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ABSTRACT 

Appropriate planning for the future functional decline of patients with Alzheimer’s disease 

(AD) is very important. An easy-to-utilize, reliable method for predicting progression of 

deficits in instrumental activities of daily living (IADL) would have great clinical utility. The 

literature predicting functional decline is sparse. This study sought to validate a “pre-

progression” estimate of functional decline (rate of annual decline prior to AD diagnosis) for 

use in predicting future functional decline.  Broader analyses of baseline correlates and future 

predictors of IADLs were also performed. Participants were 785 AD patients enrolled in the 

Alzheimer’s Disease and Memory Disorders Center (ADMDC) at Baylor College of 

Medicine. Linear mixed-effects models were utilized to predict the decline over time in 

IADLs from baseline information. The IADL pre-progression estimate was found to 

significantly predict future rate of decline even after covariates of age, education, sex, and 

baseline dementia severity were taken into account. However, the direction of the effect, with 

lower pre-progression rates predictive of faster decline, was reverse of what was 

hypothesized. Older Age and more neuropsychiatric symptoms at baseline were significantly 

predictive of faster future decline (though with a negligible effect size), while MMSE scores 

and neuropsychological tests results were not. Multiple regressions were used to examine the 

baseline correlates of IADL performance. Age, MMSE, neuropsychological domains (except 

motor), and neuropsychiatric symptoms were significantly related to greater IADL 

impairment at baseline. In summary, there is a disparity between baseline relationships with 

IADL impairment and ability to predict future IADL decline. Due to the reversed direction of 

the expected effect, the pre-progression estimate of IADLs was not deemed a valid tool for 

predicting future decline in functional ability.   
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Introduction 

Presently in the United States, 11 percent of individuals 65 years or older have 

Alzheimer’s disease (AD), while 32 percent of those 85 or older have the disease (Hebert, 

Weuve, Scherr, & Evans, 2013). In total, the current prevalence of AD among all age groups 

is approximately 5.2 million. Due to the aging baby boomer population, the number and 

proportion of individuals in the United States entering the age range at risk for developing 

AD is increasing. A concomitant increase in AD prevalence is a reasonable prediction; 

without more effective treatments or prevention, it is estimated that by 2050, between 13.8 

and 16 million Americans 65 years of age or older will meet the current criteria for diagnosis 

of Alzheimer’s (Hebert et al., 2013; Hebert et al., 2003). In 2014 the incidence of new cases 

of AD will be approximately 469,000 among those 65 years or older. Due to the aging 

population, by 2050 the number of annual new cases in America is expected to double 

(Hebert, Beckett, Scherr, & Evans, 2001). 

 The economic costs for caring for patients with AD and other dementias are high, and 

make them among the most costly chronic illnesses to society (Hurd, Martorell, Delavande, 

Mullen, & Lange, 2013). In total, the medical costs for Americans with AD and other 

dementias in 2014 will be approximately $214 billion. After partialling out Medicare, 

Medicaid, individual insurance coverage, and other forms of support, out of pocket expenses 

will be $36 billion (Alzheimer’s Association, 2014). The financial cost to unpaid caregivers 

is substantial. The value (both in lost wages and time spent caregiving) of unpaid caregivers 

to loved ones is about equal to the actual amount spent on medical and long-term costs of 

dementia (Hurd et al., 2013). 
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The majority (up to 85 percent) of caregivers for AD patients are unpaid family 

members (Gitlin & Schulz, 2012). Providing care for a loved one is a large time commitment 

and when combined with other life responsibilities often results in significant burden on the 

caregiver. A majority (59 percent) of family caregivers report “high or very high emotional 

stress” and 38 percent report similar levels of physical stress (Alzheimer’s Association, 

2014). This emotional stress frequently manifests in mood difficulties, with 39 percent of 

caregivers of dementia patients suffering from depression (Pinquart & Sörensen, 2003).  

The most common assistance given by caregivers is in the domain of activities of 

daily living, such as bathing and managing finances (Gaugler, Kane, & Kane, 2002), but as 

the disease progresses behavioral and/or personality changes frequently occur. These changes 

are reported as among the most stressful to caregivers (Ornstein & Gaugler, 2012). As the 

disease further progresses, caregiver burden worsens (Peacock, 2013) as the emotional, 

physical, temporal, and financial resources necessary to maintain adequate care grow (Schulz 

et al., 2004; Vitaliano, Zhang, & Scanlan, 2003; Alzheimer’s Association, 2014).  

Functional Abilities in AD Patients  

Impairment in functional abilities in patients with dementia have been shown to 

decrease quality of life for both the patient and the caregiver (e.g., Vetter et al., 1999), 

increase caregiver burden (e.g., Razani et al., 2007; Schubert et al., 2008), and increase 

likelihood of utilization of higher levels of health-care services, including institutionalization 

(Hope, Keene, Gedling, Fairburn, & Jacoby, 1998; Severson, Smith, Tangalos, & Peterson, 

1994). 

In the context of dementia, functional abilities are often assessed by examining 

activities of daily living (ADLs). Basic ADLs consist of physical self-care tasks such as 
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feeding oneself, grooming, and bathing. Instrumental ADLs (IADLs) are more complex tasks 

with multiple steps, such as managing one’s medications, transportation, and shopping. 

IADLs are more reliant on cognitive, than physical, ability, and therefore much more likely 

to be impacted early in the course of Alzheimer’s dementia (Stern, Hesdroffer, Sano, & 

Mayeux, 1990). IADLs are therefore a more fruitful area of study for predicting future 

decline, as IADL impairment will be present for a much greater percentage of the disease 

course. Some (e.g., Kahle-Wrobleski et al., 2014) have very recently found evidence 

suggesting that ADLs be further subdivided into more distinct factors, but further research 

needs to be performed to precisely identify these factors. 

Assessing ADLs. Measuring functional abilities (i.e., the ability to perform complex 

activities such as management of medications and of finances) is challenging. Some 

investigators (e.g. Karagiozis et al., 1998; McDougall et al., 2010; Schwartz, Segal, 

Veramonti, Ferraro, & Buxbaum, 2002) have made efforts to directly measure these abilities. 

These methods require a trained assessor to administer tests which purport to have ecological 

equivalence to real-world skills. The benefits of these types of tests include in-depth error 

analysis (e.g., commission v. omission), which have been hypothesized to be related to 

distinct neuropsychological processes (Giovannetti et al., 2008).  However, the downside to 

this approach, as Cahn-Weiner and colleagues (2007) point out, is that it is time consuming 

(which reduces its use in large scale investigations) and may not be ecologically valid (e.g., 

since the assessor is present to prompt the patient).  

While direct observation of a patient in a naturalistic environment would be ideal, it is 

often not practically possible. To that end, self-report and/or informant questionnaires have 

often been used. Lawton and Brody (1969) created an informant-report IADL measure 
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which, while not created specifically for dementia patients, is amongst the most widely used 

IADL measures in AD research (Sikkes et al., 2009). It measures degree of independence in 

the domains of telephone use, shopping, food preparation, housekeeping, laundry, 

transportation, responsibility for medications, and ability to handle finances. While not much 

research into the measure’s validity and reliability has been undertaken (nor for most ADL 

measures in the context of dementia: Sikkes et al., 2009), it has been shown to be cross-

culturally valid (Ng, Niti, Chiam, & Kua, 2006), with good interrater reliability (Hokoishi et 

al., 2001), sensitivity to change over time in mild and moderate AD (Green, Mohs, 

Schmeidler, & Aryan, 1993), and was comparably related to neuropsychological test results 

as a measure of direct ADL assessment (Farias, Harrel, Neumann, & Houtz, 2003). In 

contrast, it has not been shown to be able to independently diagnose dementia (Hancock & 

Larner, 2007), and in one study, ceiling effects among up to 20% of AD patients was 

observed (Green et al., 1993). As Sikkes and colleagues (2009) conclude, in the context of 

dementia, validation of ADL measures (and IADL measures in particular) remains a 

markedly under-investigated area. 

Demographic variables and ADLs. The relationships between demographic 

variables and IADLs at baseline in the literature are decidedly mixed. Some studies (e.g., 

Ford, Haley, Thrower, West, & Harrell, 1996; Mok, Chu, Chung, Chan, & Hui, 2004) found 

that age and years of education were not related to IADLs at baseline, whereas Cahn-Weiner 

et al. (2007) reported that lower education was associated with lower IADL functioning at 

baseline (but age and gender were not). However, in a more recent study (Benke et al., 2013), 

old age and male gender were found to be independent predictors of reduced IADLs. In one 

large community study (Blazer, Fillenbaum, & Burchett, 2001), an interaction between 
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female gender and carrying the ApoE (ε4) allele was associated with decreased baseline 

functional ability; this study also found that ethnicity does not appear to be a factor. 

In contrast to the relationship between cognitive decline and demographic variables in 

AD, the relationship between rate of functional decline and demographic variables in AD has 

been seldom studied, and results have been mixed. In some cases, age of onset has been 

shown to predict future functional decline. Jacobs et al. (1994) compared early onset 

(operationalized as symptom onset prior to age 65) to late-onset patients, and found that 

amongst the early onset group, earlier age of onset predicted faster functional decline 

(measured using the Blessed Dementia Rating Scale) at two year follow-up.  In other studies, 

demographic variables, including age, were unrelated to functional decline (e.g., Mayeux, 

Stern, & Spanton, 1985). ApoE (ε4) status also does not appear to be related to decline in 

functional abilities in AD (Kleiman et al., 2006). 

Dementia severity and ADLs. Previous research has demonstrated a significant, but 

imperfect, association between dementia severity (overall degree of cognitive impairment) 

and functional abilities. For example, Skurla, Rogers, and Sunderland (1988) found that 

among AD patients, directly assessed functional abilities were related to ratings on some, but 

not all, of the dementia severity scales examined, indicating that dementia severity is a 

distinct but related construct to functional ability. Patients with moderate to severe dementia, 

as a group, are significantly more functionally impaired than patients with mild dementia on 

ADLs (Aliberti et al., 2007), but there is significant variability in this relationship (e.g., some 

more severely demented patients showing relatively good functional abilities, and vice 

versa). Razani et al. (2009) observed a relationship between MMSE scores and directly 
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assessed daily functional tasks in AD patients. The MMSE orientation subscore was a 

particularly strong predictor of observed functional ability. 

Dementia severity (overall cognitive impairment) measured at baseline has been 

shown to influence the rate of cognitive decline in AD patients, with lower baseline severity 

associated with slower cognitive decline (e.g., Atchison, Bradshaw, & Massman, 2004; 

Burns, Jacoby, & Levy, 1991; Drachman et al., 1990), but there is significantly less research 

investigating baseline severity’s strength of association with functional decline. Schmeidler, 

Mohs, and Aryan (1998) divided a cohort of 151 AD patients into four severity groups and 

tracked their IADLs over one year. They found that patients in the moderate and severe 

groups, but not the mild or very severe groups, declined more quickly in IADLs. Atchison, 

Massman, & Doody (2007) found that baseline dementia severity modestly predicted faster 

decline on a measure of physical self-maintenance, despite equivalent baseline scores on this 

measure.  

Neuropsychological test performance correlates of ADLs. Earlier studies 

examined overall global impairment and general measurements of functional ability, but 

found that a more nuanced approach would be warranted (e.g., Reed, Jagust, & Seab, 1989). 

In response, recent research has focused on investigating how individual domains of 

cognitive ability are associated with basic and/or instrumental activities of daily living.  

