
OHDSI Study pipeline and 
Research experience using 

Common Data Model

Seng Chan You



Odyssey (noun): \oh-d-si\

1. A long journal full of adventures



The odyssey to evidence generation

Patient-level data 
in source 

system/schema

OHDSI (Observational Health Data 
Sciences and Informatics )



History of OHDSI

• OMOP (2008-2013) www.omop.org
– OMOP  = Observational Medical Outcomes Partnership
– Research on methods for drug safety evaluation

• Methods library developed; positive/negative drug outcome pairs
– Common Data Model (then, was a byproduct)

– Foundation for the NHI
• Transition to Reagan Udall Foundation for the FDA

• OHDSI (after 2013) www.ohdsi.org
– OHDSI = Observational Health Data Science and 

Informatics
– Continues to use the name ‘OMOP CDM’
– Community of researchers; public; non-pharma funded
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http://www.omop.org/
http://www.ohdsi.org/


New, script based input data mapping 
for every study
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Data standardization enables systematic 
research: Scalability across the World
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Why Common Data Model (CDM)?

Source 1 Source 2 Source 3

Research 1

Analytic 
Method

Results

Research 2

Analytic 
Method

Results

기존의다기관연구방법
연구 수행 때마다 데이터 모델을 맞추는 변환 작업을 수행해야 함



CDM in Distributed Research Network 

Analytic Methods
Analytic Methods

Source 1 Source 2 Source 3

공통데이터모델 Common Data Model

Analytic Methods Aggregated
Results

Analytic 
Method

Results

Analytic 
Method

Results

Analytic 
Method

Results

다기관데이터통합분석

EMR자료연계

민감개인정보유출없음

공통분석코드이용가능



How OHDSI works
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• OHDSI projects was initiated to improve health, by 
empowering a community to collaboratively 
generate the evidence with adopting OMOP CDM to 
aggregate health data across world

OHDSI



Mission, Vision, and Values of OHDSI

• Our Mission
To improve health by empowering a community 
to collaboratively generate the evidence that 
promotes better health decisions and better 
care.
• Our Vision
A world in which observational research 
produces a comprehensive understanding of 
health and disease.
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Objectives of OHDSI
• Innovation 혁신성: Observational research is a field which will benefit greatly from disruptive 

thinking. We actively seek and encourage fresh methodological approaches in our work.

• Reproducibility 재현성: Accurate, reproducible, and well-calibrated evidence is necessary for 
health improvement.

• Openness 개방성: We strive to make all our community’s proceeds open and publicly accessible, 
including the methods, tools and the evidence that we generate.

• Community 공동체정신: Everyone is welcome to actively participate in OHDSI, whether you 
are a patient, a health professional, a researcher, or someone who simply believes in our cause.

• Collaboration 협력정신: We work collectively to prioritize and address the real world needs of 
our community’s participants.

• Beneficence 선행의정신: We seek to protect the rights of individuals and organizations within 
our community at all times.

12



Objectives of OHDSI
• Innovation 혁신성
• Reproducibility 재현성
• Openness 개방성
• Community 공동체정신
• Collaboration 협력정신
• Beneficence 선행의정신

è Collaborative International Community for 
Open Science and federated Reproducible 
Research
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What evidence does OHDSI seek to 
generate from observational data?

• Clinical characterization

– Natural history: Who are the patients who have diabetes? Among those patients, who takes metformin?

– Quality improvement: What proportion of patients with diabetes experience disease-related complications?

• Population-level estimation

– Safety surveillance: Does metformin cause lactic acidosis?

– Comparative effectiveness: Does metformin cause lactic acidosis more than glyburide?

• Patient-level prediction

– Precision medicine: Given everything you know about me and my medical history, if I start taking 

metformin, what is the chance that I am going to have lactic acidosis in the next year?

– Disease interception: Given everything you know about me, what is the chance I will develop diabetes?



