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Abstract

INTRODUCTION: Mild behavioural impairment (MBI), is characterized by later-life emergence 

of neuropsychiatric symptoms. Investigating its relationship with progression to Alzheimer’s 

disease (AD) would provide insight on its importance as a predictor of AD.

METHODS: Cognitively normal (CN) participants (N=11,372) from the National Alzheimer’s 

Coordinating Center was stratified by MBI status, using the Neuropsychiatric Inventory-

Questionnaire. We investigated whether MBI, and its domains were predictors of progression 

to clinically-diagnosed AD. MBI as a predictor of progression to neuropathology-confirmed AD 

was also investigated in those with neuropathological data.

RESULTS: Six percent (N=671) of participants progressed to AD. MBI (N=2765) was a 

significant predictor of progression to clinically-diagnosed (HR: 1.75[1.56–1.96], p<.001) and 

neuropathology-confirmed AD (HR: 1.59[1.07–2.37], p=.02). MBI domains were also associated 

with clinically-diagnosed AD (all, p<.05), with psychosis having the greatest effect (HR: 

6.49[4.51–9.34]).

DISCUSSION: These findings support the biological underpinnings of MBI, emphasizing the 

importance of later life behavioral changes in dementia detection and prognostication.
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1.0 BACKGROUND:

Neuropsychiatric symptoms (NPS) are common in individuals with mild cognitive 

impairment (MCI) (up to 85%)[1], and Alzheimer’s disease (AD) (up to 95%)[2]. Their 
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presence has been associated with faster rates of cognitive decline[3], higher rates 

of institutionalization[4], and greater risk of mortality[4], functional impairment[5] and 

caregiver distress. NPS may also occur prior to the onset of cognitive symptoms, where 

they have been associated with a greater risk of progression to MCI and dementia[6–8]. As 

such, identifying NPS in the prodromal stages of dementia may have benefits in defining 

those at risk for disease progression. However, targeted treatments depend on the underlying 

neuropathology of these symptoms.

Mild behavioral impairment (MBI) is a validated syndrome describing late-life onset of 

persistent NPS in advance of dementia, and identifies an at-risk state[9]. The MBI diagnostic 

framework consists of five domains of NPS: 1) decreased drive/motivation (apathy), 2) 

emotional dysregulation (mood and anxiety symptoms), 3) impulse dyscontrol (agitation, 

aggression, abnormal reinforcement and reward), 4) social inappropriateness (impaired 

social cognition), and 5) abnormal perception or thought content (psychotic symptoms, 

i.e., hallucinations and delusions). MBI has been linked to AD-related genetic markers[10], 

blood-based biomarkers of axonal loss[11], changes in structural neuroimaging[12, 13], 

and elevated amyloid-beta [14, 15] and tau[16] deposition. The presence of MBI has also 

been linked to a higher risk of progression to MCI or AD from normal cognition (CN), 

subjective cognitive decline (SCD), and MCI[17, 18]. Confirming the risk of incident 

neuropathological AD in CN individuals with MBI, would further establish the importance 

of late-life behavioral symptoms for dementia prognostication, and identify potential targets 

for risk mitigation.

Using the National Alzheimer’s Coordinating Center (NACC) dataset, we investigated the 

effect of the presence of MBI on progression from CN to AD. We then conducted a 

sub-analysis in the group of individuals with post-mortem data to determine whether the 

effect of MBI on AD progression is isolated to those who have AD-specific neuropathology. 

We hypothesized that the presence of MBI was a significant predictor of progression to 

clinical, and neuropathology-confirmed AD.

2.0 METHODS:

2.1 Study Sample:

Data were collected from the NACC Uniform Data Set (UDS)[19] and Neuropathology 

Data Set (NDS)[20], which includes clinical and neuropathological assessments from 

participants across past and present Alzheimer’s Disease Research Centers (ADRCs) in 

the United States. Data included in this study were collected from UDS visits completed 

between August 2005 and December 2020, including those who had autopsy completed 

December 2020 or earlier. Participants underwent physical and standardized clinical 

and neuropsychological assessments approximately annually. At each annual assessment, 

information on demographics, neuropsychological testing, and clinical diagnosis was 

obtained.