A baseline relationship between functional ability and performance on 

neuropsychological tests has previously been demonstrated (e.g., Farias, Harrel, Neumann, & 

Houtz, 2003) with the most consistent and persuasive evidence in the domain of executive 

functioning. Razani et al. (2007) observed that deficits in verbal fluency and cognitive 

flexibility (i.e., Wisconsin Card Sorting Test performance) were associated with decreased 
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ADLs (both directly assessed and informant-reported) in dementia patients with relatively 

mild clinical presentations. Boyle et al. (2003) found a relationship between executive 

dysfunction on the Mattis Dementia Rating Scale (Initiation/Perseveration) and ADLs in 

mildly to moderately demented AD patients. Other research groups have found a significant 

relationship between executive dysfunction and IADL impairment across older adults in 

normal, mild cognitive impairment (MCI), and Alzheimer’s disease groups (e.g., Marshall et 

al., 2011; Pereira, Yassuda, Oliveira, & Forlenza, 2008).  

Relatively fewer studies have used neuropsychological measures to predict 

longitudinal rate of change of IADLs. One such study (Cahn-Weiner et al., 2007) of 

dementia patients found that while baseline measures of executive functioning, memory, and 

hippocampal and cortical volumes were associated with baseline IADLs, only executive 

dysfunction (assessed via a combination of Wechsler Memory Scale-R Digit Span backward, 

Visual Memory Span backward, Initation/Perseveration from the Mattis Dementia Rating 

Scale, and letter fluency) predicted future rate of functional decline. Boyle, Paul, Moser, and 

Cohen (2004) found that executive dysfunction predicted future functional decline one year 

later, but this was in the context of vascular dementia, and not AD. 

Cognitive domains outside of executive functioning have also received some 

attention, although the results have been mixed. Nonverbal ability predicted faster decline in 

functional abilities (as opposed to cognitive decline) in a study by Mortimer and colleagues 

(1992). Visual-spatial deficits may differentially predict rapid functional (more so than 

cognitive) decline (Buccione et al., 2007). Atchison, Massman, and Doody (2007) also found 

visual spatial skills, in addition to processing speed and concept formation, were indicative of 

faster decline in physical self-maintenance. Interestingly, memory abilities have not been 
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found to be predictive of future functional decline in patients with dementia (Goldstein, 

McGue, Rogers, & Nussbaum, 1992), but have been observed in community dwelling 

samples (McCue, Rogers, & Goldstein, 1990; Farias et al., 2004). One possible explanation 

is that restricted variability and/or floor effects present in existing memory measures make 

finding significant associations with functional abilities difficult. 

Neuropsychiatric symptoms and functional abilities. Neuropsychiatric symptoms 

have been associated with functional impairment. For example, Chen and colleagues (1998) 

reported that agitation and overall number/severity of neuropsychiatric symptoms were 

related with both functional impairment and executive dysfunction (the two of which have a 

strong relationship, as previously discussed). After controlling for executive dysfunction, 

apathy was found to be associated with IADL impairment (Boyle et al., 2003). In a large 

international study, baseline extrapyramidal symptoms (e.g., abnormal gait, bradykinesia, 

cogwheel rigidity, postural instability, and tremors) were significantly associated with greater 

impairment in both ADLs and IADLs in AD patients not taking neuroleptics (Choi et al., 

2013). 

Further, the presence of neuropsychiatric symptoms at or near baseline has been 

shown to be associated with hastened functional decline, and often in a different profile than 

predictions of cognitive decline. Behavioral disturbances such as hallucinations and paranoia 

in the first year, as well as extrapyramidal signs at baseline, predicted faster overall 

functional (compared to cognitive) decline (Mortimer et al., 1992). Lopez et al. (1997) also 

found extrapyramidal symptoms  to be predictive of faster functional progression, with the 

specific symptom of tremors being most significant (though tremors are a rare symptom in 

mild AD). Stern and colleagues (1994) agreed that symptoms of psychosis are related to 
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functional decline, but found that extrapyramidal signs were related to more rapid cognitive 

decline.  

In contrast, it has also been reported that other neuropsychiatric symptoms are more 

strongly related to faster functional decline than are psychotic symptoms.  For example, 

Levy, Cummings, Fairbanks, and Bravi (1996) found that agitation was more highly 

associated with faster functional decline than was psychosis, which was associated with more 

rapid cognitive decline. A syndrome of affective symptoms (anxiety and depression) from 

the Neuropsychiatric Inventory was shown to differentially predict functional decline, while 

only manic symptoms were related to cognitive decline (Palmer et al., 2011). Similarly, 

several researchers have found that the presence of apathy predicted faster functional decline 

(Lechowski et al., 2009; Starkstein et al., 2006). In contrast, Drachman and colleagues (1990) 

did not find a relationship between functional decline and psychosis, anxiety, or depression. 

However, the overall weight of the evidence indicates that the presence of 

neuropsychiatric symptoms at or near baseline is associated with a decline in functional 

status in a differential pattern than decline in cognitive abilities, though there is still some 

clarification needed to determine the specific profile of symptoms associated with each 

domain. Regardless of the specific profiles, what is known thus far is that clinical signs (such 

as neurological symptoms) occur much later in the disease process, after a long period of 

neurobiological changes. 

Alzheimer’s Disease Progression 

The current prevailing model of the development of AD posits that cognitive and 

behavioral symptoms are the result of perhaps decades of pathological neurobiological 

changes. Viewing clinical symptoms as an end point of the process requires presymptomatic 
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investigations to shift to examining the biological signifiers of changes in the brain. These 

biomarkers signify changes to the brain typical of AD neuropathology. If the degenerative 

processes caused by the disease occur in predictable order, the presence of the biomarkers 

indicative of each such process should also be observed in a reliable temporal order. Jack and 

colleagues (2010) proposed an influential model of this order of neurological change, and 

revised it later in response to additional evidence (Jack et al., 2013). 

The amyloid cascade hypothesis is a quite commonly held view in the literature that 

states that AD begins with atypical processing of amyloid precursor protein, which causes a 

disruption in the balance between production and clearance of amyloid β-peptide (Aβ) 

(Hardy & Selkoe, 2002). Excess extracellular deposits of Aβ in the brain begin a process of 

neurological degeneration involving hyperphosphorylated tau, dysfunction in the synapses, 

eventual cell death, and reduction in brain volume (Oddo et al., 2006).  In their updated 

model, Jack et al. (2013) support the amyloid cascade hypothesis by stating that abnormally 

low levels of a specific type of beta amyloid in the cerebrospinal fluid (Aβ42) is the first 

biomarker to be observed in the process of AD development (see Figure 1). This is followed 

by observation of Aβ42 in PET imaging through use of Pittsburgh compound-B (e.g., Klunk 

et al., 2004). Of importance to Jack et al.’s model is that these signifiers of Aβ plaque 

development precede those of neuronal dysfunction, neuronal injury, and neurodegeneration 

(such as tau).  

Increased concentration of CSF tau is the first biomarker to signal AD 

neurodegeneration in Jack et al.’s (2013) model. Increased CSF tau is not specific to AD, as 

it appears to signal general neuronal damage and is seen in both TBI and strokes (e.g., Hesse 

et al., 2001; Öst et al., 2006). However, there is an association between greater cognitive 
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impairment and higher concentrations of CSF tau among MCI/AD patients (Shaw et al., 

2009). In the context of AD, hyperphosphorylated tau accrues inside neurons, which disrupts 

tau’s normal role in axonal transport and in turn disturbs cellular function, eventually leading 

to ejection of tau into the intercellular space, the creation of neurofibrillary tangles, and 

neuronal loss (Blennow et al., 1995). This intercellular tau makes its way to the CSF, 

becoming the biomarker under discussion. Other, later biomarkers of neurodegeneration 

include imaging data indicative of gross neuronal loss. In this regard, Jack et al. point to 

overall decreased metabolism observed through decreased uptake of fluorodeoxyglucose on 

PET scans, and decreased brain volume observed through structural MRI. 

Structural changes in the brain. Many structures are eventually damaged by AD, 

but the most prominently, and earliest, impacted region appears to be the medial temporal 

lobe (MTL), which includes structures related to memory such as the hippocampus and 

entorhinal cortex. These MTL structures are crucial to the formation of long-term memories, 

which is typically the earliest appearing and most pronounced cognitive deficit observed in 

AD patients (Weiner et al., 2013). This damage appears as diffuse atrophy in the implicated 

regions, and takes the form of shrunken cells, loss of neurons, and decreased synaptic density 

(Bobinski et al., 2000; Selkoe, 2002).  

While the literature is sparse on brain structures damaged before cognitive symptom 

onset, current MRI evidence indicates that asymptomatic individuals who will later convert 

to AD have damage to the MTL, and specifically the hippocampus (den Heijer et al., 2006; 

Rusinek et al., 2003; Tondelli et al., 2012). Older adults with cognitively normal profiles but 

at higher genetic risk for developing AD (i.e., carriers of the apolipoprotein E (ApoE) ε4 

allele) show lower hippocampal volume (Reiman et al., 1998) than non-carriers. Similarly, 
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those with maternal familial history of AD have been found to have reduced volume of MTL 

structures (hippocampus and parahippocampal gyrus) and the precuneus (Honea, Swerdlow, 

Vidoni, & Burns, 2011). 

At the point when clinical symptoms are manifest, the picture of brain atrophy 

becomes clearer. Much research has been devoted to differentiating between patients with 

MCI do and do not later convert to AD. In comparison to normal controls and/or non-

converting MCI patients, MCI patients who later develop AD have been shown to have more 

damage to the MTL, lateral temporal cortex, posterior parietal cortex (including precuneus), 

and posterior cingulate (Chételat et al., 2005; Hämäläinen et al., 2007; Karas et al., 2008; 

Risacher et al., 2009). As pointed out by Tondelli and colleagues (2012), there is some 

variation amongst studies regarding the degree of atrophy and laterality of these findings. 

However, the clear common thread in the literature remains the MTL, to the point that 

atrophy of MTL structures in MCI has been recommended by many to be a biomarker of 

future conversion to AD (e.g., Frisoni, Fox, Jack, Scheltens, & Thompson, 2010).  

Once diagnostic criteria for AD have been met, more widespread cortical atrophy is 

observed in addition to the above-discussed regions. However, regionally specific atrophy is 

most pronounced in the MTL, specifically the hippocampus and entorhinal cortex (Busatto, 

Diniz, & Zanetti, 2008; Hua et al., 2010; Riscaher et al., 2010, Schuff et al., 2009), with 

expansion of the ventricles (Evans et al., 2010) and thinning of the neocortex (Desikan et al., 

2010) also being prototypical. 

Symptom appearance. In Jack et al.’s (2013) model, the last biomarkers to occur are 

imaging evidence of brain volume loss (discussed at length above). Of all the biomarkers, 

they propose imaging evidence should co-occur most closely with cognitive changes. Since 
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structures related to memory creation are most impacted by AD, it reasonable to expect that 

memory difficulties should be the earliest clinical sign of AD. 

For example, in a longitudinal community study examining presymptomatic AD, 

Chen and colleagues (2001) examined the decline of cognitive abilities in elder adults. When 

comparing individuals who would develop AD 1.5 years later versus the non-demented, they 

found that cognitive decline during this presymptomatic stage was greatest in the domains of 

memory and executive functions. In support of this, others have found that before 

development of MCI in patients who will convert to AD, there was a slow, long stage of 

episodic memory decline which accelerates before development of MCI (Bäckman, Small, & 

Fratiglioni, 2001). During the MCI stage, verbal memory, semantic fluency, and visuospatial 

skills decline en route to development of full AD (Howieson et al., 2008). Unfortunately, as 

Sperling and colleagues (2011) discuss, presently there is no evidence that cognitive or self-

report measure(s) can reliably predict the progression to AD in a given individual. 