OHDSI Methods Library for Medical researchers

s

New-user cohort studies using 
large-scale regression for 
propensity and outcome 
models

Cohort Method

s

Self-Controlled Case Series 
analysis using few or many 
predictors, includes splines for 
age and seasonality.

Self-Controlled Case Series

s

A self-controlled cohort 
design, where time preceding 
exposure is used as control.

Self-Controlled Cohort

s

A self-controlled design, but 
using temporal patterns 
around other exposures and 
outcomes to correct for time-
varying confounding.

IC Temporal Pattern Disc.

s

Build and evaluate predictive 
models for user-specified 
outcomes, using a wide array 
of machine learning 
algorithms.

Patient Level Prediction

s

Use negative control 
exposure-outcome pairs to 
profile and calibrate a 
particular analysis design.

Empirical Calibration

s

Use real data and established 
reference sets as well as 
simulations injected in real 
data to evaluate the 
performance of methods.

Method Evaluation

s

Connect directly to a wide 
range of database platforms, 
including SQL Server, Oracle, 
and PostgreSQL.

Database Connector

s

Generate SQL on the fly for 
the various SQL dialects.

Sql Render

s

Highly efficient 
implementation of regularized 
logistic, Poisson and Cox 
regression.

Cyclops

s

Support tools that didn’t fit 
other categories, including 
tools for maintaining R 
libraries.

Ohdsi R Tools
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Under construction

s

Automatically extract large 
sets of features for user-
specified cohorts using data in 
the CDM.

Feature Extraction

s

Case-control studies, 
matching controls on age, 
gender, provider, and visit 
date. Allows nesting of the 
study in another cohort.

Case-control

s

Case-crossover design 
including the option to adjust 
for time-trends in exposures 
(so-called case-time-control).

Case-crossover



What do epi studies currently look like?
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Data set

Paper



A journey from data set to paper
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Most epidemiologists view a study as a journey from data set to paper.
- The protocol might be your map
- You will come across obstacles that you will have to overcome
- Several steps will require manual intervention
- In the end, it will be impossible to retrace your exact steps



What should OHDSI studies look like?
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A study should be like a pipeline
- A fully automated process from database to paper
- ‘Performing a study’ = building the pipeline

Database Paper



OHDSI best practices

1

2

19



General principles
• Prespecify what you're going to estimate and how: this will avoid hidden 

multiple testing (publication bias, p-value hacking). Run your analysis only 
once.

• Validation of your analysis: you should have evidence that your analysis 
does what you say it does (showing that statistics that are produced have 
nominal operating characteristics (e.g. p-value calibration), showing that 
specific important assumptions are met (e.g. covariate balance), using unit 
tests to validate pieces of code, etc.)

• Transparency: others should be able to reproduce your study in every 
detail using the information you provide.
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Best practices 
(generic)

• Write a full protocol, and make it public prior to running the study
– Research question + hypotheses to be tested
– Which method(s), data, cohort definitions. What is the primary analyses and what are 

sensitivity analyses?
– Quality control
– Amendments and Updates

• Validate all code used to produce estimates. The purpose of validation is to ensure 
the code is doing what we require it to do. Possible options are:

– Unit testing
– Simulation
– Double coding
– Code review

• Include negative controls (exposure-outcome pairs where we believe there is no 
effect)

• Produce calibrated p-values
• Make all analysis code available as open source so others can easily replicate your 

study
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Study Pipeline 1. Define cohort: A database is full of 
cohorts, some of which may represent valid comparisons



Study Pipeline 1. Define cohort

• CIRCE [ATLAS]

23http://128.1.99.155:8080/Atlas/



Study Pipeline 1. Define cohort

• CIRCE [ATLAS]

24http://128.1.99.155:8080/Atlas/



Study Pipeline 2. Database connection / Cohort 
extraction
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Study Pipeline 3. Define the statistical model and 
Compare
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Study Pipeline 3. Define the statistical model and 
Compare
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Study Pipeline 3. Define the statistical model and 
Compare

