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Who We Are

• OKAKI is Blackfoot for “Be Wise”

• Public Health Services and Informatics Social Enterprise, Founded in 2008

• Core Competencies
• Public Health, Healthcare, Health Systems

• Health Information Privacy and Security

• Data Engineering, Analytics and Health Research

• Software

• IT Infrastructure and Operations

• Areas of Activity
• Indigenous Health

• Public Health and Immunizations

• Prescription Monitoring

• Population Precision Health



• Provincial Rx drug monitoring program

• Administered by CPSA, TPP AB is a multi-stakeholder partnership

• Monitors medications prone to non-medical or inappropriate use

• Works with stakeholders to enable system level change to ensure 
appropriate use of monitored medications. 

Tracked Prescription Program 
(TPP)  Alberta (est. 1986)

Physician Prescribing Practices 
(PPP)  Program (est. 2009)
• Quality improvement program that provides educational support 

to all physicians generally to optimize quality of care provided to 
Alberta patients (introduced 2009)

• Direct MD and practice interventions for higher risk cases



Sources 
of Truth

Prescriptions and 
Dispenses
(TPP, PIN)

Physicians
(CPSA -

Registration)

Patients

(PIN, PCR)

Pharmacies
(PIN, ACP)

Other Prescribers

Drugs, 
Classification, 

Doses
(Health Canada, 

WHO, AHFS, CDC)

Populations (AH)

Geography
(Statistics Canada,  
AH, Canada Post)

Data Sources Used Today



Aspects of our Work
Atlases – Population Trends and Profiling





There is a 
downward trend 
at all dosage levels 
since 2016
The pattern is 
even stronger with 
higher dosages



Aspects of our Work
Atlases – Population Trends and Profiling

TPP Application – Management of TPP Data and Ops





Aspects of our Work
Atlases – Population Trends and Profiling

TPP Application – Management of TPP Data and Ops

SLICE – Patient and Prescriber Profiling







Aspects of our Work
Atlases – Population Trends and Profiling

TPP Application – Management of TPP Data and Ops

SLICE – Patient and Prescriber Profiling

PERFORxM – High Risk Case Management







Aspects of our Work
Atlases – Population Trends and Profiling

TPP Application – Management of TPP Data and Ops

SLICE – Patient and Prescriber Profiling

PERFORxM – High Risk Case Management

MD Snapshot – Individualized MD Practice Information





Aspects of our Work
Atlases – Population Trends and Profiling

TPP Application – Management of TPP Data and Ops

SLICE – Patient and Prescriber Profiling

PERFORxM – High Risk Case Management

MD Snapshot – Individualized MD Practice Information

SLICE – Data Quality Assurance





Aspects of our Work
Atlases – Population Trends and Profiling

TPP Application – Management of TPP Data and Ops

SLICE – Patient and Prescriber Profiling

PERFORxM – High Risk Case Management

MD Snapshot – Individualized MD Practice Information

SLICE – Data Quality Assurance

Ad Hoc Requests – Anything Not Captured Above





Alberta Substance Use Surveillance Data



Alberta’s Prescription Monitoring Programs

• The goal is to identify patients at risk of adverse outcomes 
and their associated prescribers, and to intervene to improve 
safe/appropriate practice and reduce patient risk.

• Since 2008, TPP Alberta and the CPSA have continuously 
enhanced their capacity to use data to support safe 
prescribing and professional regulation.



Guideline-Based Risk Assessment

• 2019 Centers for Medicare & Medicaid Services (CMS) uses these safety measures 
to identify high risk opioid use from administrative health data sets:

• >120 OME/day for >90 days, AND

• 4 or more opioid prescribers and pharmacies, AND

• Concurrent use of opioids and benzodiazepines for >30 day

• 2017 Canadian opioid prescribing guidelines for non-cancer pain:

• Avoid use if history of substance use disorder or mental illness

• >90 OME/day is high risk



Outcome-Specific Risk Prediction

➢Framingham Heart Study (1976) – 8491 participants between 30 and 74 years of 
age, from the town of Framingham MA, who were free of cardiovascular disease 
(CVD) at the time of entering the study, were followed for development of a first 
CVD event. 

➢ Framingham Risk Score estimates the 10 year risk of CVD events (e.g., heart 
attack, stroke, peripheral vascular disease, heart failure). Patients at higher risk 
warrant more aggressive preventative therapy. 

➢The original model achieved good discrimination (C statistic 0.763 men and 0.793 
women) and calibration. 

➢Widely adopted around the world



https://cvdcalculator.com/



Some Issues With Prediction Models

➢ Study population is not similar to yours (middle class, urban, Caucasians)

➢ Omit important predictive factors (e.g., physical activity, family history, SES)

➢ Does not take into account risk or treatment over time (e.g., BP medications)

➢ Crude and imprecise thresholds (few risk categories for entire population)

➢ The risk applies to the group, and does not provide a specific individual’s risk

➢ Expensive to update or recreate for your specific population

➢ Population paradox – a preventive measure brings large benefits to the 
community but offers little to each participating individual.