Profile of cognitive deficits in AD. The pattern of cognitive deficits observed once 

full AD diagnostic criteria are met has been extensively studied (see Weintraub, Wicklund, & 

Salmon, 2012 for a recent review). Episodic memory, tested in a variety of ways across 

multiple modalities, is greatly impaired (for an extensive review, see Salmon, 2000). The 

patterns of performance observed on these tests suggest that ineffective consolidation, not 

retrieval, is the source of memory deficits (Delis et al., 1991). Language deficits in object 

naming (Hodges, Salmon, & Butters, 1991), categorizing semantic information (Aronoff et 

al., 2006), and verbal fluency (Monsch, et al, 1992) are representative of a breakdown of 

semantic knowledge. In terms of verbal fluency, AD patients perform worse on tests of 

semantic fluency (which relies more heavily on semantic knowledge) than phonemic fluency, 
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which indicates a breakdown of semantic knowledge more so than a difficulty retrieving 

stored knowledge (Rorher, Wixted, Salmon, & Butters, 1995). Executive functions (itself an 

at-times nebulous concept) are variably impacted in AD. In mild AD, tests which require 

manipulation of information via sequencing or set-shifting (e.g., Trailmaking Test, Part B) 

are impacted first (Lafleche & Alpert, 1995), while problem solving is impacted later (Bondi, 

Monsch, Butters, Salmon, & Paulsen, 1993). Working memory is also impacted as AD 

progresses. In mild AD, deficits are seen in more complex working memory tasks involving 

divided attention and/or selective attention (Perry & Hodges, 1999). Only later in the illness 

are focusing ability and sustained attention impacted (e.g., Cherry, Buckwalter, & 

Henderson, 2002). Visuospatial abilities are commonly reduced in AD (Cronin-Golomb & 

Amick, 2001). Some have argued that the cause of these deficits are damage to the cortical 

connections between distinct information processing areas (Morrison, Hof, & Bouras, 1991), 

such that AD patients are significantly more impaired on visuoperception tasks requiring 

identification of multiple features (with each feature associated with a distinct brain region) 

than on equally difficult tasks with involving only single features (Foster, Behrman, & Stuss, 

1999; Tales et al., 2002). Thus, while the profile of cognitive deficits in AD is well 

understood, Weintraub, Wicklund, and Salmon (2012) point out that the pattern is strongest 

earlier in the disease: The longer the neurodegenerative process continues, the more globally 

impaired the individual becomes, and the less distinct the boundaries between cognitive 

domains are.  

Pre-progression Estimates 

The prediction of future impairment utilizing easily assessed variables is an important 

goal. In studies performed at Baylor College of Medicine Alzheimer’s Disease and Memory 
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Disorders Center (ADMDC), one variable associated with cognitive decline was “MMSE 

pre-progression.” This variable is an estimate of the patient’s rate of decline on the MMSE 

from the time when AD symptoms were first observed by informants (most often the 

patient’s spouse) until the initial, baseline evaluation.  It was calculated using the formula: 

(30 [perfect MMSE score] – MMSE score at the baseline evaluation) / physician’s estimate 

of duration [in years] (Doody, Massman, & Dunn, 2001). A semi-structured interview was 

used by the physician to determine estimate of duration before baseline (Doody, Dunn, 

Huang, Azher, & Kataki, 2004). For example, a patient with a baseline MMSE of 21 with an 

estimated duration of three years would have a pre-progression rate of three points per year. 

Another patient with the same MMSE score but an estimated duration of one year would 

have a pre-progression rate of nine points per year. 

As reviewed earlier, predicting rate of change of IADLs in AD is an under-researched 

area. Applying the above MMSE pre-progression paradigm to IADLs could prove beneficial 

to increasing our ability to determine future rate of change using information available at a 

patient’s initial evaluation. It would be especially useful to patients and family members if 

information available from this evaluation could be used to predict subsequent rate of decline 

in complex functional abilities. Family members could be better able to plan for future care 

and expenses, such as how long the patient may be able to function independently and the 

timing of possibly moving into an assisted living facility. The present study utilized the large 

Baylor ADMDC longitudinal database to determine if a similarly derived “IADL pre-

progression measure” had predictive validity and utility, i.e., was useful in predicting future 

rate of IADL decline.  
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Hypotheses 

The goals of the present study were two-fold. The primary goal of the study was to 

examine the predictive utility of the IADL pre-progression (which is calculated at the 

baseline visit).  

1. It was hypothesized that the baseline IADL pre-progression rate would significantly 

predict future rate of IADL decline in AD, with higher pre-progression rates 

indicating faster decline over time. 

2. It was also hypothesized that these pre-progression estimates would significantly 

enhance prediction of IADL decline even when baseline dementia severity and 

baseline demographics were taken into account. 

The secondary goal of the present study was to examine the baseline correlates of 

IADLs and the longitudinal predictors of IADL change over time. As detailed above, there is 

a reasonable amount of confusion in the literature. It was hoped that this large, well-

characterized sample of probable AD patients would lend clarity to these topics.  

3. It was hypothesized that the baseline demographic of age would be significantly 

correlated with baseline IADLs (with greater age associated with reduced IADL 

performance), and younger age at baseline would be predictive of faster IADL 

decline.  

4. It was also hypothesized that greater baseline dementia severity (MMSE) would be 

associated with worse baseline IADLs and predict faster IADL decline.  

5. Based on prior research, it was hypothesized that deficits in neuropsychological 

measures of executive functioning (specifically Controlled Oral Word Association 

and Verbal Series Attention Test), visuospatial/visuoconstructional skills (specifically 
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WAIS-R Block Design and Rey-Osterrieth Complex Figure Test – Copy), and motor 

ability (specifically Finger Tapping Test, dominant hand) would each be associated 

with decreased IADLs at baseline, and predictive of faster future decline. In contrast, 

it was hypothesized that neither memory (WMS-R Logical Memory 1 and Visual 

Reproduction 1) nor language (Boston Naming Test and Animal Naming) would be 

associated with decreased IADLs at baseline, and they would not be predictive of 

IADL change over time. 

6. Lastly, presence of Parkinsonism and neuropsychiatric symptoms at baseline (Initial 

Examination interview) were hypothesized to be associated with higher baseline 

IADL impairment and faster IADL decline over time. 

Methods 

Participants 

 Participants were 785 patients (67% female) with age ranging from 44 to 93 years old 

(M = 74.1 years, SD = 8.4) at baseline. The sample was predominantly Caucasian (98%). 

Mean education attainment was 14.2 years (SD = 3.3). At the time of the initial baseline 

evaluation, the participants had a mean MMSE score of 21.6 (SD = 4.7) and a Lawton Brody 

IADL total score of 14.4 (SD = 6.2). The participants were selected from those enrolled in 

the Baylor College of Medicine Alzheimer’s Disease and Memory Disorders Center 

(ADMDC) longitudinal database who met criteria for probable AD at initial and each annual 

follow-up evaluation using the NINCDS-ARDA diagnostic criteria (McKhann et al., 1984). 

Participants must have had undergone a full standard neuropsychological evaluation at their 

baseline visit, and at least one follow-up evaluation.  
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Procedures 

Obtaining the archival data. The present study utilized archival data from the 

Baylor ADMDC longitudinal database. Started in 1989, the Baylor ADMDC’s goal has been 

to translate laboratory findings into methods for augmenting AD prevention, diagnosis, and 

treatment. The ADMDC has participated in multiple major AD clinical trials, is an active 

clinical and research site in the Alzheimer’s Disease Cooperative Study (ADCS), and a 

contributing site to the Alzheimer’s Disease Neuroimaging Initiative (ADNI). The goal of the 

ongoing longitudinal database is to track the performance over time of individuals with 

probable AD in clinical and psychometric domains. Referral sources are diverse, coming 

from physicians, the Alzheimer’s Association, self-referral, or family members (Doody et al., 

2005). The patients’ comprehensive evaluation includes interviews, neurological and 

physical work ups, blood work, genetic and other laboratory testing, neuroimaging, and a 

comprehensive neuropsychological assessment. 

 As part of their initial visit, the patient’s AD symptom duration is calculated using a 

standardized method of chart review and semi-structured interview (Doody, Dunn, Huang, 

Azher, & Kataki, 2004). First, a questionnaire is given to the informant/caregiver which asks 

them to estimate the first occurrence of each of 34 symptoms. In concert with review of 

medical records, the neurologist makes an estimate of the earliest symptom onset. Next, 

during a semi-structured interview, the neurologist asks the patient and informant questions 

about what was occurring in their life around the time of the earliest symptom onset, 

including behavioral and cognitive functioning preceding, during, and subsequent to the 

event. Finally, with all of the above information in hand, the neurologist makes a 

determination of the duration of AD symptoms prior to the visit. Doody et al. (2004) found a 
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high interrater reliability (rho = 0.95, p < 0.001) between the neurologists participating in 

their study. 

Comprehensive neuropsychological evaluations were conducted at the initial visit and 

annual follow ups. The battery consisted of standardized tests and/or questionnaires in major 

neuropsychological domains including language, learning and memory, executive function, 

attention, motor skills, mood, behavior, and functional ability.  

  The ADMDC utilizes a case consensus model for diagnosis of possible or probable 

AD with the NINCDS-ARDA diagnostic criteria (McKhann et al., 1984). After diagnosis, a 

feedback session with the patient and family is scheduled, where they are provided with 

information and psychoeducation about the diagnosis. They are then assessed for 

appropriateness of further services and/or treatment. 

 Informed consent is obtained from the patient or the individual with the appropriate 

power of attorney. Clinical, laboratory, and neuropsychological test results are then entered 

into the ADMDC longitudinal database. Germane approvals from the Baylor College of 

Medicine Institutional Review Board (and from the University of Houston Committee for the 

Protection of Human Subjects) were received for the present archival study. 

Calculating pre-progression rates. The IADL pre-progression rate was calculated 

using a similar method to MMSE pre-progression described above. Lawton and Brody’s 

(1969) IADL scale scores were obtained based on informant report (see Appendix 1). 

Estimations of illness duration prior to enrollment were made using standardized methods 

described above (Doody et al., 2004). A rate of pre-progression IADL decline was then 

calculated for each patient and used to predict their IADL change over time ((IADL at 

baseline – expected ‘normal’ IADL) / estimated duration). In order to adjust for “Not 
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Applicable” item scores (indicating that the patient never performed those tasks, such as 

laundry, prior to illness), those maximum item values were subtracted from 31 (the 

maximum total score) in order to derive an individualized maximum potential total score. For 

example, if a patient never performed laundry nor food preparation tasks, which are worth at 

most three points and five points respectively, then their individual maximum potential score 

would be 31 – 3 – 5 = 23. Then, their total score from the remaining items would be taken, 

subtracting one point for each remaining item (i.e., ‘normal’ functioning), and divided by the 

above potential IADL total score to arrive at an IADL ratio. In our example, assume the 

patient’s score on the IADL instrument is 12. As there are eight maximum items on the 

instrument and two are excluded for this patient, the IADL ratio would be 12 - (8 – 2), 

divided by the above 23, to equal 0.261. Finally, dividing this ratio by estimated disease 

duration prior to enrollment would result in an estimate of IADL pre-progression. The full 

equation: 

(
𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐼𝐴𝐷𝐿 𝑡𝑜𝑡𝑎𝑙 − 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑡𝑒𝑚𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑

31 − 𝑒𝑥𝑐𝑙𝑢𝑑𝑒𝑑 𝑖𝑡𝑒𝑚𝑠′ 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒
)

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑟𝑖𝑜𝑟 𝑡𝑜 𝑒𝑛𝑟𝑜𝑙𝑙𝑚𝑒𝑛𝑡
 

Continuing with the above example, if a patient had a baseline IADL score of 12, 

with an N.A. on Laundry and Food Preparation, and an estimated prior duration of 3 years, 

the equation for her estimated annual IADL decline would be: 

     
(
12−6

31−8
)

3
= 0.087   

Multiplying this ratio by 100 would result in a percentage estimate of this patient’s 

annual linear decline in IADL functioning prior to the initial visit. In this example, the 

patient’s IADL pre-progression is 8.7% decline annually.  
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Measures 

IADLs 

Lawton Brody Instrumental Activities of Daily Living (Lawton IADL). The Lawton 

IADL is an informant-report rating scale consisting of eight domains measuring the 

informant’s view of the patient’s degree of independence in each domain of IADLs (Lawton 

& Brody, 1969). A maximum score of 31 points is possible, with each domain weighting 

between three to five points and a higher score indicating greater impairment. For domains 

where the patient had not historically participated (e.g., laundry), that domain was removed 

from the patient’s potential total score and a ratio score was calculated. This ratio score for 

each patient was used in the present study. 

