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Mild Cognitive Impairment
• MCI is a stage preceding Alzheimer’s disease (AD) and related

dementias.1

• Meta-analysis: 33.6% of MCI patients progressed to AD2

• Prior autopsy studies show that the brain pathology in MCI is
intermediate in severity between cognitively normal controls and
patients with AD

• Important to identify MCI patients at risk of developing dementia:
• Target candidates for early treatment, including new, but expensive tx

(e.g. mAb lecanemab)
• Identify high-risk participants to recruit to improve clinical trial success

rates of new txs

(1) Acosta-Baena N. Lancet Neurol. 2011; 10:213 – 20; (2) Mitchell AJ, Acta Psychiatr Scand. 2009; 119:252 - 65 



Predicting  MCI to Dementia Conversion

• Current methods to predict dementia rely on biomarkers (e.g.
neuropsychologic tests, specialized imaging or CSF assays) that are not
widely obtained, costly or invasive.1

• The generalizability of current models is limited due to small samples
sizes.

• EHRs provide high-dimensional data collected during routine clinical
encounters care that could be used to predict dementia conversion.

(1) Tjandra D. Alzheimer’s Dement. 2022; 1 - 5



Synthetic Data
• Disadvantages of using EHR-based data include limited data access and

vulnerability to privacy breaches

• Synthetic data do not pertain to real patients but closely resemble real
data.

• Software (such as MDClone) could generate non-reversible, artificially
created synthetic data that resemble the statistical characteristics and
correlations of real data.

• The algorithm to create synthetic data is multivariate and generates all
variables together, using a covariance measure.1

• Synthetic data is generated by random sampling from statistical
distributions estimated from the original data. 1
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(1) Benaim RA, et al. JMIR Med Inform. 2020



Benefits of 
Synthetic Data
• Protection  of patient privacy

• Increased access for researchers that 
accelerates scientific discoveries 

• Increased scientific rigor through 
cross-validation of results

• Democratization of the statistical 
modelling process



Aims

• Primary: Develop a generalizable EHR-based model to predict MCI to
all-cause dementia (ACD) conversion within 5 years

• Secondary: To compare the performance of MCI to ACD prediction
models based on EHR real patient data versus synthetic data



Identifying MCI and ACD Patients

• ICD – 9/10 codes were used to identify MCI and ACD patients

• VA Centralized Interactive Phenomics Resource (CIPHER)
validated algorithms aided in classification1

• MCI  95% specificity; ACD  82% specificity 

• Both algorithms required a minimum of 2 visits with the Dx

(1) Logue MW, et al. Alzheimers Dementia. 2022



Identifying Comorbid Predictors of ACD Conversion

• All comorbid predictors were
selected a priori based on previous
literature testing these conditions as
potential risk factors

• ICD – 9/10 codes used
• Charlson Comorbidity Index1

• Elixhauser Comorbidity Index2

• VA CIPHER

(1) Charlson ME, et al. J Chronic Dis. 1987 (2) Elixhauser S, et al. Med Care. 1998
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Statistical Methods
• We randomly partitioned our full cohort into a

training set (70%) and test set (30%)

• Created three synthetic training sets using
MDClone

• Fit Cox proportional hazard models for each
training set

• Applied each training set to our held-out test set
and estimated the time-dependent AUC and
Brier score for ACD conversion at 5 years

Synthetic Training Set #1

Synthetic Training Set #2

Synthetic Training Set #3



Results: Demographic Profiles

• 15,420 out of 59,782 MCI patients (26%) converted to ACD within 5 years 

• Kaplan Meier estimate of 5-year conversion to ACD was 28.4% (95% CI: 28.0% - 
28.8%)

• Median time to conversion was 1.94 (IQR: 1.09 – 3.10) years

• Median age of MCI Dx was 70.9 (IQR: 63.7 – 80.7) years
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Results: Demographic Profiles

• MCI patients who converted 
were older than those who 
did not

• Fewer obese MCI patients 
converted to ACD

• The overall cohort was 
predominately white and 
male 



Results: Comorbid Profiles

• ACD converters had significantly 
higher proportions for all comorbid 
predictors besides

• Sleep Apnea
• Depression 
• Alcohol Abuse
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Results: Cox Regression

• Patient age is the 
overwhelming risk 
factor

• High BMI was 
protective of ACD 
conversion

• Vascular disease-
related comorbidities 
were the strongest 
comorbid predictors

• Alcohol abuse and 
sleep apnea were 
found to be protective



Results: Cox Regression

• Predicting ACD 
conversion at five years

• Time-dependent 
AUC = 0.73         
(95% CI: 0.72 – 0.74)

• Time-dependent 
Brier score = 0.18 
(95% CI: 0.17 – 0.18) 



Synthetic vs Real Data: Multivariate Analysis
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Synthetic vs Real Data: Prediction 



Conclusions

• Primary Aim: Develop an EHR-based model to predict MCI to ACD conversion
• Age, cerebrovascular disease, myocardial infarction, hypertension and diabetes are risk

factors, with age being the overwhelming risk factor

• High BMI, sleep apnea, and alcohol abuse are protective factors

• EHR-based model showed good discriminative performance (AUC = 0.73) and good
calibration (Brier score 0.18)

• Secondary Aim: Compare model performance using real vs. synthetic data
• Point estimates and 95% CIs in synthetic data closely mirrored real data

• Prediction metrics of synthetic data were comparable to real data



Implications For Veterans and the VA

• VA EHR could be used to identify MCI patients at highest risk of developing
dementia for early treatment or clinical trial recruitment

-> cost-effective care

-> improve clinical trial success rate, reduce number of participants and cost

• Wide access to synthetic data, with minimized privacy risk, to create, test and
verify models that could then be validated internally with real data

• Future Directions
• Improve model by expanding with available EHR data elements

• Need to discover unidentified non-traditional factors behind the overwhelming role of aging
in dementia conversion

• Further validation of synthetic data in non-linear or ML models
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