 .001 

 Sex  0.714 .377 

 Education in years (centered) 0.630 <.001 

 CDR-SB -1.803 <.001 

 Time in years -2.881 <.001 

 Age × time interaction 0.121 .014 

 CDR-SB × time interaction - - 

 MMSE pre-progression group -1.524 .008 

 MMSE pre-progression group × time interaction -0.640 .158 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 54.257 <.001 

 AIC: 7,825.814   

   
 

  



62 

 

Table 11. Mixed Effects Models Predicting Rate of Change in PSMS Score 

 

 PSMS 

 β p 

Model 1 

 Time 1.233 <.001 

 Intercept 6.656 <.001 

 AIC: 7,091.412   

Model 2 

 Age at diagnosis (centered) 0.041 <.001 

 Sex  0.237 .146 

 Education in years (centered) -0.027 .245 

 CDR-SB 0.366 <.001 

 Time in years 0.595 <.001 

 Age × time interaction 0.013 .211 

 CDR-SB × time interaction 0.126 <.001 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 4.577 <.001 

 AIC: 6,805.424   

Model 3 (ADAS-cog pre-progression rate) 

 Age at diagnosis (centered) 0.044 <.001 

 Sex  0.235 .149 

 Education in years (centered) -0.031 .183 

 CDR-SB 0.371 <.001 

 Time in years 0.565 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction 0.133 <.001 

 ADAS-cog pre-progression rate -0.026 .142 

 ADAS-cog pre-progression rate × time interaction - - 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 4.686 <.001 

 AIC: 6,804.837   

Model 3 (MMSE pre-progression rate) 

 Age at diagnosis (centered) 0.047 <.001 

 Sex  0.241 .140 

 Education in years (centered) -0.030 .197 

 CDR-SB 0.369 <.001 

 Time in years 0.566 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction 0.132 <.001 

 MMSE pre-progression rate -0.030 .342 

 MMSE pre-progression rate × time interaction - - 

 Sex × time interaction - - 

 Education × time interaction - - 
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 PSMS 

 β p 

 Intercept 4.639 <.001 

 AIC: 6,806.092   

Model 3 (ADAS-cog pre-progression group) 

 Age at diagnosis (centered) 0.044 <.001 

 Sex  0.171 .327 

 Education in years (centered) -0.025 .339 

 CDR-SB 0.331 <.001 

 Time in years 0.553 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction 0.132 <.001 

 ADAS-cog pre-progression group 0.082 .464 

 ADAS-cog pre-progression group × time interaction - - 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 4.734 <.001 

 AIC: 5,750.716   

Model 3 (MMSE pre-progression group) 

 Age at diagnosis (centered) 0.042 <.001 

 Sex  0.304 .109 

 Education in years (centered) -0.008 .754 

 CDR-SB 0.320 <.001 

 Time in years 0.569 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction 0.141 <.001 

 MMSE pre-progression group 0.190 .122 

 MMSE pre-progression group × time interaction - - 

 Sex × time interaction - - 

 Education × time interaction - - 

 Intercept 4.440 <.001 

 AIC: 4,901.387   
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Table 12. Mixed Effects Models Predicting Rate of Change in IADL Score 

 

 IADL 

 β p 

Model 1 

 Time 0.019 <.001 

 Intercept 0.871 <.001 

 AIC: -898.357   

Model 2 

 Age at diagnosis (centered) -0.001 .039 

 Sex  0.277 <.001 

 Education in years (centered) 0.001 .293 

 CDR-SB 0.015 <.001 

 Time in years 0.098 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction -0.002 .076 

 Sex × time interaction -0.042 <.001 

 Education × time interaction - - 

 Intercept 0.336 <.001 

 AIC: -1,455.956   

Model 3 (ADAS-cog pre-progression rate) 

 Age at diagnosis (centered) -0.002 .010 

 Sex  0.277 <.001 

 Education in years (centered) 0.001 .449 

 CDR-SB 0.013 <.001 

 Time in years 0.093 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression rate -0.001 .292 

 ADAS-cog pre-progression rate × time interaction -0.001 .299 

 Sex × time interaction -0.042 <.001 

 Education × time interaction - - 

 Intercept 0.352 <.001 

 AIC: -1,458.476   

Model 3 (MMSE pre-progression rate) 

 Age at diagnosis (centered) -0.001 .029 

 Sex  0.277 <.001 

 Education in years (centered) 0.001 .378 

 CDR-SB 0.013 <.001 

 Time in years 0.090 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction - - 

 MMSE pre-progression rate -0.002 .233 

 MMSE pre-progression rate × time interaction - - 

 Sex × time interaction -0.042 <.001 

 Education × time interaction - - 
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 IADL 

 β p 

 Intercept 0.350 <.001 

 AIC: -1,454.218   

Model 3 (ADAS-cog pre-progression group) 

 Age at diagnosis (centered) -0.002 .002 

 Sex  0.269 <.001 

 Education in years (centered) 0.000 .927 

 CDR-SB 0.013 <.001 

 Time in years 0.092 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction - - 

 ADAS-cog pre-progression group -0.008 .350 

 ADAS-cog pre-progression group × time interaction -0.003 .420 

 Sex × time interaction -0.041 <.001 

 Education × time interaction - - 

 Intercept 0.365 <.001 

 AIC: -1,149.979   

Model 3 (MMSE pre-progression group) 

 Age at diagnosis (centered) -0.001 .059 

 Sex  0.272 <.001 

 Education in years (centered) 0.002 .135 

 CDR-SB 0.013 <.001 

 Time in years 0.087 <.001 

 Age × time interaction - - 

 CDR-SB × time interaction - - 

 MMSE pre-progression group -0.004 .569 

 MMSE pre-progression group × time interaction - - 

 Sex × time interaction -0.039 <.001 

 Education × time interaction - - 

 Intercept 0.351 <.001 

 AIC: -949.653   
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Figure 1. Histogram of ADAS-cog Residuals 
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Figure 2. Histogram of MMSE Residuals 
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Figure 3. Histogram of LM-I Residuals 
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Figure 4. Histogram of VR-I Residuals 
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Figure 5. Histogram of VSAT Residuals 
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Figure 6. Histogram of BNT Residuals 
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Figure 7. Histogram of PSMS Residuals 
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Figure 8. Histogram of IADL Residuals 
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