Dementia severity 

Mini-Mental Status Examination (MMSE). The MMSE is a widely-used brief 

measure used to screen for dementia and/or cognitive impairment (Folstein, Folstein, & 

McHugh, 1975). It consists of 11 short, simple items assessing domains of orientation, 

memory, attention, working memory, language, and visuoconstruction (copying a geometric 

figure). A total of 30 points are possible. 

Language 

The Boston Naming Test (BNT). The BNT is a word retrieval confrontation naming 

test consisting of 60 line drawings of everyday objects (e.g., “bench”, “beaver”, “funnel,” 

“latch”) (Kaplan, Goodglass, & Weintraub, 1983). The drawings were serially presented (in 

order of increasing difficulty) and the participant was tasked with naming each object. A 

semantic cue was provided if the participant initially misperceived the picture, and a 

phonemic cue of the first sound of the word was presented if the participant did not provide 
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the correct name but did not misperceive the picture. Participants began on item 30, with a 

reversal rule of eight consecutive correct answers to establish basal level. The total score, out 

of 60, consisted of the sum of basal items, uncued correct answers, and correct answers 

following semantic (but not phonemic) cues.  

Animal Naming. Animal Naming is a timed task of verbal category (sometimes 

called semantic) fluency. Participants were asked to name as many animals as they can in 60 

seconds without duplication. While other category groups have been used in the past (e.g., 

items found in a supermarket or fruits and vegetables; Randolph, Braun, Goldberg, & Chase, 

1993), Animals was selected as it is the most widely used and well-researched. Total score is 

the patient’s correct answers. 

Visuospatial functioning 

WAIS-R Block Design (BD). BD is a timed test of visuospatial perception and 

visuoconstructional ability from the Wechsler Adult Intelligence Scale – Revised (Wechsler, 

1981). Participants used cubes (with two red sides, two white sides, and 2 red/white sides) to 

duplicate a two dimensional red and white image in the time allotted. Adult starting points 

involved items with four blocks, increasing in difficulty and eventually involving nine 

blocks. Bonus points were allotted for quickly completing later items, with a total possible 

score of 51. As the Baylor ADMC longitudinal database is a decades-spanning project, the 

measures included have undergone periodic revision and update. For example, newer patients 

have been given a more modern version of BD (WAIS-III Block Design; Wechsler, 1997). In 

order to maintain consistency for the analyses, only the WAIS-R version was used in the 

present study.  
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Rey Complex Figure Test (RCFT), Copy. In the RCFT, copy administration, the 

participant was presented with a complex geometric figure and tasked with copying it as 

exactly as possible without rotating the stimulus or their own sheet of paper. There were 18 

specific, discrete elements identified in the scoring system, and the participant was measured 

on their ability to reproduce both the placement and form of each element (Osterrieth, 1944), 

yielding a maximum score of 36 points.  

Attention/executive functioning 

Controlled Oral Word Association Test (COWA). The COWA is a test of verbal 

phonemic fluency, where the participant was asked to say as many words as they can think of 

in 60 seconds that started with a given letter (excluding proper nouns, numbers, and words 

with the same ending such as “takes,” “taken,” “taking”) (Strauss, Sherman, & Spreen, 

2006). This task was repeated for a total of three letters. While norms exist for several three 

letter sets, the present study utilized the most commonly used set: F-A-S. The total score was 

the sum of correct responses across the three trials ignoring repeated answers. 

Verbal Series Attention Test (VSAT). The VSAT is a measure designed to test 

working memory and attention (Mahurin & Cooke, 1996). The participant was given nine 

tasks, including reciting the alphabet, counting backwards from 20 and backwards from 100 

by threes, reciting the days of the week and months of the year both forward and backward, 

reciting alternating numbers and letters in numeric and alphabetical order (i.e., “1-A, 2-B… 

10-J”), and indicating when they heard a target letter from a list of letters examiners read 

aloud. The time elapsed and errors were recorded for each task individually (except the 

vigilance task, which was not timed) and totaled overall. The participant was allowed a 

maximum of 60 seconds or 5 errors for each task. For the present study, the total timed score 
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and the individual timed scores for the items with the greatest working memory/executive 

functioning demands (100 by threes, days of the week and months of year backwards, and 

alternating numbers and letters) were used. 

Memory 

Logical Memory I (LM). LM I and II are subtests of the Wechsler Memory Scale – 

Revised (WMS-R; Wechsler, 1987). In LM I, the participant was read a total of two short 

stories and tasked with repeating each back to the examiner verbatim after they were 

presented. LM II began after 20-30 minute delay, and the participant was asked to repeat the 

stories again with little to minimal prompting. Scoring criteria were identical for each 

subtest: The participant was scored on their ability to recall discrete story elements, with each 

story worth 25 points, for a maximum of 50 points possible in each of LM I and LM II. 

However, due to the common observation of floor effects in AD populations for LM II, only 

LM I was used in the present study.  

Visual Reproduction I (VR). VR I and II are also subtests of the WMS-R (Wechsler, 

1987). In VR I, the participant was presented with four cards with drawings of increasingly 

complex geometric figures. The first three cards contained one figure, and the final contained 

two. After a ten second presentation and subsequent removal of each card, the participant 

was tasked with drawing the figure from memory as accurately as possible. VR II began after 

a 20-30 minute delay, and the participant was asked to draw the figures as best they could 

from memory. Scoring was identical for both subtests. Individual elements of each figure 

were scored for accuracy/proportionality. Later cards in the series were worth more points in 

accordance with their increasing complexity (7, 7, 9, and 18 points respectively) for a total of 
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41 points for each of VR I and VR II. As with LM I above, floor effects are commonly seen 

in AD patients for VR II. As such, only VR I was used in the present study. 

Motor functioning 

Finger Tapping Test (FTT). The FTT is a manual dexterity instrument which utilizes 

a small lever attached to a counting mechanism (Reitan & Wolfson, 1993). The participant 

was tasked with tapping as rapidly as possible with their index finger for 10 seconds (the 

dominant and non-dominant hands were tested on alternating trials to reduce fatigue). A 

series of three trials were performed, with short breaks between repetitions. The total scores 

for each hand are the average of these three trials. Only the dominant hand was used in the 

present study.  

Neuropsychiatric and extrapyramidal symptoms 

 The presence of neuropsychiatric and extrapyramidal symptoms experienced were 

collected via structured interview during the patients’ initial examination. Assessed domains 

were mood disturbance, anxiety, antisocial behaviors, paranoia, hallucinations (auditory, 

visual, olfactory), and Parkinsonisms. The total count of the reported symptoms was used, 

yielding a maximum score of 8. 

Analyses 

The primary goal of the present study was to examine the utility of the IADL pre-

progression estimate. Longitudinal data can be examined with linear mixed models (LMM), 

which have been referred to in various contexts as mixed-effects models, hierarchical linear 

models, multilevel models, and independent growth curve models. LMM has many 

advantages over other repeated measures analyses: 1) They have frequently been used to 

examine unbalanced longitudinal data sets where participants have varying numbers of data 
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points and these data points are not collected at fixed time intervals (Armitage & Colton, 

2005); 2) Missing data can be accommodated for by LMM (which is frequently the case in 

large datasets such as this), but a single missing data point can result in a listwise deletion of 

an entire participant in other analyses such as repeated measures ANOVA; 3) Subject-level 

predictor variables (such as ethnicity or education level) can be added as a random effect in 

LMM and used to determine how much of the random between-subjects variance in growth 

curves can be attributed to it after taking the fixed effects into account; and 4) Alternate 

covariance structures can be selected in LMM and compared using likelihood ratio test and 

information criteria, allowing selection of a covariance type that best fits one’s data (West, 

2009). Given the goals of the present study and the make-up of the extant database (including 

occasional missing data points and varied time lengths between visits), LMM was the most 

appropriate analysis type to utilize. 

Independent growth curves utilizing LMM procedures were used to examine the basic 

validity of the IADL pre-progression estimate by examining the relationship between it and 

the actual rate of change over time in IADLs (Hypothesis 1). The first preliminary step of 

LMM analysis involves examining the outcome variable (IADL ratio). This unconditional 

mean model analysis is a one-way ANOVA with a random effect and no predictors. This 

analysis allows examination of the mean IADL ratio over time and how much variation is 

attributable to intra- and inter-individual levels. The proportion of outcome variability 

attributable to differences between participants is the intraclass correlation coefficient (ICC). 

In general, ICC below .25 indicates LMM analysis of independent growth curves may not be 

necessary and an ANOVA approach may be adequate (de Leeuw & Kreft, 1995). The 

formula for ICC is residual estimate / (residual estimate + intercept estimate). 
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The next preliminary step was an unconditional linear growth curve model that, in 

addition to examining IADL ratio change across participants, also assessed individual 

changes over time (Singer & Willett, 2003). If the Time variable was not significant, then 

individuals did not have different rates of change over time from the overall average rate of 

change, and the LMM analysis would have been discontinued. Provided the linear Time 

variable was significant, the final preliminary model was an extension of the above. Due to 

the fact that individual growth rates are often not strictly linear over time, a quadratic 

parameter was added to the prior model to investigate this. This model was the base model to 

which other, more elaborate models were compared.  

For Hypothesis 1, IADL pre-progression and its interaction with time were added to 

the base model. If this time and IADL pre-progression interaction was significant, it would 

lend support to Hypothesis 1, that IADL pre-progression estimate is a valid predictor of 

future IADL ratio change. 

To test whether the relevant predictor significantly predicts IADL ratio rate of change 

when accounting for covariates (as in Hypothesis 2 and the longitudinal portions of 

Hypotheses 3-6), the first step was to run the base LMM model previously described with the 

addition of relevant covariates as main effects. Covariates were selected amongst age at 

baseline, sex, education, and dementia severity at baseline (MMSE score). A covariate was 

initially excluded only when theoretically appropriate (e.g., excluding age as a covariate 

when examining whether age predicts IADL ratio decline). Significant covariates were then 

retained and their interaction with Time added to the next model. Finally, from that model, 

the remaining significant covariates and significant covariate*time interactions were retained 

and the predictor and its interaction with IADL pre-progression and its interaction with time 
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were added. If the predictor*time interaction was significant, it would lend support to the 

hypothesis that it is a valid predictor of IADL ratio change over time. Then the residuals 

from the base model and the new model were compared (using a measure of effect size 

common to these types of analyses, the “pseudo-R1
2”; Singer & Willett, 2003), to see how 

much of the IADL ratio variance is explained by the predictor, above and beyond the 

influence of time and the covariates. Two models (visuospatial/visuoconstructional skills 

from Hypothesis 5, and neuropsychiatric symptoms from Hypothesis 6) necessitated a new 

base model to be created for comparison, as they had a markedly lower N’s than the other 

models. 

Regarding Hypothesis 5 (which involves neuropsychological measures as predictors): 

Instead of analyzing each measure individually, or all together as a single large group, a 

series of these analyses were performed with the measures grouped into neuropsychological 

domains (language, memory, visuospatial/visuoconstructional, executive 

functioning/attention, and motor). Raw scores were used because covariates such as age and 

education were already included in the model, and using normed scores such as scaled or Z 

scores would have essentially corrected the data for those factors twice. Further, as the tests’ 

standardized scores were derived from different normative sources, this double correction 

could have influenced different tests to varying degrees depending on the quality and 

character of their original normative sample. 