For the main analysis, we included participants who were diagnosed as CN at baseline, 

with a completed Neuropsychiatric Inventory-Questionnaire (NPI-Q), and followed until 

development of clinically diagnosed AD, or death. Individuals who were receiving an anti-
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dementia medication were excluded. Individuals were also excluded if they had a diagnosis 

of bipolar disorder, obsessive compulsive disorder (OCD), or schizophrenia (UDS form A5). 

For the sub-analysis, we included a subgroup of participants who had autopsy completed 

within one year of their final UDS visit.

2.2 Classification of cognitive status:

Cognitive status was determined by a consensus team or physician using the results of 

a structured clinical history, neuropsychology testing, and assessments of symptoms of 

function. CN participants did not have a diagnosis of cognitive impairment. Participants with 

AD were diagnosed according to National Institute of Neurological and Communicative 

Disorders and Stroke/Alzheimer Disease and Related Disorders Association criteria before 

2015[21], and the National Institute on Aging/Alzheimer’s Association (NIA-AA) criteria 

after 2015[22]. In addition, participants were diagnosed with AD if the presumptive 

etiologic diagnosis of their dementia was due to AD. Specifically, AD was the primary 

or contributing cause of dementia.

2.3 Neuropsychiatric assessment and MBI classification:

Neuropsychiatric Inventory-Questionnaire (NPI-Q) was an optional assessment conducted 

at baseline (UDS form B5). MBI status and presence of MBI domains were assessed in 

accordance with the Alzheimer’s Association International Society to Advance Alzheimer’s 

Research and Treatment (ISTAART-AA) research diagnostic criteria for MBI [23] using 

the NPI-Q[24]. The NPI-Q is an informant-reported scale for NPS in dementia. The 12 

behaviours assessed by the NPI-Q were clustered into the following MBI domains based 

on the presence of an NPI-Q subitem: 1) decreased drive/motivation (apathy), 2) emotional 

dysregulation (depression, anxiety, elation), 3) impulse dyscontrol (agitation/aggression, 

irritability, aberrant motor behaviour), 4) social inappropriateness (disinhibition), and 5) 

psychosis (delusions, hallucinations). The neurovegetative symptoms of appetite and sleep 

disturbances were not included as they are not thought to not discretely map onto ISTAART-

AA MBI criteria [23]. Participants were classified as MBI-positive (+) if they had one or 

more MBI domains present. MBI-negative (−) participants had no MBI domains present.

2.4 Medication and Medical Illness History:

For this study, we included medication and medical illness history from baseline visits only. 

The use of antidepressants, antipsychotics, anxiolytics, and AD medications (cholinesterase 

inhibitors and memantine) were collected (UDS form A4). A structured health history form 

was used to collect presence or history of medical conditions associated with NPS and 

AD (UDS form A5). These conditions included presence or history of stroke, transient 

ischemic attack (TIA), heart attack, atrial fibrillation, diabetes, hypercholesterolemia, and 

hypertension. We also included years of smoking, history of alcohol abuse, and presence of 

apolipoprotein E4 (APOE E4) allele from the structured health history form.

2.5 Neuropathological assessment:

Neuropathological investigations were conducted by each ADRC according to their own 

protocols. While those protocols may differ between ADRCs, they conform to consensus 
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guidelines. Autopsy dates were not recorded, however each ADRC completes autopsy as 

soon as possible following death.

