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Active Risk Identification and Analysis (ARIA)

• Template computer programs with standardized questions

• Parameterized at program execution

• Pre-tested and quality-checked 

• Standard output

https://www.sentinelinitiative.org/active-risk-identification-and-analysis-aria



3Sentinel Initiative   | 



4Sentinel Initiative   | 

Agenda

• Review of Query Design 

• Interpretation of Report Contents

Topics

– Baseline Characteristics

– Type 2 Report

– Propensity Score Analysis
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Develop Unadjusted Incidence Rates (Type 2)

• Identifies an exposure of interest and looks for the 
occurrence of health outcomes of interest (HOIs) during 
exposed time.

• Output metrics include number of exposure episodes and 
number of patients, number of health outcomes of 
interest, and days at-risk.

• Example:

‒ SGLT-2 Inhibitor Use and Incidence of Diabetic Ketoacidosis
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Recap of this Morning’s Session

• Introduced our case study problem

– Stroke following antipsychotics use

• Evaluated medical product utilization data

– Sentinel Query Builder (Simplified Type 5 CIDA) Analysis Tool

• Introduced design diagram and query specifications for an incidence rates query with 
associated propensity score matching analysis

– How to parameterize the regulatory question



7Sentinel Initiative   | 

Query Design

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183 day Enrollment

45 day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exclusion 
Dementia 183 days to 0 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior
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Baseline Output

• Default output table characterizes each exposure/outcome scenario for:

– Age

– Sex

– Race

– Year of exposure

– User-defined conditions 

– Medical and drug utilization metrics

– Comorbidity score

• Evaluation for conditions occurs in flexible periods of time relative to the index date
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Baseline Table

• Table 1s show baseline 
characteristics 

• Baseline table created for 
each exposure/outcome 
scenario (Tables 1a – 1d)

User specified 
age categories

Year

Sex

Covariates
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Type 2 Report - Overall Summary Counts
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Type 2 Report - Overall Summary Counts
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Who are Eligible Members?

• Eligible Members, Member-Days, and Member-Years 

– Reflective of the number of members that met all cohort entry criteria on at least one day during
the query period (i.e., those eligible for an index event)

– Restricted to health plan members at participating Data Partners and may not be nationally 
representative

• In this query:

– 18-65 years

– Medical and drug coverage for 183 days

– No exposure in -183 days (washout for exposure)

– No stroke in -60 days (washout for outcome)

– No dementia in -183 days (exclusion)
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Who are Eligible Members? continued

Lymphoma HOI* validation project, CIDA workplan to id cases chart review

• Algorithm to validate: 2 lymphoma dx codes within 183 days, first is index and incident, 
have biopsy and imaging px codes within +/- 90 days of index 

→ Eligible Members: 

• ≥15 years

• Medical and drug coverage for 365 days

• No lymphoma is -183 days (washout for cohort)

• Biopsy px code in +/- 90 days 

• Imaging px code in +/- 90 days
*Health outcome of interest
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CIDA Denominators – for Types 1 and 2

• Eligible members  

– Number of members eligible for an index date 

– Must meet enrollment requirements, washout criteria, and inclusion/exclusion criteria for at least 
one day during the query period

• Eligible member days

– All the days during the query period that an eligible member is eligible for inclusion in the cohort

• Tool assesses members every day of query 
period and counts eligible member days

• If you have at least 1 eligible day, you are an 
eligible member 
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Type 2 Report - Overall Summary Counts
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Type 2 Report - Overall Summary Counts
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Adjusted vs Raw Code Counts 

# Patients: 1
# Episodes: 1
Adjusted Code Count: 3
Raw Code Count: 3 30 days 30 days30 days

Dispensed 
4/1/2016

Dispensed 
5/1/2016

Dispensed 
5/31/2016

Continuous Active 
Treatment: 

90 days
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# Patients: 1
# Episodes: 2
Adjusted Code Count: 2
Raw Code Count: 3

30 days

30 days

30 days

Dispensed 
4/1/2016

Dispensed 
8/1/2016

Adjusted vs Raw Code Counts 
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Type 2 Report - Overall Summary Counts
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Stratification of Results

• The CIDA tool can stratify select results from all cohort identification strategies by age, sex, 
year, month, race, and certain geographic information. 

• Stratifications are user-defined.

• Custom strata may be defined in the CIDA tool from lists of valid stratification variables 
specific to each method of cohort identification. 

• Results may also be stratified by defined covariates. 
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Summary Counts by Year
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Summary Counts by Sex
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Summary Counts by Age Group
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Propensity Score Analysis
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Propensity Score Analysis (Type 2)

• Uses cohort information developed in a Type 2 Incidence 
Rates Query to perform a Propensity Score Analysis with 
matching or stratification.

• Can be non-sequential or sequential.

• Output metrics include propensity score distributions and 
regression outputs and adjusted hazard ratios.