28



Study Pipeline 4. Recruiting data 
partners and Aggregating their results

• Recruiting data partners
– Posting on Forum
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4. Recruiting data partners and 
Aggregating their results
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Duke et al. Epilepsia (2017)



Our experience

• Head-to-head comparison of the mortality risk 
of combination anti-hypertensive regimens
among patients without high risk for 
cardiovascular event

• AIM
– To compare the mortality risk of combination 

regimens among patients initiating 
antihypertensive treatment

– Analysis based on CDM for reproducible research
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Method: Statistics

• Large scale propensity score matching
– Caliper: 0.15
– Max Ratio: 1:1
– Univariate Cox regression with stratification

• Sensitivity analysis
– Same analysis on patients with various minimum 

periods (30, 365,730 days) of continuing the drug 
regimen

• Analytic R code is available for reproducible research:
https://github.com/OHDSI/StudyProtocolSandbox/tree/master/HypertensionCombi
nation

Martijn J. Schuemie, Marc A. Suchard and Patrick B. Ryan (2017). CohortMethod: New-user cohort 
method with large scale propensity and outcome models. R package version 2.4.3.



Method: study population 

• NHIS-national sample cohort (NHIS-NSC) DB
– Consecutive observation for 1M patients who were 

randomly sampled from whole Korean population 
between 2002-2013

– converted into OMOP Common Data Model version 5.0

Lee et al., 
Int J Epidemiol. 
2016



Method: inclusion algorithm

• Inclusion criteria
– Adults (>=20 years) who used dual anti-hypertensive drugs within 30 days for treating 

hypertension
– 180 days or more consecutive days of the two-drug prescription
– At least 365 days of pre-observation period before initiating the drugs. (preventing left-

censoring)

• Exclusion criteria
– Prescription with anti-hypertensive medication during previous one year
– Any diagnosis for ischemic heart disease, heart failure, stroke, and death before drug 

initiation
– Use other anti-hypertensive drugs except the two before or within 180 days after drug 

initiation



Method: outcomes

• Primary Outcome: All-cause mortality 
• Secondary outcome:

– Cardiovascular death
– Newly developed myocardial infarction (MI)
– Newly developed heart failure (HF)
– Newly developed stroke
– MACCE (MI+HF+Stroke+Any death)



Result: baseline characteristics after matching

A+C vs A+D C+D vs A+C C+D vs A+D

A+C 
(n=4751)

A+D 
(n=4751) SD C+D 

(n=1739)
A+C 

(n=1739) SD C+D 
(n=2382)

A+D 
(n=2382) SD

Female, n (%)
2065 (43.5) 1932 (40.7) 0.06 859 (49.5) 882 (50.8) -0.03 1340 (56.4) 1354 (57.0) 0.01

DM, n (%)
1593 (33.5) 1581 (33.3) 0.01 264 (15.2) 243 (14.0) 0.03 591 (24.9) 532 (22.4) 0.06

CKD, n (%)
111 (2.3) 79 (1.7) 0.05 30 (1.7) 21 (1.2) 0.04 33 (1.4) 20 (1.0) 0.05

Dyslipidemia, n 
(%) 2249 (47.3) 2252 (47.4) 0.00 577 (33.3) 510 (29.4) 0.08 706 (29.7) 655 (27.6) 0.05

CCI, mean
2.6 2.5 0.03 2.1 1.9 0.08 1.9 1.7 0.11

DM, diabetes mellitus; CKD, chronic kidney disease; AF, atrial fibrillation; CCI, Charlson comorbidity index



Result: Primary endpoint (All-cause 
mortality) in NHIS

P = 0.465 P = 0.465 P = 0.478
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A+C A+D C+D A+C C+D A+D



Result: Primary endpoint (All-cause mortality)

Result: All-cause mortality between dual combination treatment group after large scale 
propensity score matching (Minimum drug period : 180 days)

