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Active Risk Identification and Analysis (ARIA)

ÅTemplate computer programs with standardized questions

ÅParameterized at program execution

ÅPre-tested and quality-checked 

ÅStandard output

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

ÅReview of Query Design 

ÅInterpretation of Report Contents

Topics

ɀBaseline Characteristics

ɀType 2 Report

ɀPropensity Score Analysis
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Develop Unadjusted Incidence Rates (Type 2)

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

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

ÅExample:

SGLT-2 Inhibitor Use and Incidence of Diabetic Ketoacidosis
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wŜŎŀǇ ƻŦ ǘƘƛǎ aƻǊƴƛƴƎΩǎ {Ŝǎǎƛƻƴ

ÅIntroduced our case study problem

ɀStroke following antipsychotics use

ÅEvaluated medical product utilization data

ɀSentinel Query Builder (Simplified Type 5 CIDA) Analysis Tool

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

ɀHow to parameterize the regulatory question
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Query Design

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

Typical Antipsychotic Dispensing
Event Outcome

Stroke

Episode Censored 
at Event

Cohort Characteristics
Å Include adults ages 18-65 at index 
Å Do not restrict sex or race
Å 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

ÅDefault output table characterizes each exposure/outcome scenario for:

ɀAge

ɀSex

ɀRace

ɀYear of exposure

ɀUser-defined conditions 

ɀMedical and drug utilization metrics

ɀComorbidity score

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

ÅTable 1s show baseline 
characteristics 

ÅBaseline table created for 
each exposure/outcome 
scenario (Tables 1a ς1d)

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?

ÅEligibleMembers,Member-Days,andMember-Years 

ɀReflectiveof the numberof membersthat met all cohortentry criteriaon at leastonedayduring
the queryperiod (i.e., those eligible for an index event)

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

ÅIn this query:

ɀ18-65 years

ɀMedical and drug coverage for 183 days

ɀNo exposure in -183 days (washout for exposure)

ɀNo stroke in -60 days (washout for outcome)

ɀNo 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

ÅAlgorithm 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 

Ą Eligible Members: 

Åҗмр ȅŜŀǊǎ

ÅMedical and drug coverage for 365 days

ÅNo lymphoma is -183 days (washout for cohort)

ÅBiopsy px code in +/- 90 days 

ÅImaging px code in +/- 90 days
*Health outcome of interest
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CIDA Denominators ςfor Types 1 and 2

ÅEligible members  

ɀNumber of members eligible for an index date 

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

ÅEligible member days

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

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

Å 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

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

ÅStratifications are user-defined.

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

ÅResults may also be stratified by defined covariates. 



22Sentinel Initiative   | 

Summary Counts by Year



23Sentinel Initiative   | 

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)

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

ÅCan be non-sequential or sequential.

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

ÅExample

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
Å Include adults ages 18-65 at index 
Å Do not restrict sex or race
Å 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
Å 1:1 Matching
Å Caliper: 0.05
Å Age, Sex
Å Recorded History 

Parameters
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Propensity Score Analysis 

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

ɀAssign members a propensity score, based on user-defined criteria

ɀCalculate adjusted risk estimates using matching or stratification

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

ÅThere is an option for risk-set level return, and patient-level return 
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Baseline Characteristics 
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Baseline Characteristics 
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Propensity Score Distribution 
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Risk Estimates
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Kaplan Meyer Survival Curve
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Attrition Table ςProposed revision

ÅReports the initial member count in a population

ÅReports 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

ÅSafety question

ÅBackground rate: drug utilization

ÅFeasibility assessment: incidence rate in target population

ÅComparative assessment: propensity score analysis

ÅRegulatory actions and publications
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ÅIn 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 

ñ ñ 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 

ñ ñ 1.43 (1.34-1.51) FGA: unexposed 

ñ ñ 2.3 (2.2-2.5) Prochlorperazine:unexp

osed 

FGA first generation antipsychotics, SGA second generation antipsychotics 
 

, stroke
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Study Questions

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

ÅDoes AP dose modify this risk, haloperidol in particular?

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

ÅDo 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
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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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Summary Table
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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: AtypicalAP

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 60days prior

Covariate SSRI use in 60days prior

Covariate (other) in 183 days prior



53Sentinel Initiative   | 

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

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

ÅDoes AP dose modify this risk, haloperidol in particular?

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

ÅDo 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
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Study Questions

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

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

ÅDoes AP dose modify this risk, haloperidol in particular?

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

ÅDo 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

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

ÅDoes AP dose modify this risk, haloperidol in particular?

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

ÅDo 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

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

ÅDoes AP dose modify this risk, haloperidol in particular?

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

ÅDo 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
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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

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

Ҧ Cƛƴŀƭ ŎƻƳǇŀǊƛǎƻƴΥ !t ǳǎŜǊǎ Ǿǎ Ȋ-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

ÅFDA decided that no action was 
necessary

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

ÅPresentation at the 2017 International 
Conference on Pharmacoepidemiology & 
Therapeutic Risk Management

ÅTaylor 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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CƻǊ aƻǊŜ LƴŦƻǊƳŀǘƛƻƴ Χ

https://www.sentinelinitiative.org/sites/default/files/Drugs/Assessments/Sentinel_Report_Antipsychotics_Stroke_PSM_1.pdf
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CƻǊ aƻǊŜ LƴŦƻǊƳŀǘƛƻƴ Χ

https://www.sentinelinitiative.org/sites/default/files/Drugs/Assessments/Sentinel_Report_Antipsychotics_Stroke_PSM_1.pdf
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CƻǊ aƻǊŜ LƴŦƻǊƳŀǘƛƻƴ Χ

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 ς2:30pm

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

ÅReview Sentinel Operations Center Process Flow

ÅCreate 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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wŜŎŀǇ ƻŦ ǘƘƛǎ aƻǊƴƛƴƎΩǎ {Ŝǎǎƛƻƴ

ÅIntroduced our case study problem

ɀStroke following antipsychotics use

ÅEvaluated medical product utilization data

ɀSentinel Query Builder (Simplified Type 5 CIDA) Analysis Tool

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

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

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

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

ÅExample:

SGLT-2 Inhibitor Use and Incidence of Diabetic Ketoacidosis
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