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BACKGROUND

Hierarchical Bayesian Cognitive Process (HBCP) models measure unobservable (latent) 
cognitive processes that underlie cognitive test performance. Such processes, in wordlist 
memory tasks, could represent encoding, storage, or retrieval of the list items.
Animal models have shown that Alzheimer’s disease (AD) pathology �rst a�ects episodic 
retrieval function. In high AD risk human subjects with normal cognitive function, fMRI and 
FDG PET have shown increased medial temporal lobe activity, which may represent 
increased encoding and/or storage to compensate for decreased retrieval capacity.
These changes, possibly driven by AD pathology, can be indirectly measured and quanti�ed 
using HBCP models.

Aims of the StudyOBJECTIVES

To test the hypothesis that, in contrast to traditional scoring approaches, HBCP models, 
applied to wordlist memory task data, can detect di�erences in underlying cognitive 
processes between cognitively normal subjects who would progress to amnestic MCI or 
Alzheimer’s dementia (Progressor) vs. those who would remain normal (Non-Progressor). 

Aims of the Study

MAYO ALZHEIMER’S DISEASE PATIENT REGISTRY

Subjects were diagnosed at baseline as either Normal (NL), Normal with a 
non-degenerative abnormality (NL+; e.g., B12 de�ciency), Amnestic MCI (AMCI), or 
Alzheimer’s dementia (AD). Subjects were annually assessed for up to 10 years.
These subjects were divided into 5 groups (Table 1) based on whether the diagnosis 
progressed to greater severity at any point during the study or remained unchanged over 
study. The AVLT 15-word memory task item responses from the baseline assessments of 
each diagnostic group were used as input data to the model. 
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Figure 1. HBCP HM Model of Latent Cognitive Processes Underlying AVLT Task Performance.  
Consisted of unlearned (U), intermediate (I), and learned (L) states connected by encoding/storage 
processes, plus retrieval processes from states I and L.

Aims of the Study

ANALYSIS

Using an HBCP model (Figure 1), the posterior predictive distributions of each diagnostic 
group’s cognitive processes were inferred.
We assessed the impact of each diagnostic group on each cognitive process by subtracting 
its parameter probabilities from those of the NL→NL group (Figure 2). We computed 
Savage-Dickey density ratios to determine the likelihood that a given cognitive process 
parameter from a given diagnostic group di�ered from that of the NL→NL group.

Aims of the StudyRESULTS

Only the NL+→NL+ and NL→AMCI groups showed (1) higher encoding/storage 
probabilities than those of the NL→NL group and (2) higher delayed item retrieval 
probabilities at 30-60 minutes if the item was correctly recalled after a 5-minute delay. 
Savage-Dickey density ratios showed that these di�erences compared to the NL→NL 
groups were highly signi�cant. AMCI→AMCI and AMCI→AD groups showed (1) lower 
probabilities on all parameters, whether related to encoding/storage or retrieval, than 
those of the NL→NL group and (2) no improvement in delayed item retrieval probabilities 
at 30-60 minutes, regardless of correct recall at 5-minutes delay.

DISCUSSION

HBCP models have shown clear di�erences between Progressor vs. Non-Progressor groups. 
Such di�erences could be explained by cortical functional changes due to accumulating AD 
pathology. 
The results indicate that, prior to amnestic MCI, neurophysiological mechanisms can still 
compensate for accumulating AD pathology by: (1) increasing encoding and storage to 
counteract the concomitant decrease in retrieval strength; and by (2) deriving greater 
learning bene�ts through successful retrieval (i.e., the testing e�ect). By the time amnestic 
MCI has developed, AD pathology may interfere with these neurophysiological 
mechanisms. 
The results warrant further validation using imaging studies. The ability to detect cognitive 
processing changes prior to observable cognitive changes in patients likely to progress 
suggests accumulating amyloid or tau in these subjects. If such accumulation is found in 
subjects who are predicted to progress, the validated models might replace or complement 
imaging for subject recruitment and for early AD patient diagnosis. 

Table 1: Five Analytical Groups

Group NL -> NL NL+ -> NL+ NL -> AMCI AMCI -> AMCI AMCI -> AD

Sample Size 365 110 32 51 44
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Figure 2. Deviation of Each Diagnostic Group's Cognitive Processes from NL -> NL Group

Interpretation of the Levels of Evidence Provided by the Savage-Dickey Density Ratio that the Given 
Cognitive Processing Parameter for the NL -> AMCI Group Di�ers from that of the NL -> NL Group.
*Anecdotal Level of Evidence (Not Signi�cantly Di�erent)
**Moderate Level of Evidence
***Strong Level of Evidence
****Very Strong Level of Evidence
*****Extreme Level of Evidence