Active drug group Comparator group
Number of 

active group
after matching

Number of 
comparator group 

after matching

Hazard 
ratio 95% CI P value

A+C A+D 4751 4751 1.11 0.84-1.49 0.465

C+D A+C 1739 1739 1.03 0.71-1.33 0.465

C+D A+D 2382 2382 1.09 0.85-1.41 0.478

Abbreviations: CI, confidential interval; A, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; 
B, β-blocker; C, calcium channel blocker; D, thiazide-diuretics; CV, cardiovascular

There is no difference in mortality between dual 
combination of anti-hypertensive medication



OHDSI study: comparison of 
combination treatment in hypertension



OHDSI study: comparison of 
combination treatment in hypertension



OHDSI study: comparison of 
combination treatment in hypertension



Result: Primary endpoint (All-cause 
mortality) in US (medicaid & medicare))

42

A+C A+D C+D A+C C+D A+D



Result: Primary endpoint (All-cause mortality)

There is no difference in mortality between dual 
combination of anti-hypertensive medication

SCYou et al., Korean Circulation Journal
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Large-Scale Evidence Generation 
and Evaluation in a Network of 

Databases (LEGEND)

Patrick Ryan, Martijn Schuemie, Marc Suchard
on behalf of the LEGEND team

OHDSI Symposium
12 October 2018
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What’s in a guideline?

4

56 pages
containing

106 recommendations



466Whelton et al., Hypertension 2018
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For initiation of antihypertensive drug 
therapy, how SHOULD patients be treated?

What evidence do we have about the 
comparative effects about alternative 

antihypertensive drugs?

11
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1240 RCTs comparing 2 or 
more of the 57 listed drugs
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RCT evidence about comparative effectiveness for 
myocardial infarction

13

TC

RCTs used 
in meta-
analysis

Random-
effects MA 
RR (95% CI)

Reboussin et al., Hypertension 2018
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Dissecting the comparative evidence
of ACE vs THZ on AMI

14

ACE THZ

Comparator Target

ALLHAT, ANBP2, PHYLLIS
1.2 (0.78-2.0)
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Published observational study results

4

Effect size

Suspicious cutoff at p=0.05
• Publication bias (leads to false positives)
• P-hacking (leads to false positives)



5212
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Building the process to generate 
the evidence

13
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LEGEND Guiding Principles
1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. Evidence will be generated by consistently applying a systematic approach 
across all research questions.

4. The evidence will be generated using a pre-specified analysis design.

5. The evidence will be generated using open source software that is freely 
available to all.

6. The evidence generation process will be empirically evaluated by including 
control research questions where the true effect size is known.

7. The evidence will be generated using best-practices.

8. LEGEND will not be used to evaluate methods.

9. The evidence will be updated on a regular basis.

10. No patient-level data will be shared between sites in the network, only 
aggregated data.

14
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What would the ‘target trial’ look like to 
compare efficacy of two initial therapies?

26

CTD

HCTZ
Eligibility criteria:
• Diagnosed with hypertension 

in 1 year prior to index
• No prior antihypertensive drug 

use anytime prior to index

Index: 
Time zero

Medical history lookback time Follow-up time

Causal contrasts of interest:
• Intent-to-treat effect
• On-treatment effect

randomization

CTD

HCTZ

Outcomes:
• Efficacy:

• Myocardial infarction
• Stroke
• Heart Failure

• Safety: 
• Known or potential 

adverse events, e.g.
• Acute renal failure
• Angioedema
• Cough
• Diarrhea
• Fall
• Gout
• Headache
• Hyperkalemia
• Hyponatremia
• Hypotension
• Impotence
• Syncope
• Vertigo

Analysis plan:
• Time-to-first-event analysis
• Cox proportional hazards

Treatment strategies:
• Monotherapy with 

chlorthalidone (CTD)
• Monotherapy with 

hydrochlorothiazide (HCTZ)
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Observational study to compare 

two initial therapies

20

ACE

ARB

Eligibility criteria:
• Diagnosed with hypertension 

in 1 year prior to index

• No prior antihypertensive drug 

use anytime prior to index

Index: 

Time zero

Medical history lookback time Follow-up time

Causal contrasts of interest:
• Intent-to-treat effect

• On-treatment effect

PS adjustment

ACE

ARB

Outcomes:
• Efficacy:

• Myocardial infarction

• Stroke

• Heart Failure

• Safety: 

• Known or potential 

adverse events, e.g.

