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OBJECTIVES

•Briefly review machine learning brain MRI 
applications in AD/MCI 

•Describe OSU AI lab experience in 
predicting MCI prognosis



ALZHEIMER DISEASE & 
MILD COGNITIVE IMPAIRMENT

• Alzheimer disease
• Majority of dementia cases
• Multifactorial causes
• Clinical criteria for possible/probable AD
• Neuropathology standard

• Mild cognitive impairment (MCI) 
• Up to 25% among elderly subjects
• Heterogeneous intermediate stage 
• Prodromal stage with increased risk for dementia
• Mixed prognosis (~10% to 15% progress to dementia each year)

Adapted from Sun et al., J Neurosci
Methods 111: 17-27 (2001)



ROLE OF STRUCTURAL BRAIN MRI

• Brain MRI in workup of dementia
• Qualitative assessment

• Atrophy
• Vascular insults

• Quantitative morphometric analysis
• Automated segmentation
• Comparison to normative databases
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Alzheimer Disease
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Vascular 
disease

Alzheimer disease

Normal aging

Other

• Brain imaging in 
dementia may show 
findings consistent 
with multiple 
coexisting processes

• Role for AI in 
identifying relevant 
patterns?

CHALLENGES TO 
INTERPRETATION OF BRAIN 
IMAGING



ARTIFICIAL 
INTELLIGENCE

• Machine Learning
• Predictions or decisions 

without explicit 
programming

• “learning through 
experience”

• Finding generalizable 
predictive patterns

• Deep Learning
• Hierarchical design
• Each layer progressively 

extracts higher-level 
features from an input

Machine Learning

Deep Learning
SVM
RF
LDA

CNN
RNN
GAN
RBM
DBM
DBN
AE

Convolutional neural networks
Recurrent neural network
Generative adversarial network
Restricted Boltzmann machine
Deep Boltzmann machine
Deep belief network
Autoencoder



PRIOR DEEP 
LEARNING 

STUDIES ON AD

Adapted from Jo et al., Front Aging Neurosci 11: 220 (2019)

All of these 
studies use ADNI



PRIOR DEEP LEARNING STUDIES ON AD

Adapted from Jo et al., Front Aging Neurosci 11: 220(2019)

Disease 
classification (AD vs 
normal) generally 
performs better 
when multiple 
modalities are used



INFORMATION FLOW IN MEDICINE

Diagnosis 1 

Imaging

Demographics

Clinical history

Laboratory data

Other data

Prognosis 1

Diagnosis 2 Prognosis 2

Diagnosis 3 Prognosis 3



Imaging

Demographics

Clinical history

Laboratory data

Other data

Machine 
learning 
model

Prognosis



CAN LONG-TERM COGNITIVE DECLINE 
RATES BE PREDICTED BY 

BASELINE MRI IMAGING?



AN OBJECTIVE PROGNOSTIC METRIC 
TO CAPTURE RATE OF MENTAL DECLINE  

• Extracted outcome 
metric from serial 
MMSE scores 

• Slope of regression line 
as a metric for rate of 
decline

• For inclusion:
• Minimum 4 data 

points
• Minimum 2 years 
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MCI:  slope = 0.004/mo.

AD:  slope = -0.10/mo.



RATES OF MMSE SCORE CHANGE BY 
FINAL DIAGNOSIS

• Threshold of MMSE rate 
change below -0.05/mo. 
(or -0.6/yr) to capture 
“fast decline”  



MENTAL STATUS DECLINE RATES 
AMONG BASELINE MCI PATIENTS

Final Diagnosis
Median Annual 

Rate of Change in 
MMSE

Slow or No Decline Fast Decline

CN 0.031 58 (98%) 1 (2%)

MCI −0.11 290 (82%) 62 (18%)

Dementia −1.3 60 (21%) 227 (79%)

MMSE decrease of ≥0.6/yr



Simple machine learning model to predict fast vs slow decline

tanh

Fast decline

Slow decline

CAN REGIONAL BRAIN VOLUMES AT BASELINE 
PREDICT COGNITIVE DECLINE?

(Regional volumes computed 
using FreeSurfer & normalized to 

total intracranial volume)



MODEL PERFORMANCE ON 
PATIENTS WITH MCI AT 

BASELINE
• 6 regional volumes on 

baseline MRI can predict 
fast vs slow cognitive 
decline

Accuracy:  71 ± 0.05% 
AUC: 0.75 ± 0.06



MODEL DETAILS

Adapted from Nguyen et al., Alzheimer Dis Assoc Disord 35: 1-7 (2021)

Fast decline

Slow decline



CAN WE IMPROVE PREDICTION WITH 
DEEP LEARNING?



Adapted from Candemir et al., J Med Imaging 7: 044501(2020)



MODEL PERFORMANCE: FAST VS SLOW DECLINE

MRI deep learning only

Scalar data only (brain volumes, 
baseline MMSE, and 
demographics)

AUC 0.67 AUC 0.67



Hybrid (MRI deep learning, scalar 
brain volumes, baseline MMSE, 
and demographics)

AUC 0.70

For comparison, the 
simpler model had 
AUC of 0.75

Fast decline

Slow decline



CONCLUSIONS

• Multiple deep learning models exist for AD/MCI disease 
classification and prognosis

• Models using structural MRI perform better when more data 
(CSF, PET, demographics) are included

• Good prediction of long-term mental status decline using a 
simple machine learning model (perceptron) applied to 
only baseline MRI volumetric data
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