Selection of covariance type for the model is an important step in drawing accurate 

conclusions. The covariance type was selected by analyzing the final model with different 

common covariance types and comparing -2 log likelihood (-2LL), Akaike’s Information 

Criterion (AIC), and Schwarz’ Bayesian Criterion (BIC) following a procedure outlined by 
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Shek and Ma (2011). Lower numbers indicate better model fit, and were statistically 

evaluated for significant differences with chi-square tests. Covariance structures examined 

were unstructured (UN), compound symmetry (CS), compound symmetry: heterogeneous 

(CSH), and first order autoregressive (AR1), common selections for this type of data (Shek & 

Ma, 2009; West 2011). These information criteria and likelihood ratio were also reviewed at 

each step of the model building processes detailed above to ensure each successive 

elaboration on the base model improved fit. 

In addition to hypothesizing the role that baseline information has in predicting the 

future decline in IADL ratio, Hypotheses 3-6 also involved the nature of the relationships 

between baseline variables and IADL ratios solely at the baseline time point. To test whether 

baseline IADL ability was associated with each of these respective baseline variables above 

and beyond the role of covariates, multiple regression analyses were performed for each 

hypothesis with the relevant covariates added as the first model of dependent variables, and 

the second model dependent variables were taken from each respective hypothesis (age, 

dementia severity, neuropsychological performance, and neuropsychiatric symptoms for 

Hypothesis 3-6, respectively). Lawton IADL ratio score was the predictor variable. 

Results 

The descriptive statistics of the non-categorical variables used are found in Table 1, 

and correlations between IADL pre-progression and baseline variables are found in Table 2. 

The normality of the distributions was examined, and when appropriate, outliers were 

discarded (which occurred once, for Animal Naming). Covariates were centered to aid in 

intercept interpretation. In order to be included in the analyses, a participant had to have a 

baseline score and at least one follow-up score on the appropriate measure(s). Due to floor 
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effects in multiple variables, time points of interest were restricted to baseline visit and six 

follow-ups, a common cut-off point with this data set (Doody et al., 2010; Pavlik, Doody, 

Massman, & Chan, 2006). The number of participants with adequate data at each visit and 

their respective average times since the baseline visit can be seen in Table 3. 

Preliminary Analyses  

To examine if LMM is an appropriate analysis type for the IADL ratio, an 

unconditional mean model (a one-way ANOVA with random effect and no parameters) was 

performed. The ICC of this model was .021486/(.021486 + .034695) = .39. This implied that 

approximately 39% of the total variation in IADL ratio scores was due to interindividual 

differences, and that LMM is appropriate. 

To examine if individuals do have different rates of change over time from the overall 

average rate of change, an unconditional linear growth curve model (Model 1) was 

performed. See Table 4 for a summary of this model building process. The intercept and 

linear slope (time) parameters were significant, indicating that baseline IADL ratio and rate 

of its change over time were not static between participants in the sample: The average 

baseline IADL ratio was .48 (β = .482, SE = .007, p < .001) and annual average increase of 

IADL ratio score was .08 (β = .083, SE = .001, p < .001). This analysis also indicates that 

between-individual predictors can explain variability in the intercept and linear time effect as 

evidenced by the significance of their random errors (p < .001).   

In order to examine if there is also a quadratic component of the growth curves, a 

Time*Time variable was added to the prior model (Model 2 in Table 4). Both linear and 

quadratic growth parameters were significant. The linear effect was positive (β = .098, SE = 

.003, p < .001), indicating that linear growth increased over time. The quadratic effect was 



IADLS IN ALZHEIMER’S DISEASE   31 

negative (β = - .004, SE = .0001, p < .001), indicating the slope of the curve decelerated over 

time. However, the linear change rate (.098) is markedly larger than the quadratic rate (.004). 

The quadratic term will be retained for future models, however, given that the model fit is 

significantly greater with its presence (χ2 (1) = -2572.73 - -2602.09 = 29.36, p < .001 for Δ -

2LL; -2560.73 - -2588.05 = 27.36, p < .001 for Δ AIC; -2524.98 - -2546.38 = 21.40, p < .001 

for Δ BIC). A model adding a cubic parameter was run, but was not significant. The above 

base model (Model 2 from Table 4) will serve as the starting point for the later longitudinal 

analyses. 

Hypothesis 1 

To test if IADL pre-progression predicts future IADL ratio decline, IADL pre-

progression and its interaction with time were added to the above base model to create Model 

3 in Table 4. The IADL pre-progression estimate significantly predicted rate of change over 

time in IADL ratio (β = - 0.11, SE = .018, p < .001), although importantly, the direction of 

the effect is the opposite of what was predicted.  IADL pre-progression also significantly 

predicted IADL ratio scores collapsed across time (β = .597, SE = .062, p < .001). 

Comparing residuals of this model and the base model, IADL pre-progression estimates 

explain 3.9% of the overall within-individuals variation of IADL ratio [(.010022 - 

.009983)/.010022 = .0389]. 

 In light of the above results, and in order to see if IADL pre-progression’s prediction 

of future IADL ratio decline was more effective closer to baseline, the analysis was 

replicated with a restriction of time points up to three visits (baseline and one or two follow 

ups) as opposed to up to seven. In this restricted sample, the IADL pre-progression estimate 

significantly predicted rate of change over time in IADL ratio (β = - 0.13, SE = .026, p < 
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.001) (with the direction of effect similar to above, and opposite of what was predicted) and 

IADL ratio scores collapsed across time (β = .612, SE = .061, p < .001). Comparing residuals 

between this model and a newly created base model with this restricted range, IADL pre-

progression estimates explain 9.5% of the overall within-individuals variance of the IADL 

ratio. 

Hypothesis 2 

To test whether IADL pre-progression still significantly predicts IADL ratio rate of 

change when including covariates, education, age at baseline, sex, and MMSE score at 

baseline  were added (Model 2) to the base model (Model 1). Refer to Table 5 for a summary 

of the model building process and the final results. Education was discarded during model 

building, and covariate*time interactions retained for the final model were age*time and 

sex*time. The final model (Model 4) added IADL ratio and its interaction with time.  

IADL pre-progression was a significant predictor of the linear change over time in 

IADL ratio (p < 0.001) and was significantly associated with initial IADL ratio across time 

points (β = 0.43, SE = 0.05, p < 0.001). The linear change over time was faster for 

individuals with lower pre-progression estimates (β = -0.10, SE = 0.18, p < 0.001).  But 

again, the direct of this effect is opposite of what was predicted. IADL pre-progression (the 

predictor) accounted for 3.5% of the within-individuals variation in IADL ratio [(.010022-

.009987)/.010022) = .03492) when taking covariates into account. 

As with Hypothesis 1, this model building process was replicated with a restricted 

range of time points (baseline plus up to two follow ups) in order to see if IADL pre-

progression’s ability to predict future IADL rate decline closer to baseline when including 

covariates differed from the previous analysis including up to seven time points. IADL pre-
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progression was a significant predictor of linear change over time in IADL ratio (p < 0.001) 

and was significantly associated with change across time points (β = 0.45, SE = 0.05, p < 

0.001). The linear change over time was faster for individuals with lower pre-progression 

estimates (β = -0.13, SE = 0.03, p < 0.001). With this restricted time point sample, IADL pre-

progression accounted for 3.8% of the within-individual variation in IADL ratio when 

covariates were taken into account. 

 Selection of covariance type for the model was performed by analyzing the model 

with different covariance types and comparing -2LL, AIC, and BIC, with lower numbers 

indicative of better model fit. Covariance structures examined were unstructured (UN), 

compound symmetry (CS), compound symmetry: heterogeneous (CSH), and first order 

autoregressive (AR1).  

As presented in Table 6, the CSH and UN covariance structures yielded identical 

values, and were significantly lower than AR1 and CS (which were also identical) (χ2 (1) = -

2662.79 - -3120.92 = 458.13, p < .001 for Δ -2LL; -2636.79 - -3092.92 = 484.13, p < .001 for 

Δ AIC; -2559.33 - -3009.50 = 450.17, p < .001 for Δ BIC). CSH was selected over UN for 

use in the present study because some participants’ visits were not evenly spaced in time 

(e.g., two years between some visits instead of the normal one), and one of the assumptions 

of UN is that there is approximately equal time intervals between measurements. 

Hypothesis 3: Age 

Baseline. In order to assess the relationship between age and IADL ratio score at 

baseline, a multiple regression analysis was conducted with baseline age as a predictor; 

education, sex, and baseline MMSE score as covariates; and baseline IADL as the dependent 

variable. The covariates were first inserted into the model before the predictor in order to 
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examine its individual contribution above and beyond the covariates. The covariates were 

found to account for a significant amount of the IADL variability R2 = .34, F(3,781) = 

134.85, p < .001, and lower education, lower MMSE score, and female gender were related 

to higher values (and thus worse performance) on IADL ratings. In the second step of the 

model, age was found to account for a significant amount of the IADL variability above and 

beyond the covariates, R2 change = .038, F(1, 780) = 47.38, p < .001. These results suggest 

that Alzheimer’s patients with similar education, MMSE performance, and sex are likely to 

have worse IADL performance if they are older.  

Longitudinal. To test whether age at baseline predicts IADL ratio rate of change 

when including covariates, education, sex, and MMSE score at baseline were added to the 

base model to create Model 2 in Table 7. Education was discarded during model building, 

and the only covariate*time interaction retained for the final model (Model 4) was 

Sex*Time. 

Age at baseline was significantly associated with initial IADL ratio across time (β = -

0.005, SE = 0.001, p < 0.001), and was a significant predictor of the linear change over time 

in IADL ratio (p < 0.001). The linear change over time was faster for individuals with age 

less than the mean (β = -0.001, SE = 0.0002, p < 0.001). However, age at baseline (the 

predictor) accounted for none of the within-individuals variation in IADL ratio [(.010022-

.0010022)/.010022) = .00) when taking covariates and time into account. Thus, while the 

effects observed are significant, they are not necessarily noteworthy. 

Hypothesis 4: MMSE 

Baseline. In order to assess the relationship between dementia severity and IADL 

ratio score at baseline, a multiple regression analysis was conducted with baseline MMSE as 
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predictor; education, sex, and baseline age as covariates; and baseline IADL as the dependent 

variable. The covariates were first inserted into the model before the predictor in order to 

examine its individual contribution above and beyond the covariates. The covariates were 

found to account for a significant amount of the IADL variability, R2 = .114, F(3,781) = 

33.47, p < .001, and lower education, older age, and female gender were related to higher 

scores (and thus worse performance) on IADL ratings. In the second step of the model, 

MMSE was found to account for a significant amount of the IADL variability above and 

beyond the covariates, R2 change = .27, F(1, 780) = 332.89, p < .001. These results suggest 

that Alzheimer’s patients with similar education, age, and sex are likely to have worse IADL 

performance if they perform more poorly on the MMSE.  

Longitudinal. To test whether MMSE at baseline predicts IADL ratio rate of change 

when including covariates, education, sex, and age at baseline were added to the base model 

to create Model 2 in Table 8. No covariates were discarded during model building, and the 

covariate*time interactions retained for the final model (Model 4) were Age*Time and 

Education*Time. 

MMSE at baseline was significantly associated with initial IADL ratio collapsed 

across time (β = -0.02, SE = 0.001, p < 0.001). However, it was not a significant predictor of 

the linear change over time in IADL ratio (p = 0.38).  