• Acute renal failure

• Angioedema

• Cough

• Diarrhea

• Fall

• Gout

• Headache

• Hyperkalemia

• Hyponatremia

• Hypotension

• Impotence

• Syncope

• Vertigo

Analysis plan:
• Time-to-first-event analysis

• Cox proportional hazards

Treatment strategies:
• Monotherapy with ACE

• Monotherapy with ARB
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Hypertension mono-therapy

21

Duo-therapy

Truven Health MarketScan CCAE. Therapies > 2 ingredients not shown
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Comparisons of hypertension 
treatments

Theoretical Observed (n > 2,500)
Single ingredients 58 39
Single ingredient comparisons 58 * 57 = 3,306 1,296
Single drug classes 15 13
Single class comparisons 15 * 14 = 210 156

22
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Comparisons of hypertension 
treatments

Theoretical Observed (n > 2,500)
Single ingredients 58 39
Single ingredient comparisons 58 * 57 = 3,306 1,296
Single drug classes 15 13
Single class comparisons 15 * 14 = 210 156
Dual ingredients 58 * 57 / 2 = 1,653 58
Single vs duo drug comparisons 58 * 1,653 = 95,874 3,810
Dual classes 15 * 14 / 2  = 105 32
Single vs duo class comparisons 15 * 105 = 1,575 832
Duo vs duo drug comparisons 1,653 * 1,652 = 2,730,756 2,784
Duo vs duo class comparisons 105 * 104 = 10,920 992
… … …

Total comparisons 2,843,250 10,278

28
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LEGEND knowledge base for hypertension

Head-to-head HTN drug comparisons
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N = 102 � [1148]� 33K
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LEGEND results

40
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Depression results publicly available
http://data.ohdsi.org/SystematicEvidence/

11
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ever, in the ticagrelor group, there was a higher 
rate of non–CABG-related major bleeding ac-
cording to the study criteria (4.5% vs. 3.8%, 
P = 0.03) and the TIMI criteria (2.8% vs. 2.2%, 
P = 0.03) (Fig. 3 in the Supplementary Appendix). 
With ticagrelor as compared with clopidogrel, 
there were more episodes of intracranial bleed-
ing (26 [0.3%] vs. 14 [0.2%], P = 0.06), including 
fatal intracranial bleeding (11 [0.1%] vs. 1 [0.01%], 
P = 0.02). However, there were fewer episodes of 
other types of fatal bleeding in the ticagrelor 
group (9 [0.1%], vs. 21 [0.3%] in the clopidogrel 
group; P = 0.03) (Table 4).

Other Adverse Events
Dyspnea was more common in the ticagrelor 
group than in the clopidogrel group (in 13.8% of 
patients vs. 7.8%) (Table 4). Few patients discon-
tinued the study drug because of dyspnea (0.9% 
of patients in the ticagrelor group and 0.1% in 
the clopidogrel group).

Holter monitoring was performed for a me-
dian of 6 days during the first week in 2866 
patients and was repeated at 30 days in 1991 
patients. There was a higher incidence of ven-
tricular pauses in the first week, but not at day 30, 
in the ticagrelor group than in the clopidogrel 
group (Table 4). Pauses were rarely associated 
with symptoms; the two treatment groups did 
not differ significantly with respect to the inci-
dence of syncope or pacemaker implantation 
(Table 4).

Discontinuation of the study drug due to ad-
verse events occurred more frequently with ti-
cagrelor than with clopidogrel (in 7.4% of pa-
tients vs. 6.0%, P<0.001) (Table 2). The levels of 
creatinine and uric acid increased slightly more 
during the treatment period with ticagrelor than 
with clopidogrel (Table 4).