• Example

‒ Stroke following Typical or Atypical Antipsychotics Use in 
non-Elderly Patients
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Propensity Score Match Design Diagram

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183 day Enrollment

45 day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exclusion 
Dementia 183 days to 0 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior

Propensity Score
• 1:1 Matching
• Caliper: 0.05
• Age, Sex
• Recorded History 

Parameters
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Propensity Score Analysis 

• By assigning an exposure of interest and comparator, the type 2 output can be leveraged in 
an inferential analysis to: 

– Assign members a propensity score, based on user-defined criteria

– Calculate adjusted risk estimates using matching or stratification

• For each comparison, Cox proportional hazards regression models is used to estimate 
hazard ratios and corresponding 95% confidence intervals

• There is an option for risk-set level return, and patient-level return 
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Baseline Characteristics 
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Baseline Characteristics 



31Sentinel Initiative   | 

Propensity Score Distribution 
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Risk Estimates
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Kaplan Meyer Survival Curve
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Attrition Table – Proposed revision

• Reports the initial member count in a population

• Reports the loss in eligible members due to required enrollment coverage, inclusion and 
exclusion criteria, incidence washout, etc.
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Questions?

info@sentinelsystem.org

mailto:info@sentinelsystem.org


Case Study: Antipsychotics and Stroke
A Journey from Summary Table to Propensity Score 
Analysis

Ting-Ying Jane Huang, PhD

August 29, 2019

Sentinel Operations Center
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Outline

• Safety question

• Background rate: drug utilization

• Feasibility assessment: incidence rate in target population

• Comparative assessment: propensity score analysis

• Regulatory actions and publications
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• In 2016, the FDA considered a proposed label change for warning/precaution regarding 
cerebrovascular events associated with antipsychotic use

Typical Antipsychotics Atypical Antipsychotics

1. Prochlorperazine (Compazine) 1. Aripiprazole (Abilify)

2. Haloperidol (Haldol) 2. Asenapine (Saphris)

3. Loxapine (Loxitane) 3. Clozapine (Clozaril)

4. Thioridazine (Mellaril) 4. Iloperidone (Fanapt)

5. Molindone (Moban) 5. Lurasidone (Latuda)

6. Thiothixene (Navane) 6. Olanzapine (Zyprexa)

7. Pimozide (Orap) 7. Olanzapine/fluoxetine (Symbyax)

8. Fluphenazine (Prolixin) 8. Paliperidone (Invega)

9. Trifluoperazine (Stelazine) 9. Quetiapine (Seroquel)

10. Chlorpromazine (Thorazine) 10. Risperidone (Risperdal)

11. Perphenazine (Trilafon) 11. Ziprasidone (Geodon) 

Existing 
language in 
safety label 
regarding 

cerebrovascular 
risk among 

elderly patients 
with dementia 

Safety Question
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Study Population Risk estimate  

(95% CI) 

Comparison 

Cohort studies 

Barnett (2007) Dementia 1.29 (0.48-3.47) FGAs: unexposed 

Gill (2005) Dementia 1.01 (0.81-1.26) Atypical:Typical 

Hermann (2004) 65+ years old 1.1 (0.5-2.3) Olanzapine: Typical 

“ “ 1.4(0.7-2.8) Risperidone:Typical 

Sacchetti (2008) 65+ years old 2.34 (1.01-5.41) Phenothiazines:Atypical 

Shin (2015a) 65+ years old 3.47 (1.97-5.48) Chlorpromazine:Risperi

done 

Vasilyeva (2013) 65+ years old 1.14 (0.96-1.34) SGA:FGA 

Wang (2007) Medicare 1.09 (1.02-1.16) Typical:Atypical 

Case-control  

Liperoti (2005) Dementia 1.24 (0.95-1.63) Conventional:unexposed 

Hsieh (2013) Schizophrenia 2.75 (1.34-5.64) FGA:unexposed 

Kleijer (2009) 50+ years old 2.6 (1.3-5.0) Conventional:atypical 

Laredo (2011) Dementia 1.46 (1.30-1.64) Typical: unexposed 

Self-controlled 

Douglas (2008) Stroke patients 1.69 (1.55-1.84) Typical:unexposed 

Pratt (2010) 65+ y.o. with stroke 2.7 (1.8-4.0) Typical:unexposed 

Wu (2013) Stroke patients 1.91 (1.67-2.18) SGA:FGA 

“ “ 1.43 (1.34-1.51) FGA: unexposed 

“ “ 2.3 (2.2-2.5) Prochlorperazine:unexp

osed 

FGA first generation antipsychotics, SGA second generation antipsychotics 
 

, stroke
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Study Questions

• Do younger (<65 years), non-demented users of typical antipsychotics (APs) have a higher 
risk of stroke, compared to users of atypical APs?

• Does AP dose modify this risk, haloperidol in particular?

• Is the risk highest in the first few days/weeks after initiating APs?

• Do concomitant users of atypical APs and antidepressants have a higher risk of stroke, 
compared to users of only antidepressants?
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Validation 
Efforts

Statistical 
Analysis

Cohort 
Identification 

& 
Characteriza-

tion

Prep-to-
Research

Counts 
Identify/ 
describe 

population

Comparative 
assessment

Chart Review

Feasibility Inference Inference or 
Follow-up

Typical Pharmacoepidemiologic Evaluation



45Sentinel Initiative   | 

Follow-up 
(PEPR, 

sensitivity 
analysis on 
frozen data)

Inferential 
Design 
(L2/L3)

Cohort 
Identification 

and 
Descriptive 

Analysis (L1)

Summary 
Table

Counts 
Identify/ 
describe 

population

Comparative 
assessment

New queries; 
Line Lists; 

Chart Review

Feasibility Inference Inference or 
Follow-up

Safety Assessment in Sentinel

PEPR: Patient Episode Profile Retrieval 
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Counts 
Identify/ 
describe 

population

Comparative 
assessment

New queries; 
Line Lists; 

Chart Review

Follow-up 
(PEPR, 

sensitivity 
analysis on 
frozen data)