Hypothesis 5: Neuropsychological Tests 

Baseline. In order to assess the relationship between neuropsychological test scores 

and IADL ratio score at baseline, a series of five multiple regression analyses were 

conducted in five domains (executive functioning, memory, language, motor, and 

visuospatial/visuoconstructional skills) with baseline scores as a predictors; education, sex, 
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baseline age, and baseline  MMSE score as covariates; and baseline IADL as the dependent 

variable. The covariates were first inserted into the model before the predictor in order to 

examine its individual contribution above and beyond the covariates. The findings are 

presented in Table 9. 

The covariates were found to account for a significant amount of the IADL variability 

R2 in all models (p < .001), indicating that lower MMSE score, older age, and female gender 

were related to higher values (and thus worse performance) on baseline IADL ratings 

(education was not significant). 

Above and beyond the covariates, motor skills (Finger Tapping-Dominant), and 

visuospatial/visuoconstructional skills (Block Design, Rey Copy) were not significantly 

predictive of IADL ratio scores. Executive functioning tasks (VSAT time and COWA) were 

significantly predictive of the IADL ratio after the covariates were taken into account, (p < 

.006), but only VSAT significantly contributed individually (β = .078, p = .024). Memory 

tasks (LM1, VR1) were significant (p < .001), with both LM1 (β = -.096, p = .024) and VR1 

(β = -.081, p = .007) contributing individually. Language tasks (BNT, Animal Naming) 

significantly predicted IADL ratio above and beyond the covariates, but only Animal 

Naming contributed individually (β = -.078, p = .028). Of the significant relationships, all 

indicated that worse performances on neuropsychological tests were modestly related to 

worse IADL ratio scores at baseline.  

Longitudinal. In order to examine the ability of baseline neuropsychological 

functioning to predict rate of change in IADL ratio over time, a series of five analyses in 

standard neuropsychological domains (executive functioning, memory, language, motor, and 

visuospatial/visuoconstructional skills) following the above procedures were performed 
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(Visuospatial/visuoconstructional skills necessitated a new base model due to a much smaller 

N). The results are presented in Table 10. There were no significant time*neuropsychological 

test interactions, though some tests were significantly associated with IADL ratio collapsed 

across time (VSAT, p = .004; Logical Memory 1, p = .002; Visual Reproduction 1, p = .001; 

Animal Naming, p = .002). 

Hypothesis 6: Neuropsychiatric Symptoms 

Baseline. In order to assess the relationship between neuropsychiatric symptoms and 

IADL ratio score at baseline, a multiple regression analysis was conducted with total 

neuropsychiatric symptoms at baseline as a predictor; education, sex, baseline age, and 

baseline MMSE as covariates; and baseline IADL as the dependent variable. The covariates 

were first inserted into the model before the predictor in order to examine its individual 

contribution above and beyond the covariates. The covariates were found to account for a 

significant amount of the IADL variability R2 = .40, F(4,553) = 90.22, p < .001, indicating 

that lower education, older age, female gender, and lower MMSE scores were related to 

higher scores (and thus worse performance) on IADL ratings. In the second step of the 

model, neuropsychiatric symptom total was found to account for a significant amount of the 

IADL variability above and beyond the covariates, R2 change = .032, F(1, 552) = 30.58, p < 

.001. These results suggest that Alzheimer’s patients with similar education, age, gender, and 

MMSE scores are likely to have worse IADL performance if they have a greater number of 

neuropsychiatric symptoms. 

Longitudinal. To test whether neuropsychiatric symptoms at baseline predict IADL 

ratio rate of change when including covariates, a new base model (Model 1) was created, as 

the participants with neuropsychiatric data are a smaller subset of the total sample (n = 558 as 
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opposed to N = 785). Refer to Table 11 for a summary of this model building process. The 

results of this new base model are very similar to the base model in Hypothesis 1 (see above 

for description).  

Covariates added were education, sex, and age at baseline and MMSE score at 

baseline (Model 2). Education was discarded during model building, and the covariate*time 

interactions retained for the final model (Model 4) were and Age*Time and Sex*Time. 

Neuropsychiatric symptoms at baseline were significantly associated with IADL ratio 

collapsed across time (β = -0.02, SE = 0.004, p < 0.001), and were a significant predictor of 

the linear change over time in IADL ratio (p = 0.041). The linear change over time was faster 

for individuals with more symptoms (β = 0.002, SE = 0.001, p = 0.041).  

Discussion 

Prior research has shown functional and cognitive decline in AD to be related, but 

distinct, domains (Buccione et al., 2007). While there is a large body of research examining 

the pattern of decline of cognitive abilities in AD (see Weintraub, Wicklund, & Salmon, 

2012 for a review), functional decline is under-researched. Specifically, there would be great 

utility if data collected at the time of diagnosis could be used to predict future functional 

decline. The primary goal of the present study was to apply the pre-progression methodology 

(e.g., Doody, Massman, & Dunn, 2001) to IADLs, with the intention of validating it as a 

useful tool for predicting the future rate of decline in IADLs in AD patients (first and second 

hypotheses). The secondary goal was to more broadly examine the relationships between 

information commonly available at baseline and baseline IADLs, as well as this 

information’s ability to predict future IADL decline (third through sixth hypotheses). 
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 The first hypothesis was an attempt to validate the basic concept that IADL pre-

progression can predict future rate of IADL decline, with higher pre-progression rates (and 

thus quicker decline prior to first visit) predictive of faster decline over time. This hypothesis 

was only partially supported. The IADL pre-progression estimate was significantly related to 

the linear change over time of the IADL ratio. However, lower pre-progression rates were 

predictive of faster decline over time, which is opposite of what was predicted. This could 

potentially be explained by imagining a ceiling effect on IADL ratio, with patients exhibiting 

higher pre-progression rates by necessity having less mathematical room in their IADL ratio 

score to lose in the future, thus causing annual change over time to be slower as they 

approach maximum impairment. An investigation of the possibility of ceiling effects was 

undertaken by examining the correlation between baseline IADL ratio and IADL pre-

progression, r(783) = .35, p < .001, which was expected to be significant (due to baseline 

IADL ratio being a component of the IADL pre-progression equation) but was not large 

enough to warrant direct concerns about ceiling effects.  

Also regarding the outcome of the first hypothesis’ analyses, it should be noted that 

the amount of residual variance explained by the pre-progression estimate was small (3.9%). 

(A replication predicting rate of decline at two years after baseline yielded a larger effect size 

of 9.5%, but this difference disappeared when taking covariates into account.) This can 

partially be explained by the strength of the linear effect of time; there was not a great deal of 

variance in the curve of IADL change over time to be accounted for by differences between 

participants (ICC = 0.39). But it should be noted that in some situations, this commonly used 

measure of effect size, pseudo-R1
2 (Singer & Willett, 2003), can be an underestimate: An 

important part of the equation is the residual variance estimate from the unconditional model, 
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but this value can be an underestimate  (while also ascribing too much variance to the level-

two variance component, time). With an underestimated initial residual, the residuals from 

the new models have less numeric room to indicate a difference in effect (Hox, 2002). This 

issue will become even more salient in interpreting the results of later hypotheses. In 

contrast, adding IADL pre-progression to the model also resulted in a greatly improved 

model fit. So while the IADL pre-progression effect size may be small, it appears to be 

robust. 

 The second hypothesis added baseline covariates to the above model, and stated that 

the effect would maintain even after taking these covariates into account. This hypothesis 

was also only partially supported. Even after taking demographics (age, education, sex) and 

baseline dementia severity into account, IADL pre-progression was significantly predictive 

of IADL ratio’s linear change over time. As with the first hypothesis, however, lower pre-

progression rates were predictive of faster decline over time, which was in the opposite 

direction than predicted. The small effect size was very slightly diminished from Hypothesis 

1, but model fit was greater, indicating that the covariates in the final model were useful 

additions towards the goal of maximizing prediction of IADL decline. A replication of this 

model with restricted time points yielded very similar results, indicating that IADL pre-

progression’s ability to predict IADL ratio score did not vary between two and six years after 

baseline when taking covariates into account. In the third hypothesis, age at baseline, 

in the presence of the other above-mentioned covariates, was predicted to be significantly 

correlated with baseline IADLs, with older age related to worse IADL performance. Younger 

age at baseline was also predicted to be related to faster future rate of IADL decline when 

covariates were taken into account. The first part of the hypothesis was supported: older age 
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was significantly related to worse IADL performance at the baseline visit. The increase in 

predictive power beyond the influence of the covariates was small, however. The second part 

of the hypothesis was also supported, with a caveat: The significant relationship between 

baseline age and future IADL decline, with younger age related to faster decline, had a 

mathematically undetectable effect size. However, the significant findings and the improved 

model fit with Age’s inclusion suggest that the pseudo-R2 measure of effect size in this 

situation is potentially problematic, as mentioned by Hox’s work (2002) above. 

 The fourth hypothesis predicted that greater dementia severity (measured by MMSE) 

at baseline (after accounting for covariates) would be related to worse baseline IADL 

performance, and would be predictive of faster IADL decline over time. The former was 

supported, with a significant positive relationship between MMSE performance and baseline 

IADL performance. Further, MMSE accounted for twice as much variance as the other 

covariates combined, even with said covariates being entered into the model first. The second 

part of this hypothesis was not supported: MMSE at baseline was not significantly related to 

the linear change over time in IADLs. This supports the contention that the functional and 

cognitive abilities of AD patients are at least somewhat distinct entities; while MMSE and 

IADLs have a robust baseline relationship, MMSE at baseline is not a useful tool for 

predicting IADL’s change over time.  

 The fifth hypothesis was related to baseline neuropsychological function. It predicted 

that above and beyond the influence of covariates, baseline deficits in measures of executive 

functioning, visuospatial/visuoconstructional skills, and motor ability would each be related 

to worse baseline IADL performance, and predictive of faster IADL decline. It also predicted 

that neither memory nor language measures would be related to the baseline performance or 
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the future change in IADLs. Overall, this hypothesis was only modestly supported. The 

hypothesized baseline relationships between motor skills with IADLs were not significant. 

Worse performance on executive functioning and visuospatial/visuoconstructional measures 

were each significantly related to worse IADLs at baseline, but to a very small degree after 

taking covariates into account. In contrast, while both memory and language were 

hypothesized to not have a baseline relationship with IADLs, both domains had significant, 

albeit small, relationships, with worse performance related to worse IADLs. There was no 

support regarding the ability of the neuropsychological domains to predict future IADL 

decline. No measure was significantly related to the linear change in IADL ratio over time. 

This is a somewhat surprising result given the extant literature. Executive functioning has 

most consistently been shown to have a relationship with IADLs both at baseline (e.g., 

Marshall et al., 2011, Razani et al., 2007) and in predicting future functional decline (Cahn-

Weiner et al., 2007). While the baseline relationship was supported by the present study, the 

longitudinal relationship was not. One possible explanation is that while the two executive 

functioning measures used (COWA and VSAT) do make demands on working 

memory/executive functioning, they are both speeded tasks with strong verbal requirements. 

Other skills under the executive functioning umbrella (e.g., problem solving, response 

monitoring, and inhibition) are tapped either indirectly or not at all by these measures. Thus, 

the relationship between these skills on longitudinal change in functional abilities is not well-

answered by the present study. Another possibility is that using domain specific breakdowns 

(e.g., executive function, memory, visuospatial, etc.) of cognitive abilities to predict future 

decline is an under-utilized technique, and the current results are a worthwhile contribution to 
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the literature. The literature is decidedly mixed in other domains, so the lack of longitudinal 

findings in the present study is a plausible outcome.  