This sample was restricted to those who had computed NIA-AA ADNC scores (version 10 

of the neuropathology form). The NIA-AA ADNC (ABC score), a global measurement of 

AD neuropathology, was evaluated using amyloid beta (Aß)/amyloid plaques by Thal phases 

(A score), neurofibrillary tangle (NFT) stage by Braak (B score), and neuritic plaque score 

by CERAD (C score)[25]. The A, B, and C scores each range from 0–3. Specifically, for 

A scores: A0 = no Aß or amyloid plaques, A1 = Thal phases 1/2, A2 = Thal phase 3, A3 

= Thal phases 4/5. For B scores: B0 = no NFTs, B1: Braak stages I/II, B2 = Braak stages 

III/IV, B3 = Braak stages V/VI. For C scores: C0 = no neuritic plaques, C1 = CERAD score 

sparse, C2 = CERAD score moderate, C3: CERAD score frequent. A combination of the A, 

B, and C scores determines ADNC status as none, low, intermediate or high. None ADNC 

was defined as no Aß plaques, no neuritic plaques, and any Braak stage. Low ADNC was 

defined as 1) Thal stages 1 or 2, no/sparse neuritic plaques and any Braak stage; or 2) Thal 

stages 1 to 5, any neuritic plaque density and Braak stages 0-II. Intermediate ADNC was 

defined as moderate or frequent CERAD plaques and Braak stages III/IV. High ADNC was 

defined as moderate or frequent plaques and Braak stages V/VI. For the purposes of this 

study, participants were dichotomized into two groups: none/low ADNC, and intermediate/

high ADNC[25].

Based on the NIA-AA guidelines for neuropathological assessment of AD, individuals with 

a clinical diagnosis of AD prior to death, with intermediate/high ADNC were considered 

to have dementia due to AD. However, individuals with a clinical diagnosis of AD prior to 

death with none/low ADNC were considered to have dementia due to other pathologies.

2.6 Statistical Analyses:

Baseline demographics, medication history, and assessments were compared between MBI+ 

and MBI− CN elderly. For the main analysis and sub-analysis, bivariate survival analyses 

were conducted with demographics, medical conditions, health behaviours, medication 

use, and APOE E4 allele presence to identify predictors associated with a greater risk of 

progression to AD. Significant predictors from bivariate analyses were then assessed for 

multicollinearity, and those with a variance inflation factor <2.5 were included as covariates 

in subsequent analyses. All analyses were completed with SPSS version 26.

2.6.1 Main analysis: A multivariable Cox regression was conducted to determine 

whether presence of MBI predicted progression from CN to clinically-diagnosed AD. In 

the subgroup of MBI+ individuals, separate multivariable cox regressions were conducted 

as post-hoc analyses to determine each MBI domain predicted progression from CN to 

clinically-diagnosed AD.

2.6.2 Sub-analysis: In the subgroup of individuals with ADNC data, a multivariable 

cox regression was completed to determine whether MBI status predicted progression 

to neuropathology-confirmed AD (clinical AD with intermediate/high ADNC), and 

progression to clinical AD with none/low ADNC.
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3.0 RESULTS:

3.1 Main analysis:

This analysis included 11, 372 CN participants (mean age: 70.5±10.4, MMSE: 28.9±1.4, 

male: 35% (N=3920), of which 6% (N=671) progressed to AD). Of the 24% (N=2765) who 

were MBI+ at baseline, 69% (N=1923) had emotional dysregulation, 52% (N=1429) had 

impulse dyscontrol, 15% (N=425) had decreased drive/motivation, 8% (N=233) had social 

inappropriateness, and 3% (N=82) had psychosis. Baseline characteristics based on MBI 

status are included in Table 1.

3.1.1 Selection of covariates: Bivariate survival analyses were conducted to determine 

which characteristics were associated with greater risk of progression to AD (Table 

2). Age, MMSE, anxiolytic use, antidepressant use, anti-dementia medication use, 

diabetes, hypercholesterolemia, stroke, and APOE E4 allele presence remained significantly 

associated with progression to AD. As these variables were not collinear with one another 

they were all entered into subsequent analyses.

The presence of MBI in CN elderly was a significant predictor of progression to clinically-

diagnosed AD after adjusting for significant covariates (Table 3) (Figure 1).