Inferential 
Design 
(L2/L3)

Cohort 
Identification 

and 
Descriptive 

Analysis (L1)

Summary 
Table

Feasibility Inference Inference or 
Follow-up

Safety Assessment in Sentinel

PEPR: Patient Episode Profile Retrieval 
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Summary Table
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Generic 

Name OLANZAPINE

Data

Year Sex Age Group
Number of Users

Number of 

Dispensings Days Supplied

2010 M 19-21 1,286 5,289 169,115

22-44 7,150 34,822 1,170,166

45-64 7,400 39,889 1,406,770

65-74 1,528 7,747 287,870

75+ 1,900 8,751 300,611

F 19-21 624 2,040 63,607

22-44 6,970 27,797 918,213

45-64 9,477 47,545 1,710,644

65-74 2,548 13,923 506,209

75+ 4,449 24,823 853,600

2011 M 19-21 1,436 5,830 183,938

22-44 7,146 35,540 1,196,473

45-64 7,377 39,646 1,404,163

65-74 1,574 7,894 288,485

75+ 1,985 8,797 303,479

F 19-21 683 2,224 72,632

22-44 6,608 25,709 855,263

45-64 9,328 46,584 1,682,724

65-74 2,724 14,732 535,998

75+ 4,528 25,267 865,353

Table 1. Number of Prevalent OLANZAPINE Users, Number of Dispensings, and Total Days Supplied by 

Year, Sex, and Age Group

Selecting generic name here will update table below. Select only 

one generic name.
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Counts 
Identify/ 
describe 

population

Comparative 
assessment

New queries; 
Line Lists; 

Chart Review

Follow-up 
(PEPR, 

sensitivity 
analysis on 
frozen data)

Inferential 
Design 
(L2/L3)

Cohort 
Identification 

and 
Descriptive 

Analysis (L1)

Summary 
Table

Feasibility Inference Inference or 
Follow-up

Safety Assessment in Sentinel

PEPR: Patient Episode Profile Retrieval 
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L1: Feasibility Assessment (CIDA Type 2)

1/1/2001 9/30/2015Index Date: Atypical AP

Exposed Time

Event Outcome: Stroke

Censoring: Episode end, 
typical AP initiation, query 
end, data end, disenrollment, 
recorded death

Enrollment: 183-day enrollment 
in medical and drug coverage

Exposure Incidence: No typical or 
atypical AP in 183 days prior

Exclusion: Stroke in 60 days prior

Covariate SSRI use in 60 days prior

Covariate (other) in 183 days prior
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N|Mean %|Std N|Mean %|Std N|Mean %|Std

Number of patients    1,241,864         148,229            81,883   

Age 48.6 19 62.4 18.3 70 17.9

Age: 18-39       474,808 38.2%          24,654 16.6%            8,590 10.5%

Age: 40-54       348,067 28.0%          29,237 19.7%            9,914 12.1%

Age: 55+       418,989 33.7%          94,338 63.6%          63,379 77.4%

Female       756,054 60.9%          71,550 48.3%          45,671 55.8%

Haloperidol Low (0.5-2 mg)          55,087 67.3%

Haloperidol Medium (5-10 mg)          11,749 14.3%

Haloperidol High (20 mg)               104 0.1%

Haloperidol Liquid          15,314 18.7%

Stroke in prior 3-6 months          16,549 1.3%            3,218 2.2%            2,404 2.9%

SSRI in prior 3-6 months       412,230 33.2%          29,677 20.0%          17,784 21.7%

Acute Myocardial Infarction          36,416 2.9%          11,227 7.6%            8,447 10.3%

Diabetes       154,252 12.4%          31,619 21.3%          19,554 23.9%

Heart Failure          63,400 5.1%          18,954 12.8%          15,586 19.0%

Hypercholesterolemia       283,670 22.8%          47,336 31.9%          27,506 33.6%

Hypertension       383,517 30.9%          70,546 47.6%          44,579 54.4%

Kidney Failure          71,968 5.8%          23,285 15.7%          18,059 22.1%

Transient Iischemic Attack          14,457 1.2%            2,864 1.9%            2,135 2.6%

Atypical Typical Haloperidol

Table 1: Baseline Characteristics of Patients Exposed to Atypical or Typical Antipsychotics, 

Scenarios with Outcome = Ischemic Stroke 

1. Product strength, but not daily 
dose, of index exposure is readily 
available in SCDM

2. Comparative analyses stratified by 
index exposure product strength 
may experience sample size issue

How many AP users with stroke history do we lose if 
we extend stroke exclusion from 2 to 6 months prior 
to index date? How many concomitant SSRI users do we gain if we 

extend the concomitancy definition from 2 to 6 months 
prior to index date? 

L1 Results
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Scenarios with Outcome = 

Ischemic Stroke 

New Users Years at Risk

New Users w/ 

Outcome

New Users w/ 

Outcome / 10K 

Years at Risk

1,241,864 631,084.5 2,669 42.29

148,229 35,356.6 339 95.88

81,883 17,602.5 247 140.32

Table 4: Summary of Stroke following Treatment with Atypical or Typical 

Antipsychotics, with or without Selective Serotonin Reuptake Inhibitors (SSRIs) in 

the Sentinel Distributed Database between January 1, 2001 and September 30, 

Typical Antipsychotics and Ischemic Stroke

Haloperidol and Ischemic Stroke

Atypical Antipsychotics and Ischemic Stroke

L1 Results
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Counts 
Identify/ 
describe 

population

Comparative 
assessment

New queries; 
Line Lists; 

Chart Review

Follow-up 
(PEPR, 

sensitivity 
analysis on 
frozen data)

Inferential 
Design 
(L2/L3)

Cohort 
Identification 

and 
Descriptive 

Analysis (L1)

Summary 
Table

Feasibility Inference Inference or 
Follow-up

Safety Assessment in Sentinel

PEPR: Patient Episode Profile Retrieval 
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Study Questions

• Do younger (<65 years), non-demented users of typical antipsychotics (APs) have a higher 
risk of stroke, compared to users of atypical APs?