Discussion

PLATO shows that treatment with ticagrelor as 
compared with clopidogrel in patients with acute 
coronary syndromes significantly reduced the 
rate of death from vascular causes, myocardial 
infarction, or stroke. A similar benefit was seen 
for the individual components of death from vas-
cular causes and myocardial infarction, but not 
for stroke. The beneficial effects of ticagrelor 
were achieved without a significant increase in 
the rate of major bleeding.

The benefits of ticagrelor over clopidogrel 

were seen in patients who had an acute coronary 
syndrome with or without ST-segment elevation. 
Previous trials have shown benefits of clopidogrel 
in the same clinical settings.8,17-19 The advantages 
were seen regardless of whether patients had re-
ceived appropriate initiation of treatment with the 
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Figure 1. Cumulative Kaplan–Meier Estimates of the Time to the First  
Adjudicated Occurrence of the Primary Efficacy End Point.

The primary end point — a composite of death from vascular causes, myo-
cardial infarction, or stroke — occurred significantly less often in the ti-
cagrelor group than in the clopidogrel group (9.8% vs. 11.7% at 12 months; 
hazard ratio, 0.84; 95% confidence interval, 0.77 to 0.92; P<0.001).
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Figure 2. Cumulative Kaplan–Meier Estimates of the Time to the First Major 
Bleeding End Point, According to the Study Criteria.

The time was estimated from the first dose of the study drug in the safety 
population. The hazard ratio for major bleeding, defined according to the 
study criteria, for the ticagrelor group as compared with the clopidogrel 
group was 1.04 (95% confidence interval, 0.95 to 1.13).
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currently recommended higher loading dose of 
clopidogrel and regardless of whether invasive or 
noninvasive management was planned.20-25 The 
treatment effects were the same in the short term 
(days 0 to 30) and in the longer term (days 31 to 

360). This duration of treatment benefit has also 
been shown with clopidogrel.26 Thus, ticagrelor 
appears to expand on the previously demonstrat-
ed benefits of clopidogrel across the spectrum of 
acute coronary syndromes.

Table 4. Safety of the Study Drugs.*

End Point
Ticagrelor  

Group
Clopidogrel  

Group

Hazard or Odds  
Ratio for Ticagrelor 
Group (95% CI)† P Value

Primary safety end points — no./total no. (%)

Major bleeding, study criteria 961/9235 (11.6) 929/9186 (11.2) 1.04 (0.95–1.13) 0.43

Major bleeding, TIMI criteria‡ 657/9235 (7.9) 638/9186 (7.7) 1.03 (0.93–1.15) 0.57

Bleeding requiring red-cell transfusion 818/9235 (8.9) 809/9186 (8.9) 1.00 (0.91–1.11) 0.96

Life-threatening or fatal bleeding, study criteria 491/9235 (5.8) 480/9186 (5.8) 1.03 (0.90–1.16) 0.70

Fatal bleeding 20/9235 (0.3) 23/9186 (0.3) 0.87 (0.48–1.59) 0.66

Nonintracranial fatal bleeding 9/9235 (0.1) 21/9186 (0.3) 0.03

Intracranial bleeding 26/9235 (0.3) 14/9186 (0.2) 1.87 (0.98–3.58) 0.06

Fatal 11/9235 (0.1) 1/9186 (0.01) 0.02

Nonfatal 15/9235 (0.2) 13/9186 (0.2) 0.69

Secondary safety end points — no./total no. (%)

Non–CABG-related major bleeding, study criteria 362/9235 (4.5) 306/9186 (3.8) 1.19 (1.02–1.38) 0.03

Non–CABG-related major bleeding, TIMI criteria 221/9235 (2.8) 177/9186 (2.2) 1.25 (1.03, 1.53) 0.03

CABG-related major bleeding, study criteria 619/9235 (7.4) 654/9186 (7.9) 0.95 (0.85–1.06) 0.32