3.1.2 Post-hoc analyses: In those who were MBI+ (N=2765), separate multivariable 

Cox regressions for each MBI domain indicated that after adjusting for significant 

covariates, the presence of psychosis was significant predictor of progression to AD, 

followed by social inappropriateness, impulse dyscontrol, decreased motivation, and 

emotional dysregulation (Figure 2) (Table A.1).

3.2 Sub-analysis:

In the subgroup of individuals with post-mortem data (N=300), 60 (20%) progressed to 

neuropathology-confirmed AD. Of the 25% (N=74) of participants who were MBI+, 18% 

(N=55) had emotional dysregulation, 12% (N=35) had impulse dyscontrol, 4% (N=11) had 

decreased drive/motivation, 2% (N=5) had social inappropriateness, and 1% (N=3) had 

psychosis.

After adjusting for significant covariates selected from bivariate survival analyses (Table 

A.2), MBI+ status was a significant predictor of progression to neuropathology-confirmed 

AD (Table 4). However, after adjusting for significant covariates from bivariate survival 

analyses (Table A.3), MBI+ status did not predict progression to AD with none/low ADNC 

(Table 5).

4.0 DISCUSSION:

In this sample of CN elderly individuals, we report that the presence of MBI was 

a significant predictor of progression to a clinical diagnosis of AD, and that this 

association is specific to those who had intermediate/high ADNC. Post-hoc analyses 

determined that the psychosis had the greatest effect on progression to AD, followed by 
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social inappropriateness, impulse dyscontrol, decreased drive/motivation, and emotional 

dysregulation.

Several studies in community-dwelling elderly and individuals with MCI have supported 

the presence of NPS such as apathy[26], depression[27], agitation/aggression[28], and 

psychosis[29] being associated with a greater risk of progression to AD. Of relevance, 

the presence of NPS have also been associated with a decline in activities of daily living, 

greater caregiver burden, and frailty which in turn have been associated with faster disease 

progression[30, 31]. Our finding within those who had MBI, that psychosis was associated 

with the greatest risk of progression to AD is supported by longitudinal cohort studies. 

For example, psychosis, when compared to other NPS, has been associated with a greater 

impact on functional impairment, cognitive impairment, rates of institutionalization and 

caregiver burden[32]. Furthermore, in a memory clinic population with all-cause dementia, 

emergent psychotic and affective symptoms were associated with rapid disease progression, 

in contrast to pre-existing psychiatric symptoms which were associated with slower disease 

progression[33].

However, it is also important to consider the prevalence of each MBI domain when 

interpreting the clinical importance of these results. Specifically, we reported that emotional 

dysregulation was the most prevalent MBI domain in CN elderly, followed by impulse 

dysregulation, decreased drive/motivation, social inappropriateness, and psychosis, and each 

of these domains were significant predictors of progression to AD. Therefore, while the 

presence of psychosis was a significant predictor of progression to AD, the absolute 

number of CN elderly with other MBI domains who progressed to AD was greater. 

Nonetheless, the emergence of psychotic symptoms in older adults is a cause for concern, 

warranting investigation, with consideration of neurodegenerative disease on the differential 

diagnosis, even though cognition may be normal. The presence of NPS in CN elderly and 

individuals with MCI have also been associated with a decline in global cognition, executive 

dysfunction, attentional deficits and working memory[34]. With respect to MBI, in a large 

cohort of 9,931 CN elderly individuals, MBI+ status was associated with faster rates of 

decline in attention and working memory[35]. These findings are consistent that NPS in late 

life are associated with an increased likelihood of incident cognitive decline and dementia.