• Does AP dose modify this risk, haloperidol in particular?

• Is the risk highest in the first few days/weeks after initiating APs?

• Do concomitant users of atypical APs and antidepressants have a higher risk of stroke, 
compared to users of only antidepressants?
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Study Questions

• Do younger (<65 years), non-demented users of typical antipsychotics (APs) have a higher 
risk of stroke, compared to users of atypical APs?

• Does AP dose modify this risk, haloperidol in particular?

• Is the risk highest in the first few days/weeks after initiating APs?

• Do concomitant users of atypical APs and antidepressants have a higher risk of stroke, 
compared to users of only antidepressants?
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Comparative Assessment

• Do younger (<65 years), non-demented users of typical antipsychotics (APs) have a higher 
risk of stroke, compared to users of atypical APs?

• Does AP dose modify this risk, haloperidol in particular?

• Is the risk highest in the first few days/weeks after initiating APs?

• Do concomitant users of atypical APs and antidepressants have a higher risk of stroke, 
compared to users of only antidepressants?
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Comparative Assessment

• Do younger (<65 years), non-demented users of typical antipsychotics (APs) have a higher 
risk of stroke, compared to users of atypical APs?

• Does AP dose modify this risk, haloperidol in particular?

• Is the risk highest in the first few days/weeks after initiating APs?

• Do concomitant users of atypical APs and antidepressants have a higher risk of stroke, 
compared to users of only antidepressants?

Compare AP 

users to whom?
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Comparative Assessment

Options for the comparator group

1. AP users themselves: self-controlled design

2. Non-users: exact match on age, sex, and/or calendar time

3. Antidepressant users: prevalent new user design

4. Negative controls: users of another drug class with similar indications but no known 
associated risk for stroke



65Sentinel Initiative   | 

Comparative Assessment

Options for the comparator group

1. AP users themselves: self-controlled design

2. Non-users: exact match on age, sex, and/or calendar time

3. Antidepressant users: prevalent new user design

4. Negative controls: users of another drug class with similar indications but no known 
associated risk for stroke

• Z-hypnotics: non-benzodiazepine hypnotics zolpidem, eszoplicone, zaleplon, used in 
treatment of insomnia

→ Final comparison: AP users vs z-hypnotic users, with existing SSRI use at baseline
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1:1 Propensity Score Matching

Propensity Score

3 ED 
visits

Age 53
Male

Comorb
Score 0.7

2015
AMI

ACEi
Use

https://www.sentinelinitiative.org/co
mmunications/sentinel-initiative-
events/sentinel-initiative-public-
workshop-tenth-annual-day-2
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L2 Results: Typical vs Atypical APs
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L2 Results
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L2 Results: 
Atypical APs + SSRI vs Z-Hypnotics + SSRI
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Discussion

https://www.sentinelinitiative.org/sites/default/files/communications/publications-presentations/Sentinel-ICPE-2017-Symposium-Snapshot-of-the-First-Year_Antipsychotic_stroke.pdf
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https://www.sentinelinitiative.
org/communications/publicati
ons/2017-icpe-symposium-
integrating-sentinel-routine-
regulatory-drug-review

Regulatory Actions and Publications

• FDA decided that no action was 
necessary

– Study results did not warrant labeling 
stroke risk for non-elderly/non-demented 
patients taking APs

• Presentation at the 2017 International 
Conference on Pharmacoepidemiology & 
Therapeutic Risk Management

• Taylor LG, Panucci G, Mosholder AD, Toh 
S, Huang TY, 2019. Antipsychotic Use and 
Stroke: A Retrospective Comparative 
Study in a Non-Elderly Population. The 
Journal of Clinical Psychiatry, 80(4).
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For More Information …

https://www.sentinelinitiative.org/sites/default/files/Drugs/Assessments/Sentinel_Report_Antipsychotics_Stroke_PSM_1.pdf


73Sentinel Initiative   | 

For More Information …

https://www.sentinelinitiative.org/sites/default/files/Drugs/Assessments/Sentinel_Report_Antipsychotics_Stroke_PSM_1.pdf
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For More Information …

https://dev.sentinelsystem.org/
projects/AP/repos/sentinel-
analytic-packages/browse

https://www.sentinelinitiative.org/sites/default/files/Drugs/Assessments/Sentinel_Report_Antipsychotics_Stroke_PSM_1.pdf
https://dev.sentinelsystem.org/projects/AP/repos/sentinel-analytic-packages/browse
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Questions?

info@sentinelsystem.org

mailto:info@sentinelsystem.org


77

Coffee Break 

2:15pm – 2:30pm

If you are not attending the CIDA Lab, please remember to 
complete and return the survey at this time.