 The sixth and final hypothesis predicted a baseline relationship between 

neuropsychiatric and Parkinsonism symptoms and IADLs, with higher symptom count 

related to worse IADL performance at baseline and faster future IADL decline. The baseline 

relationship was supported. After taking covariates into account, higher symptom count was 

significantly related to IADL performance to a small degree. There was also support for the 

longitudinal portion of the hypothesis, with a significant relationship between higher baseline 

neuropsychiatric and Parkinsonism symptom count and faster IADL decline. However, while 

the final model resulted in a better model fit than the unconditional base model or the model 

with covariates, the residual variance of this final model was surprisingly greater than the 

unconditional model. This is an extreme example of the above mentioned limitation of the 

widely-used pseudo-R2 method for measuring effect size in growth curve models. That 

having been said, it is unlikely that a correction for this would result in a meaningful effect 

size, so as with the third hypothesis, while this longitudinal relationship is significant in this 

sample, it is unlikely to be meaningful. 

Limitations 

One limitation of this study is that the basis of every analysis was prediction of IADL 

ratio, which was based on an informant report measure. Such a measure can introduce biases 

of the person completing it, and be less objective than a direct assessment of functional 

ability. 

While LMM analyses can easily account for participants with varying numbers of 

longitudinal time points, 28% of the participants in this sample had only two time points. 
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This could lead to a reduction in granularity of the shape of the change in IADL ratio over 

time, and in turn lead to a reduction in the ability of baseline measures (including IADL pre-

progression) to accurately predict it. Conversely, it is possible that some effects which were 

significant, but with very small effect sizes, were only found to be significant due to the large 

sample size. 

Specifically regarding neuropsychological measures, there were many more measures 

in the dataset than were included in the present study. These were excluded for various 

reasons, including inconsistent measurement over the long timespan of this longitudinal 

dataset, changes in the version of a test given over this long duration, or inclusion (and in 

some cases later removal) of measures at different times as the study aged. This inconsistent 

presence of neuropsychological tests over time lead to a rapidly dwindling sample size when 

attempting to create a sample with many measures in common. In many cases, this resulted 

in measures being excluded from the study. Therefore, it is possible that the tests used in the 

present study are not good exemplars of their respective neuropsychological domains 

(executive functioning in particular, as noted above) in this IADL context. A blanket 

conclusion that a given domain is not predictive of IADL decline may be premature.  

Finally, a possible limitation is that the sample in this study may not accurately 

represent the population of AD patients as a whole. It was homogenously Caucasian, and on 

average highly educated. 

Implications 

 These results indicate that the IADL pre-progression estimate is not a valid tool for 

predicting the future decline in the IADLs of AD patients over time. While the significant 

relationship is a promising outcome, the direction of the effect (with slower pre-progression 
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predicting faster future decline) was in the opposite direction of what was expected by a 

theory-driven hypothesis. Additionally, the (possibly problematic) measure of effect size is 

small. Therefore, though IADL pre-progress does predict future IADL change, the model 

needs to be reconceptualized and refined before it can be recommended for use as an aspect 

of planning for an individual patient’s future.  

Fittingly, future studies will attempt to enhance and refine the current model of pre-

progression estimates on IADL decline. For example, MMSE at baseline was the most 

impactful of the significant covariates, especially in the baseline portions of the present 

study. Therefore, MMSE pre-progression may be a fruitful addition to the model in order to 

control for dementia severity not only as a measure at baseline, but as an estimate of the 

future rate of change in dementia severity. Other possible predictors of future decline did not 

show promising results.  

While there were baseline relationships between performance on these measures 

(such as neuropsychological tests and neuropsychiatric/Parkinsonism symptoms) and IADLs, 

these relationships drastically deteriorated when attempting to predict future change in 

IADLs. This implies that the trajectories of IADLs and these measures in AD may diverge. 

Alternatively, without a pre-progression estimate of their rate of change, baseline measures 

of factors that are expected to change in AD (in comparison to static information, such as 

demographics) may inherently be poor estimates of future change in IADLs. One future 

direction for this would be to compare the structures of change in IADLs (and other 

functional abilities) and neuropsychological information at multiple time points to examine 

how, if at all, these rates of change diverge (e.g., following the methodology of Tucker-Drob, 

2011). 
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Table 1 
     Descriptive Statistics of Baseline Variables 

     N Mean SD Minimum Maximum 

IADL ratio 785 0.47 0.21 0.06 0.97 

IADL pre-progression 785 0.16 0.11 0.02 0.77 

MMSE 785 21.59 4.74 10 30 

Age 785 74.10 8.39 44 93 

Education 783 14.21 3.30 0 29 

Controlled Oral Word Association 751 23.85 11.90 0 65 

Verbal Series Attention Test-Time 

(Sec) 
783 139.60 72.90 0 280 

Logical Memory I 777 7.25 5.29 0 28 

Visual Reproduction I 769 14.90 8.08 0 37 

Boston Naming Test 774 39.61 13.80 4 60 

Animal Naming 777 8.86 4.46 0 27 

Finger Tapping (dominant hand) 757 38.59 12.20 0 69 

Block Design (WAIS-R)  237 12.70 8.10 0 32 

Rey Complex Figure Test - Copy  237 25.29 8.61 0 36 

Neuropsychiatric and Parkinsonism 

symptom total 
558 6.13 1.59 1 8 
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Table 2 

   Correlations Between IADL Pre-progression and Baseline Variables 

  N R P value 

IADL ratio 785  0.347 p < .001 

MMSE 785 -0.114 p = .001 

Age 785  0.084 p = .019 

Education 783 -0.100 p = .005 

Sex 785  0.129 p < .001 

Controlled Oral Word Association 751 -0.096 p = .009 

Verbal Series Attention Test 783  0.127 p < .001 

Logical Memory I 777 -0.064 p = .074 

Visual Reproduction I 769 -0.148 p < .001 

Boston Naming Test 774 -0.004 p = .955 

Animals 777 -0.117 p = .001 

Finger Tapping (dominant hand) 757 -0.153 p < .001 

Block Design (WAIS-R)  237 -0.052 p = .305 

Rey Complex Figure Test - Copy  237 -0.018 p = .784 

Neuropsychiatric and Parkinsonism symptom total 558 -0.085 p = .044 
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Table 3 
  Number of Participants at Each Visit and Average Time Since Baseline (Visit 1) 

Visit N M (SD) 

1 785 

 2 785 1.21 (0.50) 

3 562 2.35 (0.64) 

4 392 3.39 (0.72) 

5 249 4.37 (0.62) 

6 152 5.39 (0.62) 

7 88 6.52 (0.79) 
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Table 4 

   Fixed Effects Estimates (Top), Estimates of Covariance Parameters (Middle), and 

Information Criteria (Bottom) for Models Predicting IADL Ratio Decline with IADL Pre-

progression Estimates (Hypothesis 1) 

Parameter Model 1 Model 2 Model 3 

Intercept  0.48 (0.01)***  0.474 (0.008)***  0.38 (0.01)*** 

Time  0.08 (0.002)***  0.098 (0.004)***  0.12 (0.004)*** 

Time_sq 

 

-0.004 (0.001)*** -0.004 (0.001)*** 

IADL Pre-progression 

  

 0.60 (0.06)*** 

Time*IADL Pre-

progression 

  

-0.11 (0.02)*** 

Residual  0.009950 

(0.0004)*** 

 0.010022 

(0.004)*** 

 0.009983 

(.0004)*** 

Intercept+Time 
        Var: Intercept  0.04 (0.002)***  0.04 (0.002)***  0.03 (0.002)*** 

     Var: Time  0.001 (0.0001)***  0.001 (0.0001)***  0.001(0.0001)*** 

     CSH rho -0.31 (0.06)*** -0.36 (0.06)*** -0.26 (0.06)*** 

-2LL -2572.73 -2602.09 -2696.44 

AIC -2560.73 -2588.09 -2678.44 

BIC -2524.98 -2546.38 -2624.82 

Note. Standard errors are in parentheses. -2LL =-2*log likelihood; AIC = Akaike's 

information criterion; BIC = Schwarz's Bayesian criterion. 

*p < .05. **p < .01. ***p < .001.   
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Table 5 
    

Fixed Effects Estimates (Top), Estimates of Covariance Parameters (Middle), and 

Information Criteria (Bottom) for Models Predicting IADL Ratio Decline with IADL Pre-

progression Estimates and Covariates (Hypothesis 2) 

Parameter Model 1 Model 2 Model 3 Model 4 

Intercept  0.474 

(0.008)*** 

 1.00 (0.03)***  1.01 (0.03)  0.91 (0.03)*** 

Time  0.098 

(0.004)*** 

0.98 (0.004)***  0.09 (0.01)***  0.11 (0.005)*** 

Time_sq -0.004 

(0.001)*** 

-0.003 

(0.001)*** 

-0.004 

(0.001)*** 

-0.004 

(0.001)*** 

Age   0.004 

(0.001)*** 

 0.005 

(0.001)*** 

 0.01 (0.001)*** 

Education   0.002 (0.002)   

Sex  -0.05 (0.01)*** -0.06 (0.01)*** -0.05 (0.01)*** 

MMSE  -0.02 (0.001)*** -0.02 (0.001)*** -0.02 (0.001)*** 

Age*time   -0.001 

(0.0002)*** 

-0.001 

(0.0002)*** 

Sex*time    0.01 (0.004)*  0.01 (0.004) 

MMSE*time    0.0005 (0.0005)  

IADL Preprog     0.43 (0.05)*** 

Time*IADL Preprog     -0.10 (0.02)*** 

Residual  0.010022 

(0.004)*** 

 0.009992 

(0.0001)*** 

 0.010028 

(0.0004)*** 

 0.009987 

(0.0004)*** 

Intercept+Time     

     Var: 

      Intercept 

 0.04 

(0.002)*** 

 0.02 (0.001)***  0.02 (0.001)***  0.02 (0.001)*** 

     Var: Time  0.001 

(0.0001)*** 

 0.001 

(0.0002)*** 

 0.001 

(0.0.0001)*** 

 0.001 

(0.0001)*** 

     CSH rho -0.36 (0.06)*** -0.30 (0.06)*** -0.28 (0.06)*** -0.18 (0.07)** 

-2LL -2602.09 -3009.44 -3044.44 -3120.92 

AIC -2588.09 -2987.44 -3018.44 -3092.92 

BIC -2546.38 -2921.90 -2940.98 -3009.50 

Note. Standard errors are in parentheses. IADL Preprog = IADL pre-progression; -2LL =-

2*log likelihood; AIC = Akaike's information criterion; BIC = Schwarz's Bayesian criterion. 

*p < .05. **p < .01. ***p < .001.   
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Table 6 

   Comparison of Covariance Types 

   Covariance Type -2LL AIC BIC 

Unstructured -3120.92 -3092.92 -3009.50 

First-order autoregressive -2662.79 -2636.79 -2559.33 

Compound symmetry -2662.79 -2636.79 -2559.33 

Compound symmetry: heterogeneous -3120.92 -3092.92 -3009.50 
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Table 7 

    Fixed Effects Estimates (Top), Estimates of Covariance Parameters (Middle), and 

Information Criteria (Bottom) for Models Predicting IADL Ratio Decline with Age and 

Covariates (Hypothesis 3) 

Parameter Model 1 Model 2a Model 3 Model 4 

Intercept  0.474 

(0.008)*** 

 1.02 (0.03)***  1.04 (0.03)***  1.00 (0.03)*** 

Time  0.098 

(0.004)*** 

 0.10 

(0.004)*** 

 0.08 (0.01)***  0.10 (0..004)*** 

Time_sq -0.004 

(0.001)*** 

-0.003 

(0.001)*** 

-0.004 

(0.001)*** 

-0.004 

(0.0006)*** 

Education   0.002 (0.002)   

Sex  -0.06 (0.01)*** -0.07 (0.01)*** -0.06 (0.01)*** 

MMSE  -0.02 

(0.001)*** 

-0.03 

(0.001)*** 

-0.02 (0.001)*** 

Sex*time    0.01 (0.004)*  0.01 (0.004)* 

MMSE*time    0.001 (0.0001)  

Age     0.01 (0.001)*** 

Age*time       -0.001 

(0.0002)*** 

Residual  0.010022 

(0.004)*** 

 0.01 

(0.001)*** 

 0.010047  

(0.0003)*** 

 0.010022  

(0.0004)*** 

Intercept+Time    

     Var: 

       Intercept 

 0.04 (0.002)***   0.02 

(0.001)*** 

 0.02 (0.001)*** 

     Var:Time  0.001 

(0.0001)*** 

  0.001 

(0.0002)*** 

 0.001 

(0.0001)*** 

     CSH rho -0.36 (0.06)***   -0.34 (0.06)*** -0.28 (0.06)*** 

-2LL -2602.09 -2974.22 -2982.7 -3043.33 

AIC -2588.09 -2954.22 -2960.7 -3019.33 

BIC -2546.38 -2894.64 -2895.16 -2947.83 

Note. Standard errors are in parentheses. -2LL =-2*log likelihood; AIC = Akaike's 

information criterion; BIC = Schwarz's Bayesian criterion. 
aCompound Symmetry: Heterogeneous was not appropriate for this model. The Unstructured 

covariance type was used for just this model, and therefore direct comparisons with other 

models are not appropriate. 