Our findings that MBI+ status is a significant predictor of progression to neuropathology-

confirmed AD can be supported by previous studies investigating the association 

between AD neuropathology and the presence of individual NPS such as apathy[36] and 

agitation[37]. With regards to ante-mortem studies with AD-specific markers, significant 

associations have been reported between MBI+ status and global and striatal amyloid-

beta positron emission tomography (PET) signal[15] and entorhinal and hippocampal 

tau-PET uptake[16], supporting MBI+ as an AD-specific risk factor. Since ADNC has 

specific correlates with AD-specific markers of the NIA-AA ATN (Amyloid, Tau, and 

Neurodegeneration) criteria[38], our findings suggest that CN elderly with MBI are at 

higher risk of developing cognitive impairment due to AD. Collectively, these findings 

also suggest that MBI could be considered a core feature of AD, consistent with the 

revised NIA-AA 2011 criteria for AD. Those criteria were updated to include “changes in 

personality, behavior, or comportment” as a core item[22], which emphasizes the clinical 
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importance of identifying NPS in the preclinical or prodromal stages of dementia to delay 

disease onset and progression. More recently the NIA-AA research framework and clinical 

staging for AD has included MBI[38]. Specifically, Stage 2 (preclinical disease) specifies 

that while cognition is the core feature, mild neurobehavioral changes may coexist, and 

in some individuals, the primary complaint may be neurobehavioral rather than cognitive. 

Importantly, the NIA-AA framework stipulates that neurobehavioral symptoms should have 

a clearly defined recent onset which persist and cannot be explained by life events, reflective 

of the fundamental features of the ISTAART-AA MBI criteria, i.e., symptom emergence 

in later life and symptom persistence[9]. The results of this study also have positive 

implications for research studies and clinical trials targeting preclinical or prodromal AD. 

We determined that compared to individuals without MBI, individuals with MBI have a 

greater risk of developing dementia due to AD-specific pathology. These results provide 

support for exploration of MBI as a treatment target. In this cognitively normal population, 

treatments might include not only traditional psychiatric medications, but also AD-specific 

agents.

It is important to consider that the presence of MBI may indicate the presence 

of other underlying biological mechanisms, specifically non-specific AD markers of 

neurodegeneration (category “N” of ATN criteria) and other non-AD tauopathies. Post-
mortem studies have reported associations between the presence of NPS and AD-related 

neuropathologies such as limbic-predominant age-related TDP-43 encephalopathy (LATE)

[39], and cerebrovascular disease (CVD) [40], Lewy body disease (LBD) neuropathology 

[41], and behavioral-variant frontotemporal dementia (bv-FTD) neuropathology[42]. 

The presence of NPS have also been associated with blood-based biomarkers of 

neuroinflammation and oxidative stress[43], region-specific brain atrophy[44], and changes 

in brain-hypometabolism as assessed by 18F-Fluorodeoxyglucose PET[45]. One study 

reported an association between a polygenic risk score and the presence of MBI affective 

dysregulation in patients with cognitive impairment[10]. Plasma neurofilament light, a 

marker of axonal damage, has been associated with MBI+ status in non-demented 

individuals[11]. More recently, the presence of MBI in MCI and SCD was associated with 

atrophy of the entorhinal cortex and hippocampus[13]. Therefore, MBI+ status is associated 

with other markers of neurodegeneration.

As the participants included in this study were elderly, and had multiple comorbidities, other 

risk factors may also be contributing to the progression of AD. For example, cardiovascular 

risk factors (CVRFs), such as diabetes, hypertension, and stroke, have been shown to 

accelerate cognitive decline[46], and exacerbate the presence of NPS such as depression[47], 

apathy[48] and anxiety[49]. However, as the NACC dataset provides a comprehensive list 

of CVRFs, when applicable, we were able to adjust for CVRFs in our analyses and MBI 

remained a significant predictor of progression to AD. Nevertheless, given the association 

between CVRFs and greater risk of NPS and AD progression in the literature, the role of 

vascular pathology should continue to be explored in future studies.