Overview of Cohort Identification and Descriptive 
Analysis (CIDA) SAS Analytic Package Creation

Judith C. Maro, PhD

August 29, 2019

Sentinel Operations Center
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Agenda

• Review Sentinel Operations Center Process Flow

• Create a CIDA SAS Package

1. Complete Specifications and Compile Code Lists

2. Input Files

3. RUN_PROGRAMS (Main Program)

4. SASPROGRAM (Master Program)
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Recap of this Morning’s Session

• Introduced our case study problem

– Stroke following antipsychotics use

• Evaluated medical product utilization data

– Sentinel Query Builder (Simplified Type 5 CIDA) Analysis Tool

• Introduced design diagram and query specifications for an incidence rates query with 
associated propensity score matching analysis

– How to parameterize the regulatory question
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Develop Unadjusted Incidence Rates (Type 2)

• Identifies an exposure of interest and looks for the 
occurrence of health outcomes of interest (HOIs) during 
exposed time.

• Output metrics include number of exposure episodes and 
number of patients, number of health outcomes of 
interest, and days at-risk.

• Example:

‒ SGLT-2 Inhibitor Use and Incidence of Diabetic Ketoacidosis
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Develop Unadjusted Incidence Rates (Type 2)

• Identifies an exposure of interest and looks for the 
occurrence of health outcomes of interest (HOIs) during 
exposed time.

• Output metrics include number of exposure episodes and 
number of patients, number of health outcomes of 
interest, and days at-risk.

• Example:

‒ SGLT-2 Inhibitor Use and Incidence of Diabetic Ketoacidosis
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Operations Center Process Flow

Specification

SAS Analytic

Package

Testing

Distribution

Report
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Operations Center Process Flow

Specification

SAS Analytic

Package

Testing

Distribution

Report

INPUT

OUTPUT
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SAS Analytic Package (Program) Runs Against Data

• DPLOCAL (Data Partner Local) – left empty

– Location for patient-level data output that stays at Data Partner

• MSOC (Mini-Sentinel Operating Center) – left empty

– Location for aggregate-level data output that is returned

• INPUTFILES contains SAS data sets with necessary parameters, CIDA 
look-up tables, and CIDA macros

• SASPROGRAMS contains the single SAS macro to be executed in order 
to run the package
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Creating a SAS Analytic Package 

*Global Parameter Files

Specifications

• Parameters

• Codes

Input Files

• Parameters
• Monitoring File*

• Cohort File

• Type File

• Strata File*

• Codes
• Cohort Codes File

• Inclusion/Exclusion File

• Covariate Codes File*

• Reporting
• Create Report File*

• Groups File

• Propensity Score

Main (run) 
Program

• Input file 
names

Master (SAS) 
Program

• Package 
location

• Dataset 
location
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Making a CIDA SAS Analytic Package:
Let’s work on the Input Files
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Getting Set Up

• Navigate to the “Lab” folder
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Materials

• Printed:

– Specifications

– Answer Key

• Webpage: 

– Sentinel Routine Querying Tool Documentation

• SAS files:

– 9 SAS programs to create input files

– SynPUFs Test Data
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CIDA Documentation (dev.sentinelsystem.org)

https://dev.sentinelsystem.org/repos?visibility=public
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CIDA Type 2 Documentation

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/file040-type02-expfollowup.md
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Technical Documentation by Type

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/atoc-type2.md
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CIDA Type 2 Functional and Technical Documentation Files

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/atoc-type2.md

(excerpt)
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CIDA Type 2 Functional and Technical Documentation Files

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/file580-typeall-monitoring.md

(excerpt)

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/file580-typeall-monitoring.md
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Step 2: Input File Creation

*Global Parameter Files

Specifications

• Parameters

• Codes

Input Files

• Parameters
• Monitoring File*

• Cohort File

• Type File

• Strata File*

• Codes
• Cohort Codes File

• Inclusion/Exclusion File

• Covariate Codes File*

• Reporting
• Create Report File*

• Groups File

• Propensity Score

Main (run) 
Program

• Input file 
names

Master (SAS) 
Program

• Package 
location

• Dataset 
location
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Inputs: Monitoring File

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183-day Enrollment

45 Day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exclusion 
Dementia 183 days to 0 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior

Monitoring
File

Monitoring
File
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Inputs: Cohort File

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183-day Enrollment

45 Day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exclusion 
Dementia 183 days to 0 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior

Cohort File                 

Monitoring
File

Monitoring
File
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Inputs: Type 2 File

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183-day Enrollment

45 Day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exclusion 
Dementia 183 days to 0 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior

Cohort File                 

→ Type 2 File

Monitoring
File

Monitoring
File
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Inputs: Cohort Codes File

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183-day Enrollment

45 Day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exclusion 
Dementia 183 days to 0 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior

Cohort File                 

→ Type 2 File 
and 

Cohort Codes File

Cohort Codes File      

Monitoring
File

Monitoring
File
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Exclusion 
Dementia 183 days to 0 day prior to index

Inclusion/Exclusion File    

Inputs: Inclusion/Exclusion and Covariate Codes File

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183-day Enrollment

45 Day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior

Cohort File                 

→ Type 2 File 
and 

Cohort Codes File

Covariate Codes File         

Cohort Codes File      

Monitoring
File

Monitoring
File
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MONITORING FILE:
PURPOSE: To establish the time period in which index dates can occur

PARAMETERS: 6

1/1/2008 12/31/2010

Monitoring
File

Monitoring
File
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Specifications: Defining Query Period 