CABG-related major bleeding, TIMI criteria 446/9235 (5.3) 476/9186 (5.8) 0.94 (0.82–1.07) 0.32

Major or minor bleeding, study criteria 1339/9235 (16.1) 1215/9186 (14.6) 1.11 (1.03–1.20) 0.008

Major or minor bleeding, TIMI criteria‡ 946/9235 (11.4) 906/9186 (10.9) 1.05 (0.96–1.15) 0.33

Dyspnea — no./total no. (%)

Any 1270/9235 (13.8) 721/9186 (7.8) 1.84 (1.68–2.02) <0.001

Requiring discontinuation of study treatment 79/9235 (0.9) 13/9186 (0.1)  6.12 (3.41–11.01) <0.001

Bradycardia — no./total no. (%)

Pacemaker insertion 82/9235 (0.9) 79/9186 (0.9) 0.87

Syncope 100/9235 (1.1) 76/9186 (0.8) 0.08

Bradycardia 409/9235 (4.4) 372/9186 (4.0) 0.21

Heart block 67/9235 (0.7) 66/9186 (0.7) 1.00

Holter monitoring — no./total no. (%)

First week

Ventricular pauses ≥3 sec 84/1451 (5.8) 51/1415 (3.6) 0.01

Ventricular pauses ≥5 sec 29/1451 (2.0) 17/1415 (1.2) 0.10

At 30 days

Ventricular pauses ≥3 sec 21/985 (2.1) 17/1006 (1.7) 0.52

Ventricular pauses ≥5 sec 8/985 (0.8) 6/1006 (0.6) 0.60

Neoplasm arising during treatment — no. of patients/ 
total no. (%)

Any 132/9235 (1.4) 155/9186 (1.7) 0.17

Malignant 115/9235 (1.2) 121/9186 (1.3) 0.69

Benign 18/9235 (0.2) 35/9186 (0.4) 0.02
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Current clinical guideline for DAPT in ACS 
solely based on PLATO trial

2017 ESC/EACTS DAPT guideline 
3.3. Specific P2Y12 Inhibitors: Recommendations

See Online Data Supplement 5 for evidence supporting
these recommendations.

In the PLATO (Platelet Inhibition and Patient Out-
comes) trial (53), patients with ACS were treated with
either medical therapy alone or medical therapy plus
PCI. Treatment with ticagrelor 90 mg twice daily,
compared with clopidogrel 75 mg once daily, resulted in
fewer ischemic complications and stent thromboses but
more frequent non–CABG-related bleeding (Data
Supplement 5). In the TRITON-TIMI 38 (Therapeutic
Outcomes by Optimizing Platelet Inhibition With Pra-
sugrel–Thrombolysis In Myocardial Infarction 38) (54)
study, patients with ACS undergoing planned PCI were
treated with prasugrel 10 mg daily, compared with clo-
pidogrel 75 mg daily. Prasugrel treatment resulted in
fewer ischemic complications and stent thromboses but
more frequent bleeding, including life-threatening and
fatal bleeding. Because of increased rates of major
bleeding with prasugrel (compared with clopidogrel),
there was no net benefit of prasugrel therapy in
those $75 years of age and those <60 kg, and there was
net harm (including increased risk of intracranial
hemorrhage) in those with prior stroke or transient
ischemic attack (TIA). The Class IIa preferential recom-
mendations for ticagrelor 90 mg twice daily and for
prasugrel 10 mg once daily (compared with clopidogrel)
in the 2014 Non–ST-Elevation Acute Coronary Syn-
dromes (NSTE-ACS) guideline are continued in this
focused update and are now included in relevant PCI
and ST-Elevation Myocardial Infarction (STEMI) recom-
mendations, as well.

In the PEGASUS-TIMI 54 study of post-MI patients, both
60-mg and 90-mg twice-daily doses of ticagrelor were
evaluated (28). The benefit/risk ratio appears to be
numerically more favorable for the 60-mg dose, although
no formal statistical comparison was made between
results of the 2 dosing regimens. The 60-mg twice-daily
dose has now been approved by the US Food and Drug

Administration for reduction in ischemic events in patients
with ACS or a history of MI (73).