“Prophesy is a good line of business but it is full of risks.” – Mark Twain



Project Objective
➢Apply ML methods to AB's healthcare administrative databases to develop a 

population-based model to predict 30-day risk of drug poisoning related 
emergency visit, hospitalization, or death at the time of an opioid dispense.

➢Explore potential predictive factors ('features') from MD claims, Rx dispensations, 
hospitalizations, emergency department visits and death data.

Database Records

Patients who received at least 1 opioid 2012-2018 1,794,606

Pharmaceutical Information Network (PIN) 255,446,107

Practitioner Claims (Claims) 164,221,577

National Ambulatory Care Reporting System (NACRS) 34,360,160

Discharge Abstract Database (DAD) 1,657,230

Vital statistics (VS) 93,098



Predictive Features in Relation to Outcomes



ROC vs PR curves



2018 Model Performance Using Centers for 
Medicare & Medicaid Services (CMS) Guidelines

Condition Sensitivity Specificity AUC

High dose and Multiple doctors and multiple pharmacies 
and concurrency

0.001 0.999 0.500

High dose or Multiple doctors and multiple pharmacies or concurrency 0.472 0.681 0.583

High dose or Multiple doctor or multiple pharmacies or concurrency 0.607 0.636 0.622

>120 OME/day for >90 days - Highdosage 0.057 0.950 0.504

( >4 doctors) and ( >4 pharmacies ) 0.085 0.972 0.529

Concurrency ( Opioid with BDZ over 30 days ) 0.407 0.733 0.570

Multiple pharmacies 0.120 0.956 0.538

Multiple doctors 0.291 0.889 0.590

( >4 doctors) or ( >4 pharmacies ) 0.326 0.872 0.599



2018 Model Performance using
Canadian Practice Guidelines

Guideline Sensitivity Specificity AUC

Hx of mental disorder only 0.92 0.32 0.626

Substance abuse only 0.99 0.38 0.688

OME/day >90 only 0.14 0.88 0.517

(Mental disorder and substance abuse) 
OR OME/day >90

0.92 0.48 0.702

Mental disorder and substance abuse
AND OME/day >90

0.14 0.93 0.534

Mental disorder OR substance abuse
OR OME/day >90

0.99 0.18 0.589



The Results

• "Machine learning classifiers, especially incorporating hospitalization 
and physician claims data, have better predictive performance 
compared with guideline or prescription history only approaches when 
predicting 30-day risk of adverse outcomes. Prescription monitoring 
programs and health departments with access to administrative data 
can use machine learning classifiers to effectively identify those at 
higher risk compared with current guideline-based approaches.“

• Sharma V, Kulkarni V, Eurich DT, Kumar L, Samanani S. Safe opioid prescribing: a prognostic machine learning 
approach to predicting 30-day risk after an opioid dispensation in Alberta, Canada. BMJ open. 2021 May 
1;11(5):e043964.



How would we apply this model in practice?

➢As part of practice feedback?

➢As part of population-based 
high risk case management? 

➢As part of clinical decision 
support? 



Daily identification of patients with new starts 
based on high-risk threshold

Threshold PP TP FN FP TN PPV NPV Sensitivity Specificity LR+

0 2098.81 39.93 0 2058.88 0 0.02 1 0 1

0.1 1508.97 39.37 0.56 1469.60 589.28 0.03 1.00 0.99 0.28 1.38

0.2 1015.76 38.30 1.63 977.46 1081.43 0.04 1.00 0.96 0.51 2.00

0.3 761.54 37.09 2.83 724.45 1334.43 0.05 1.00 0.93 0.63 2.60

0.4 604.34 35.45 4.48 568.89 1489.99 0.06 1.00 0.89 0.70 3.16

0.5 460.43 32.00 7.93 428.43 1630.46 0.07 0.99 0.81 0.78 3.82

0.6 300.12 26.64 13.29 273.48 1785.41 0.09 0.99 0.68 0.86 5.10

0.7 154.31 19.84 20.08 134.46 1924.42 0.14 0.99 0.51 0.93 7.74

0.8 56.89 11.94 27.99 44.95 2013.93 0.22 0.99 0.31 0.98 14.28

0.85 28.56 8.34 31.58 20.22 2038.67 0.29 0.98 0.22 0.99 22.69

0.9 10.60 5.05 34.88 5.55 2053.33 0.44 0.98 0.13 1.00

0.95 1.88 1.28 38.64 0.60 2058.28 0.70 0.98 0.03 1.00

1 0 0 39.93 0 2058.88 0.98 0 1





Explaining Individual Predictions



Questions and 
Discussion
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