* Global Parameters

*

*

*



103Sentinel Initiative   | 

Create Monitoring File

• Open 1_monitoring.sas program
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COHORT FILE:
PURPOSE: To define high level parameters for exposure-outcome cohorts

PARAMETERS: 16

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183-day Enrollment

45 Day Enrollment Gap
Medical and Drug Coverage

Cohort File                 
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Specifying Scenarios
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Specifications: Stratifications and Demographics 

* Global Parameters

*

*

*
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Create Cohort File

• Open 2_cohort.sas program
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Create Cohort File
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TYPE 2 FILE:
PURPOSE: To define exposure and follow-up time strategies, per cohort

PARAMETERS: 18

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Event Incidence
No stroke in 60 days prior

→ Type 2 File

Cohort Definition
First valid exposure episode; no cohort re-entry
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Specifications: Groups
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Specifications: Event Outcome
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Create Type 2 File

• Open 3_type.sas program
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Create Type 2 File
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USER-DEFINED STRATA FILE:
PURPOSE: To define both the output tables that will be returned as well as the 

stratifications of each output table
PARAMETERS: 3
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Specifications: Stratifications

* Global Parameters

*

*

*
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CIDA Type 2 Technical Documentation: Input Files

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/atoc-type2.md

(excerpt)
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Lookup Valid Stratifications for a Type 2

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/file626-typeall-strata.md

*

*

*
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Standard Strata Levels

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/file626-typeall-strata.md 
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User-defined Strata File Overview

• Specify which output tables should be produced and with which strata levels
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Step 2: Moving on to Code Files

Specifications

• Parameters

• Codes

Input Files

• Parameters
• Monitoring File*

• Cohort File

• Type File

• Strata File*

• Codes
• Cohort Codes File

• Inclusion/Exclusion File

• Covariate Codes File*

• Reporting
• Create Report File*

• Groups File

• Propensity Score

Main (run) 
Program

• Input file 
names

Master (SAS) 
Program

• Package 
location

• Dataset 
location

*Global Parameter Files
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COHORT CODES FILE:
PURPOSE: Assignment of roles to relevant codes for roles in cohort identification 

PARAMETERS: 23

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Event Incidence
No stroke in 60 days prior

→ Cohort Codes File

Cohort Codes File      
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Create Cohort Codes File

• Open 5_cohortcodes.sas program

Focused on 2 Anchor Points

1. Index (t#_index in CIDA) 

2. Outcome (t#_fup in CIDA)

1/1/2008 12/31/2010
Event Outcome

Stroke
Index Date

Typical Antipsychotic Dispensing
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Cohort Codes File: Specifications

Index 
(DEF)

Censoring 
(IOT/FUT)

Incidence 
(IOT/IOD)



124Sentinel Initiative   | 

Cohort Codes File: Parameter T2_INDEX

DEF

Exposed Time

DEF (Definition): 
Code defines index date 
and incidence criteria Index Date

Exposure Incidence

IOT

Exposed Time

IOT (Incidence or Truncation):
Code defines incidence
and truncation criteria Index Date

Exposure Incidence
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Create Cohort Codes File

Group t2_index = DEF t2_index = IOT

typ_is typical_antipsychotics

typ_ich

atyp_is

atyp_ich

Code List Key

Clinical Concept SAS Dataset with Codes

Typical antipsychotics typical_antipsychotics

Atypical antipsychotics atypical_antipsychotics

Ischemic stroke ischemic_stroke

Intracranial hemorrhage intracranial_hemorrhage
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Create Cohort Codes File

Group t2_index = DEF t2_index = IOT t2_fup = DEF t2_fup = IOC

typ_is typical_antipsychotics atypical_antipsychotics

typ_ich typical_antipsychotics atypical_antipsychotics

atyp_is atypical_antipsychotics typical_antipsychotics

atyp_ich atypical_antipsychotics typical_antipsychotics

Code List Key

Clinical Concept SAS Dataset with Codes

Typical antipsychotics typical_antipsychotics

Atypical antipsychotics atypical_antipsychotics

Ischemic stroke ischemic_stroke

Intracranial hemorrhage intracranial_hemorrhage
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Cohort Codes File: Sample



128Sentinel Initiative   | 

Create Cohort Codes File

Focused on 2 Anchor Points

1. Index (t#_index in CIDA) 

2. Outcome (t#_fup in CIDA)

1/1/2008 12/31/2010
Event Outcome

Stroke
Index Date

Typical Antipsychotic Dispensing
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Specifications: Cohort Codes

Outcome
Outcome Incidence 

(IOC)
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Cohort Codes File: Parameter T2_FUP
DEF

Exposed Time

DEF (Definition): 
Code defines event outcome
and incidence criteria Index Date

IOC

Exposed Time

IOC (Incidence Only Criteria):
Code defines event incidence
criteria Index Date

Event Outcome

Event Incidence

Event Outcome

Event Incidence
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Create Cohort Codes File

Group t2_index = DEF t2_index = IOT t2_fup = DEF t2_fup = IOC

typ_is typical_antipsychotics atypical_antipsychotics ischemic_stroke

typ_ich typical_antipsychotics atypical_antipsychotics

atyp_is atypical_antipsychotics typical_antipsychotics

atyp_ich atypical_antipsychotics typical_antipsychotics

Code List Key

Clinical Concept SAS Dataset with Codes

Typical antipsychotics typical_antipsychotics

Atypical antipsychotics atypical_antipsychotics

Ischemic stroke ischemic_stroke

Intracranial hemorrhage intracranial_hemorrhage
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Create Cohort Codes File