Strengths of this study include a large sample size, that was of sufficient power to adjust 

for covariates. The NACC dataset is a well characterized dataset with diagnoses determined 

by experienced clinicians, and included a thorough medical history. The inclusion of the 
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NPI-Q allowed us to investigate multiple NPS, and provided the opportunity to look at 

symptom clusters by grouping NPI-Q subitems into MBI domains. This is also the only 

study to date able to investigate the effect of MBI in CN elderly, on progression to AD in 

those who have post-mortem data. The availability of neuropathological data allowed for 

the investigation of the effect of MBI+ status on progression to AD in a pathologically 

verified sample. However, there are several limitations that must be taken into consideration 

when interpreting the results. Though the sample size of the main analysis was relatively 

large, the sample size for the sub-analysis with post-mortem data was considerably smaller. 

Post-mortem data may also be biased by outcomes associated with an increased probability 

of death (e.g., concomitant illness, age, and frailty) and the decision to undergo autopsy, 

and therefore should be interpreted with caution when being compared to real-world 

patient populations. While the sub-analysis had comparable rates of prevalence for the 

presence of MBI domains compared to the sample included in the main analysis, and other 

published studies[50], due to our smaller sample size and consequently reduced statistical 

power, we were unable to adequately analyze the effects of each MBI domain on AD 

progression in those with post-mortem data. Reduced statistical power has also been a 

limitation encountered by other population-based studies, which may be a factor in the 

mixed findings reported between NPS and AD-related outcomes [4, 7, 51]. With the ongoing 

donation and analysis of brain samples at ADRCs, the association between MBI domains 

on neuropathology-confirmed AD can be investigated in the future. Another limitation is 

that this study may not be representative of the general population as participants were 

recruited from urban specialist memory clinics, and were mainly white and highly educated. 

Furthermore, while we chose not to exclude individuals with depression or anxiety, as the 

duration and severity of those symptoms could not be discerned, our sample may have 

included individuals with longstanding depression or anxiety which is an exclusion criterion 

of MBI. Finally, as the MBI-Checklist (MBI-C) was not yet available for these participants, 

the NPI-Q was used to approximate MBI status and domains. The NPI-Q assesses symptoms 

over the previous month, whereas the MBI-C stipulates that symptoms are emergent in late-

life and persistent for at least 6 months, representing a change from baseline behavior[23, 

52]. Therefore, this method may not have optimal specificity, with some false positives for 

MBI+ status, resulting in an overestimation of the prevalence of MBI. The NPI-Q was also 

validated for use in a dementia patient population, and therefore may not accurately reflect 

the presence of NPS in preclinical and prodromal populations. The NPI-Q also does not 

capture the full breadth of MBI symptoms, and thus sensitivity may also not be optimal, 

with potential missed MBI cases. Studies comparing the NPI-Q and MBI-C are needed to 

further address the use of the NPI-Q to infer the presence of MBI and its domains. The 

MBI-C states that behaviors must be of sufficient severity to produce minimal impairment in 

daily life, while allowing the individual to maintain their independence of function in daily 

life. As there are no validated methods to measure the subtle functional impairments that 

accompany the behavioral changes in MBI, this could not be investigated. However, since 

our study population were CN at baseline, the likelihood of individuals having significant 

functional impairment is low.

Future studies should consider investigating the association between MBI and non-AD 

related neuropathologies such as TDP-43, CVD, LBD, and bv-FTD. This would provide 
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insight regarding the mixed etiology of cognitive impairment due to MBI [53]. Those 

studies would benefit from using the MBI-C to ensure accuracy. The MBI-C is a validated 

assessment that includes operationalized questions for each of the MBI domains, and 

would ensure accuracy when determining presence of MBI and its domains. In addition, 

incorporating updated diagnostic criteria for apathy[54], agitation[55], and psychosis[56, 57] 

in neurocognitive disorders, would supplement the MBI-C in identifying MBI domains, and 

ensure that patients with a particular NPS are appropriately identified and monitored during 

the course of an observational or clinical trial.