*p < .05. **p < .01. ***p < .001.   
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Table 8 

    Fixed Effects Estimates (Top), Estimates of Covariance Parameters (Middle), and 

Information Criteria (Bottom) for Models Predicting IADL Ratio Decline with MMSE and 

Covariates (Hypothesis 4) 

Parameter Model 1 Model 2 Model 3 Model 4 

Intercept  0.474 

(0.008)*** 

 0.50 (0.01)***  0.5 (0.01)***  1.01 (0.03)*** 

Time  0.098 

(0.004)*** 

 0.10 (0.004)***  0.10 (0.004)***  0.09 (0.01)*** 

Time_sq -0.004 

(0.001)*** 

-0.003 

(0.001)*** 

-0.004 

(0.001)*** 

-0.003 

(0.001)*** 

Age   0.01 (0.001)***  0.01 (0.001)***  0.01 (0.001)*** 

Education  -0.004 (0.002)* -0.01 (0.002)**  0.00003 (0.002) 

Sex  -0.07 (0.1)*** -0.08 (0.02)*** -0.05 (0.01)*** 

Age*time   -0.001 

(0.0002)*** 

-0.001 

(0.0002)*** 

Education* 

     time 

   0.001 (0.001)*  0.001 (0.001)* 

Sex*time    0.01 (0.004)  

MMSE    -0.02 (0.001)*** 

MMSE*time        0.0004 (0.0004) 

Residual  0.010022 

(0.004)*** 

 0.009972 

(0.0004)*** 

 0.009996 

(0.0004)*** 

 0.010009 

(0.0004)*** 

Intercept+Time    

     Var:  

      Intercept 

 0.04 (0.002)***  0.03 (0.002)***  0.03 (0.002)***  0.02 (0.001)*** 

     Var: Time  0.001 

(0.0001)*** 

 0.001 

(0.0002)*** 

 0.001 

(0.0001)*** 

 0.001 

(0.0001)*** 

     CSH rho -0.36 (0.06)*** -0.26 (0.06)*** -0.25 (0.06)*** -0.29 (0.06)*** 

-2LL -2602.09 -2681.15 -2721.55 -3046.48 

AIC -2588.09 -2661.15 -2695.55 -3018.48 

BIC -2546.38 -2601.57 -2618.09 -2935.06 

Note. Standard errors are in parentheses. -2LL =-2*log likelihood; AIC = Akaike's 

information criterion; BIC = Schwarz's Bayesian criterion. 

*p < .05. **p < .01. ***p < .001.   
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Table 9 

Multiple Regression Model Comparisons (Hypothesis 5) 

Domain Model Variables β P value R2 R2 Δ  F Δ  Sig. F Δ  

Executive 

Functions 

1 Covariates   0.341 0.341   96.15 p < .001 

2 VSAT  0.078 p = .024 
0.350 0.009     5.19 p = .006 

COWA  -0.057 p = .103 

Motor 
1 Covariates   0.371 0.371 110.75 p < .001 

2 Finger Tap  -0.04 p = .222 0.372 0.001     1.50 p = .222 

Memory 

1 Covariates   0.369 0.369 111.19 p < .001 

2 LM1 -0.096 p = .024 
0.381 0.012    7.34 p = .001 

VR1 -0.081 p = .007 

Language 

1 Covariates   0.368 0.368 111.44 p < .001 

2 BNT -0.024 p = .525 
0.373 0.006     3.44 p = .032 

Animals -0.078 p = .028 

Visuospatial/ 

Visuocon-

structional 

1 Covariates   0.278 0.278   22.36 p < .001 

2 Blocks -0.112 p = .070 
0.305 0.027     4.51 p = .012 

Rey Copy -0.095 p = .153 

Note: BNT = Boston Naming Test; Blocks = Block Design. 
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Table 10 

    Summary of Final Models for Neuropsychological Tests Predicting IADL Ratio Decline 

Domain Parameter Estimate (β) Std. Error Sig. (p) 

Executive 

Functions 

VSAT  0.0003 0.00009 p = .004 

VSAT*time  0.00004 0.00003 p = .237 

COWA -0.001 0.0006 p = .210 

COWA*time  0.0001 0.0002 p = .634 

Memory 

Logical Memory I -0.004 0.001 p = .002 

Logical Memory I*time -0.0003 0.0004 p = .410 

Visual Reproduction I -0.003 0.0009 p = .001 

Visual Reproduction I*time -0.0004 0.0003 p = .163 

Language 

Boston Naming -0.0005 0.0006 p = .415 

Boston  Naming*time -0.0001 0.0002 p = .713 

Animals -0.01 0.002 p = .002 

Animals*time -0.001 0.0005 p = .258 

Motor 
Finger Tapping -0.001 0.0006 p = .087 

Finger Tapping*time -0.0001 0.0002 p = .640 

Visuo-spatial/ 

constructional 

Block Design -0.003 0.002 p = .036 

Block Design*time -0.001 0.0005 p = .284 

RCFT Copy -0.001 0.001 p = .495 

RCFT Copy*time -0.0001 0.0005 p = .807 

Note: VSAT  = Verbal Series Attention Test; COWA = Controlled Oral Word Association 

test; RCFT Copy = Rey Complex Figure Test, Copy task. 
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Table 11 

    Fixed Effects Estimates (Top), Estimates of Covariance Parameters (Middle), and 

Information Criteria (Bottom) for Models Predicting IADL Ratio Decline with 

Neuropsychiatric/Parkinsonism symptoms and Covariates (Hypothesis 6) 

Parameter Model 1 Model 2 Model 3 Model 4 

Intercept  0.45 (0.01)***  1.00 (0.03)***  0.98 (0.03)***  1.08 (0.04)*** 

Time  0.10 (0.004)***  0.10 (0.004)***  0.08 (0.01)***  0.07 (0.01)*** 

Time_sq -0.002 

(0.001)*** 

-0.002 (0.001)** -0.003 

(0.001)*** 

-0.003 

(0.001)*** 

Age   0.004 

(0.001)*** 

 0.001 

(0.001)*** 

 0.01 (0.001)*** 

Education   0.003 (0.002)   

Sex  -0.07 (0.01)*** -0.08 (0.01)*** -0.08 (0.01)*** 

MMSE  -0.02 (0.001)*** -0.02 (0.01)*** -0.02 (0.001)*** 

Age*time   -0.001 

(0.0003)*** 

-001 (0.0002)*** 

Sex*time    0.01 (0.004)*  0.01 (0.005)* 

MMSE*time    0.0003 (0.001)  

NeuropsyP    -0.02 (0.004)*** 

NeuropsyP*time    0.003 (0.001)* 

Residual  0.009461 

(0.0004)*** 

 0.009452 

(0.0004)*** 

 0.009473 

(0.0004)*** 

 0.009476 

(0.0004)*** 

Intercept+Time    

     Var: 

Intercept 

 0.04 (0.003)***  0.02 (0.002)***  0.02 (0.002)***  0.02 (0.002)*** 

     Var:  

       Time 

 0.001 

(0.0002)*** 

 0.001 

(0.0002)*** 

 0.001 

(0.0001)*** 

 0.001 

(0.0002)*** 

     CSH rho -0.29 (0.07)*** -0.21 (0.07)** -0.19 (0.08)* -0.16 (0.08)* 

-2LL -2028.71 -2314.38 -2342.42 -2371.11 

AIC -2014.71 -2292.38 -2316.42 -2343.11 

BIC -1975.07 -2230.1 -2242.81 -2263.84 

Note. Standard errors are in parentheses. NeuropsyP = Neuropsychiatric and Parkinsonism 

symptoms; -2LL =-2*log likelihood; AIC = Akaike's information criterion; BIC = Schwarz's 

Bayesian criterion. 

*p < .05. **p < .01. ***p <  001.   
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Figure 1. Jack et al.’s (2013) updated model of the order of abnormal biomarker occurrence 

in Alzheimer’s disease. 
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Appendix 1 

Instrumental Activities of Daily Living Scale (IADL) 

 

 

1. ABILITY TO USE TELEPHONE 
 

1 □  Operates telephone on own initiative, 

looks up and dials numbers, etc. 

2 □ Dials a few well-known numbers. 

3 □ Answers telephone, but does not dial. 

4 □ Does not use telephone at all under own 

initiative, but may talk if put on line. 

5 □ Incapable of using phone 

 

2. SHOPPING 
 

1 □ Takes care of all shopping needs 

independently. 

2 □ Shops independently for a limited number 

of purchases (3 or less). 

3 □ Needs to be accompanied on any 

shopping trip. 

4 □ Completely unable to shop. 

 

3. FOOD PREPARATION 
 

0 □ Not applicable: Never did prepare meals 

1 □ Plans, prepares, and serves adequate 

meals independently. 

2 □ Prepares adequate meals if supplied with 

ingredients, or given supervision or 

reminding. 

3 □ Heats & serves prepared meals, or 

prepares meals but does not maintain 

adequate diet. 

4 □ Needs to have meals prepared and served. 

 

4. HOUSEKEEPING 
 

0 □ Not applicable: Never did housekeeping. 

1 □ Maintains house alone or with occasional 

assistance. 

2 □ Performs light daily tasks such as dish-

washing & bed-making. 

3 □ Performs light daily tasks but cannot 

maintain acceptable level of cleanliness. 

4 □ Needs help with all home maintenance 

tasks. 

5 □ Is unable to participate in any 

housekeeping tasks. 

 

 

 

5. LAUNDRY 
 

0 □ Not Applicable: Never did laundry. 

1 □ Does personal laundry completely 

2 □ Launders small items, rinses socks, may 

fold some items, etc. 

3 □ All laundry must be done by others. 

 

6. MODE OF TRANSPORTATION 
 

1 □ Travels independently on public 

transportation or drives own car. 

2 □ Arranges own travel via taxi/bus, but does 

not drive own car. 

3 □ Travels on public transportation when 

accompanied by another. 

4 □ Travel limited to taxi or automobile with 

assistance of another. 

 

7. ABILITY TO HANDLE FINANCES 
 

0 □ Not Applicable: Never handled finances 

1 □ Manages financial matters independently 

(budgets, write checks, pays rent/bills, 

goes to bank, balances checkbook), 

collects and keep tracks of income.  

2 □ Manages day-to-day purchases, but needs 

help with banking, major purchases, etc.  

3 □ Incapable of handling money. 

 

8. RESPONSIBILITY FOR OWN 

MEDICATION 
 

0 □ Not applicable: Not taking any 

medications.  

1 □ Is responsible for taking medications in 

correct dosages at correct time.  

2 □ Takes responsibility if medication is 

prepared in advance in separate dosages, 

or if reminded. 

3 □ Is not capable of dispensing own 

medication. 
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