Group t2_index = DEF t2_index = IOT t2_fup = DEF t2_fup = IOC

typ_is typical_antipsychotics atypical_antipsychotics ischemic_stroke intracranial_hemorrhage

typ_ich typical_antipsychotics atypical_antipsychotics intracranial_hemorrhage ischemic_stroke

atyp_is atypical_antipsychotics typical_antipsychotics ischemic_stroke intracranial_hemorrhage

atyp_ich atypical_antipsychotics typical_antipsychotics intracranial_hemorrhage ischemic_stroke

Code List Key

Clinical Concept SAS Dataset with Codes

Typical antipsychotics typical_antipsychotics

Atypical antipsychotics atypical_antipsychotics

Ischemic stroke ischemic_stroke

Intracranial hemorrhage intracranial_hemorrhage
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Cohort Codes File: Sample
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Exclusion 
Dementia 183 days to 0 day prior to index

Inclusion/Exclusion File    

INCLUSION/EXCLUSION CODES FILE
PURPOSE: Assignment of roles to relevant codes for restriction of cohort 

due to inclusion/exclusion criteria
PARAMETERS: 19

1/1/2008 12/31/2010
Event Outcome

Stroke
Index Date

Typical Antipsychotic Dispensing
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Specifications: Inclusion/Exclusion Codes
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Create Inclusion/Exclusion Codes File

• Open 6_exclusion.sas program
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Finished Inclusion/Exclusion Codes File Sample
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Covariate Evaluation Window 
183 days to 1 day prior to index

Covariate Codes File         

COVARIATE CODES FILE:
PURPOSE: Assignment of codes for evaluation of covariates, relative to 

the exposure index
PARAMETERS: 13

1/1/2008 12/31/2010
Event Outcome

Stroke
Index Date

Typical Antipsychotic Dispensing
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Specifications: Covariates
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Finished Covariate Codes File Sample
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LOCAL REPORT FILES:
PURPOSE: Specify what to include in the automated report



142Sentinel Initiative   | 

Local Report Files

• The local report input files have been created for you 

– createreport.sas7bdat and groups_table.sas7bdat
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Create Report File (Excerpt)

…
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Create Report File

…
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Groups File
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Groups File
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PROPENSITY SCORE COMPARISON FILE:
PURPOSE: Specify all exposure/comparator pairs that should be evaluated in the 

propensity score analysis
PARAMETERS: 12

Propensity	Score	

3	ED	
visits	

Age	53	
Male	

Substance	
Abuse	

2015	
Diabetes	

Heart	
Failure	
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Specifications: Propensity Score

* Global Parameters

*

*

*
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Create Propensity Score Comparison File

• Open 9_propensityscore.sas program
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Step 3: Name and Locate Input Files

Specifications

• Parameters

• Codes

Input Files

• Parameters
• Monitoring File*

• Cohort File

• Type File

• Strata File*

• Codes
• Cohort Codes File

• Inclusion/Exclusion File

• Covariate Codes File*

• Reporting
• Create Report File*

• Groups File

• Propensity Score

Main (run) 
Program

• Input file 
names

Master (SAS) 
Program

• Package 
location

• Dataset 
location

*Global Parameter Files
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RUN_PROGRAMS:
PURPOSE: Reference names of all input files and specify run level parameters 
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Run_Programs Run ID

Input Files

Input Files

Additional Options
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Run_Programs
Type Specific Optional 
Parameters

Inferential L2 
Related Parameters

Reporting Files
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RUN_PROGRAMS.SAS

• Referred to as “main program” in CIDA documentation

• Review the completed run_programs.sas file in your inputfiles folder
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SASPROGRAMS:
PURPOSE: Establish test data location and execute package on test data
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Step 4: Name and Locate Formatted Data

Specifications

• Parameters

• Codes

Input Files

• Parameters
• Monitoring File*

• Cohort File

• Type File

• Strata File*

• Codes
• Cohort Codes File

• Inclusion/Exclusion File

• Covariate Codes File*

• Reporting
• Create Report File*

• Groups File

• Propensity Score

Main (run) 
Program

• Input file 
names

Master (SAS) 
Program

• Package 
location

• Dataset 
location

*Global Parameter Files
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Prepare Request Package
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Name and Locate Formatted Data
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Name and Locate Formatted Data

• Referred to as “master program” in CIDA documentation

• Identifies claims database for analysis

• Specifies package location using multiple identifiers
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Update Master (SAS) Program

• Update file paths under %let _packageroot and %let prod_scdm
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Update Master (SAS) Program
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Execute Request Package

• Right click on master program and batch submit the program
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CIDA Output and Report Interpretation
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Agenda

• Review of Query Design 

• By Topic

– SAS Output

– Interpretation of Report Contents

Topics

– Signature file

– Baseline characteristics

– Type 2 Report

– Attrition

– Censor

– Propensity Score Analysis
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Exclusion 
Dementia 183 days to 0 day prior to index

Inclusion/Exclusion File    

Incidence Rates Design Diagram and File Map

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183-day Enrollment

45 Day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior

Cohort File                 

→ Type 2 File 
and 

Cohort Codes File

Covariate Codes File         

Cohort Codes File      

Monitoring
File

Monitoring
File
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SAS Output from a CIDA Type 2 Analysis: Overview