In summary, our findings suggest that the presence of MBI in CN elderly is a predictor of 

progression to AD. Neuropathological findings suggest that this association is particularly 

evident in those who have intermediate/high ADNC, contributing to the biological 

understanding of behavioural change in later life.
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RESEARCH IN CONTEXT:

1. Systematic Review: The authors reviewed literature on mild behavioral 

impairment (MBI) and neuropsychiatric symptoms in cognitively normal 

(CN) elderly and mild cognitive impairment (MCI), using traditional (e.g., 

PubMed) sources and meeting abstracts and presentations. The presence of 

MBI has been associated with an increased risk of progression to AD in 

CN and MCI. However, this link has not been confirmed in a neuropathology-

verified sample.

2. Interpretation: The presence of MBI in CN elderly was associated with 

clinically-diagnosed and neuropathology-confirmed AD. These findings 

emphasize the importance of identifying and potentially treating behavioral 

symptoms in late-life, and support the biological relationship between 

behavioral symptoms and progression of AD.

3. Future Directions: Additional studies investigating the underlying biology 

of MBI and its effect on AD progression are warranted to identify potential 

targets for therapeutic intervention. Studies using validated assessment tools, 

such as the MBI-Checklist, would ensure that MBI is more accurately 

detected.
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Figure 1: 
Survival curve to progression of AD based on presence or absence of MBI.
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Figure 2: 
Hazard ratios and 95% CIs for progression to AD for each MBI domain, after adjusting for 

covariates.

MBI-1: Decreased Drive/Motivation

HR=1.77, 95%CI: 1.47–2.14, Wald X2=35.22, p=.001(N=59 (14%) of MBI-1 progressed to 

AD)

MBI-2: Emotional Dysregulation

HR=1.35, 95% CI: 1.18–1.54, Wald X2: 18.45, p<.001 (N=144 (8%) of MBI-2 progressed 

to AD)

MBI-3 Impulse Dyscontrol

HR=2.01, 95% CI 1.75–2.32, Wald X2: 97.07, p<.001 (N=124 (9%) of MBI-3 progressed to 

AD)

MBI-4: Social Inappropriateness

HR=2.25, 95% CI: 1.67–3.03, Wald X2: 28.60, p<.001 (N=25 (11%) of MBI-4 progressed 

to AD)

MBI-5: Psychosis

HR=6.49, 95% CI: 4.51–9.34, Wald X2: 101.47, p<.001. (N=14 (17%) of MBI-5 progressed 

to AD)
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Table 1:

Baseline demographics and medical history.

MBI−
(N=8607)

MBI+
(N=2765)

Test statistic
(t-stat or X2 stat)

p-value

Demographics (mean (SD) or N(%))

Age 70.6 (10.4) 70.1 (10.3) 2.2 .03

MMSE 29.0 (1.4) 28.8 (1.5) 3.8 <.001

Education (yrs) 15.9 (2.9) 15.6 (3.1) 4.8 <.001

Sex (male) 2828 (33%) 1092 (40%) 40.8 <.001

Medications (use versus no use) N(%))

Anxiolytic 834 (10%) 434 (16%) 76.2 <.001

Antidepressant 1264 (15%) 818 (30%) 310.6 <.001

Antipsychotic 34 (.4%) 27 (1%) 13.3 <.001

Medical Conditions (presence versus absence) (N(%))

Diabetes 840 (10%) 333 (12%) 11.9 .001

Hypercholesterolemia 3801 (46%) 1353 (51%) 20.9 <.001

Hypertension 3736 (45%) 1297 (48%) 12.2 <.001

Heart attack 58 (.7%) 24 (1%) 1.2 .28

Atrial Fibrillation 333 (4%) 142 (5%) 8.3 .004

Stroke 38 (.4%) 18 (.7%) 1.9 .16

TIA 88 (1%) 28 (1%) 0 .99

Health Behaviours (mean (SD) or N(%))

Smoking (years) 8.7 (13.8) 10.1 (15.0) −4.5 <.001

Alcohol abuse (past or present) 29 (.3%) 20 (.8%) 7.8 .01

Other Risk Factors

APOE4 allele (presence versus absence) 2339 (31%) 767 (32%) 1.6 .20
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Table 2:

Hazard Ratios for progression to a clinical diagnosis of AD for each predictor variable in bivariate survival 

analyses.