• Data gets output to msoc and dplocal folders

OUTPUT

For Sentinel queries, the Sentinel Operations Center does not have access to 
datasets in dplocal
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SAS Output from a CIDA Type 2 Analysis

• Signature

• Baseline 

• T2_CIDA

• Attrition

• Censor_CIDA
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SAS Output from a CIDA Type 2 Analysis

• Signature

• Baseline 

• T2_CIDA

• Attrition

• Censor_CIDA
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Signature Output

• Provides metadata associated with the request

– Request identifiers

• Workplan number

• CIDA QRP Version

• Scenario count

• Input files referenced

– Database characteristics

• Data Partner max and min dates

• If ‘Patients to Exclude’ macro was utilized

• If data was frozen

– Run time metrics

• Execution time

• Start and stop time stamps
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Signature Output File: Example

…

Input 
files

Request 
identifiers

Run time and 
database 

information

QRP 
version
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SAS Output from a CIDA Type 2 Analysis

• Signature

• Baseline 

• T2_CIDA

• Attrition

• Censor_CIDA 
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Sex Year Covariates

User specified 
age categories

Baseline Output
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• Signature

• Baseline

• T2_CIDA

• Attrition

• Censor_CIDA 

SAS Output from a CIDA Type 2 Analysis
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T2_CIDA Output

Counts of
• New Episodes with an event
• All events

Relevant for Drug 
Dispensings

New 
Users

Days at 
Risk

Eligible 
Members

Eligible 
Member 

Days
New 

Episodes
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T2_CIDA Output

• Data reported overall and stratified by age group, sex, and year 

• Stratifications are user-defined
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• Signature

• Baseline 

• T2_CIDA

• Attrition

• Censor_CIDA 

SAS Output from a CIDA Type 2 Analysis
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Attrition Output (Patient Level)

• Includes the number of individuals excluded and remaining after each cohort criterion is 
applied during the CIDA tool execution

– Attrition repeats by GROUP (i.e., scenario) and is irrespective to other GROUPs

– Type and detailed description of criterion, eg ‘Exclusion - Members must satisfy the age range 
condition within the query period’
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Attrition: First Losses are Enrollment-based
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Attrition: Next Losses are Demographic
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Attrition: Next Losses are Index-related
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Attrition: Last Losses are Query-Specific
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• Signature

• Baseline 

• T2_CIDA

• Attrition

• Censor_CIDA 

SAS Output from a CIDA Type 2 Analysis
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Censor_CIDA Output
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DPLocal Files

• The DPLocal folder contains output generated by the request that remains with the Data 
Partner and may be used to facilitate follow-up queries

• Includes patient level information about the exposure or health outcome of interest 
(episode start/end dates, enrollment start/end dates, patid, etc)

• Denomcounts: source dataset for eligible members and member-days metrics for the 
T1_CIDA and T2_CIDA tables 

• Numcounts: source dataset for cohort metrics for the T#_CIDA table

• MSTR: 

– Generated for every type of cohort identification strategy (every Type in CIDA)

– Contains one record per individual per index date for every cohort specified

– Useful for investigating odd/outlier results
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MSTR Output (Excerpt)
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Questions?

info@sentinelsystem.org

mailto:info@sentinelsystem.org
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Parting Thoughts

• All materials to complete and run your package have been provided

• The documentation and public git are a resource 
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BACKUP
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Propensity Score Analysis Report
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Propensity Score Analysis 

• By assigning an exposure of interest and comparator, the type 2 output can be leveraged in 
an inferential analysis to: 

– Assign members a propensity score, based on user-defined criteria

– Calculate adjusted risk estimates using matching or stratification

• For each comparison, a Cox proportional hazards regression model is used to estimate 
hazard ratios and corresponding 95% confidence intervals

– There is an option for risk-set level return, and patient-level return 

• Propensity score analysis has a pre-processing step

– Each patient is ONLY allowed to be in either the treatment or comparator cohort
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Propensity Score Match Design Diagram

1/1/2008 12/31/2010
Index Date

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
• Include adults ages 18-65 at index 
• Do not restrict sex or race
• No chart availability restrictions

Enrollment
183-day Enrollment

45 Day Enrollment Gap
Medical and Drug Coverage

Covariate Evaluation Window 
183 days to 1 day prior to index

Exclusion 
Dementia 183 days to 0 day prior to index

Exposure Incidence
No typical or atypical AP in 183 days prior

Exposed Time
30 day gap/ext

Cohort Definition
First valid exposure episode; no cohort re-entry

Event Incidence
No stroke in 60 days prior

Propensity Score
• 1:1 Matching
• Caliper: 0.05
• Age, Sex
• Recorded History 

Parameters
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Propensity Score Adjustment Output

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/atoc-type2.md

Risk sets for entire 
sample and matched 

sample Baseline 
Characteristics

Indicators for 
Model 

Convergence

KM Survival 
Curve 

Creation

Pair-wise 
Correlation 
Coefficients

https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse/files/atoc-type2.md
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Unmatched Baseline Characteristics 
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Matched Baseline Characteristics 
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Risk Estimates
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Propensity Score Distribution 
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Kaplan Meier Survival Curve
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Cohort Codes File: Parameter T2_INDEX

FUT

Exposed Time

FUT (Follow-up Truncation):
Code defines truncation criteria

Index Date

Exposure Incidence

IOD

Exposed Time

IOD (Incidence Only Duration):
Code defines incidence criteria

Index Date

Exposure Incidence