Hazard Ratios (95% CI) Wald X2 p-value

Demographics

Age 1.12 (1.12–1.13) 834.84 <.001

MMSE .79 (.76–.82) 185.84 <.001

Education (yrs) 1.00 (.98–1.02) .001 .97

Sex (male) 1.00 (.87–1.14) .003 .95

Medications

Anxiolytic 1.23 (.99–1.53) 3.58 .06

Antidepressant 1.73 (1.48–2.02) 45.83 <.001

Antipsychotic 1.63 (.67–3.98) 1.15 .28

Medical Conditions

Diabetes 1.25 (1.00–1.55) 3.91 .05

Hypercholesterolemia .80 (.70–.90) 12.91 <.001

Hypertension 1.06 (.94–1.20) .78 .38

Heart attack 1.21 (.65–2.29) .36 .55

Atrial Fibrillation 1.14 (.86–1.51) .79 .37

Stroke 4.53 (2.58–7.93) 27.86 <.001

TIA 1.07 (.58–1.97) .05 .82

Health Behaviours

Smoking (years) 1.00 (.99–1.00) .07 .80

Alcohol abuse (present versus absence) 1.43 (.75–2.74) 1.15 .28

Other Risk Factors

APOE4 allele (presence versus not) 3.10 (2.74–3.49) 336.54 <.001
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Table 3:

Hazard Ratios for progression to clinically-diagnosed AD for each predictor variable in multivariable Cox 

regression.

Variable (reference group) Hazard Ratio (95% CI) Wald X2 Df, p-value

MBI+ status 1.75 (1.56–1.96) 93.74 1, <.001

Age 1.13 (1.12–1.14) 1109.93 1, <.001

MMSE .81 (.79–.84) 208.26 1, <.001

Antidepressant use 1.58 (1.38–1.82) 40.89 1, <.001

Diabetes (presence) 1.10 (.91–1.33) 1.04 1, .31

Hypercholesterolemia (presence) .84 (.75–.94) 9.89 1, .002

Stroke (history) 3.43 (2.11–5.57) 24.79 1, <.001

E4 allele (presence) 2.79 (2.50–3.11) 341.40 1, <.001
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Table 4:

Hazard Ratios for progression to neuropathology-confirmed AD for each predictor variable in multivariable 

Cox regression.

Hazard Ratio (95% CI) Wald X2 Df, p-value

MBI+ status 1.59 (1.07–2.37) 5.26 1, .02

Age 1.04 (1.01–1.07) 7.73 1, .01

MMSE .60 (.54–.68) 71.20 1, <.001

Antidepressant use 2.05 (1.26–3.32) 8.44 1, .004

Anxiolytic use 1.98 (1.26–3.11) 8.71 1, .003

Atrial fibrillation (presence) 1.08 (.56–2.09) .06 1, .81

E4 allele (presence) 6.29 (4.30–9.22) 89.27 1, <.001
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Table 5:

Hazard Ratios for progression to clinical AD with none/low ADNC for each predictor variable in multivariable 

Cox regression.

Hazard Ratio (95% CI) Wald X2 Df, p-value

MBI+ status 1.69 (.77–3.73) 1.70 1, .19

MMSE .76 (.61–.95) 5.80 1, .02

Education (years) 1.09 (.96–1.24) 1.69 1, .19

Smoking (years) .97 (.94–1.00) 4.62 1, .03

Hypertension (presence) 7.63 (2.62–22.28) 13.85 1, <.001

Hypercholesterolemia (presence) .33 (.15–.72) 7.62 1, .01

Atrial Fibrillation (presence) 3.01 (1.26–7.20) 6.17 1, .01
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