3.4. Platelet Function Testing, Genetic Testing, and Switching
of P2Y12 Inhibitors

The role of platelet function testing and genetic testing in
patients treated with DAPT is addressed in the 2011 ACCF/
AHA/SCAI PCI guideline and the 2014 ACC/AHA NSTE-ACS
guideline (9,14). To date, no RCT has demonstrated that
routine platelet function testing or genetic testing to
guide P2Y12 inhibitor therapy improves outcome; thus,
the routine use of platelet function and genetic testing is
not recommended (Class III: No Benefit).

No randomized data are available on the long-term
safety or efficacy of “switching” patients treated for
weeks or months with a P2Y12 inhibitor to a different P2Y12

inhibitor.

3.5. Proton Pump Inhibitors and DAPT

The use of proton pump inhibitors (PPIs) in patients
treated with DAPT is discussed in a 2010 ACCF/ACG/AHA
expert consensus document (74). Recommendations on
the use of PPIs are given in the 2011 ACCF/AHA/SCAI PCI
guideline (9). PPIs should be used in patients with a history
of prior gastrointestinal bleeding treated with DAPT (Class
I). In patients with increased risk of gastrointestinal
bleeding, including those with advanced age and those
with concomitant use of warfarin, steroids, or nonsteroidal
anti-inflammatory drugs, use of PPIs is reasonable (Class
IIa). Routine use of PPIs is not recommended for patients at
low risk of gastrointestinal bleeding (Class III: No Benefit).

3.6. Aspirin Dosing in Patients Treated With DAPT:
Recommendation

See Online Data Supplement 6 for evidence supporting this
recommendation.

Recommendations for Specific P2Y12 Inhibitors

COR LOE RECOMMENDATIONS

IIa B-R
In patients with ACS (NSTE-ACS or STEMI) treated with DAPT after coronary stent implantation and in patients with
NSTE-ACS treated with medical therapy alone (without revascularization), it is reasonable to use ticagrelor in
preference to clopidogrel for maintenance P2Y12 inhibitor therapy (53,71,72).

IIa B-R
In patients with ACS (NSTE-ACS or STEMI) treated with DAPT after coronary stent implantation who are not at high
risk for bleeding complications and who do not have a history of stroke or TIA, it is reasonable to choose prasugrel
over clopidogrel for maintenance P2Y12 inhibitor therapy (54,55).

III: Harm B-R
Prasugrel should not be administered to patients with a prior history of stroke or TIA (54).

Levine et al. J A C C V O L . 6 8 , N O . 1 0 , 2 0 1 6
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PLATO trial did not demonstrate superiority 
of Ticagrelor in North America and Asia
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Objectives

• Compare risk of net adverse clinical event
(NACE) between ticagrelor and clopidogrel
in patients with Acute Coronary Syndrome
(ACS) following percutaneous coronary
intervention (PCI) through OHDSI network.



Method: Study Population

• Inclusion Criteria
– Adults (>=20 yrs) who initiated ticagrelor or 

clopidogrel due to acute coronary syndrome (ACS) 
and undertook percutaneous coronary 
intervention (PCI)

• Exclusion Criteria
– Prior history of stroke or gastrointestinal bleeding
– Use of prasugrel or opposing drug within previous 

30 days from index date

71https://github.com/ohdsi-studies/TicagrelorVsClopidogrel



Method: Outcome
Primary endpoint: Net Adverse Clinical Event (NACE)
• Composite of recurrent myocardial infarction, any 

revascularization, ischemic stroke, intracranial hemorrhage, 
or gastrointestinal bleeding

Secondary endpoint
• Ischemic Event
– Recurrent myocardial infarction
– Any revascularization (PCI + CABG)
– Ischemic stroke

• Hemorrhagic Event (major bleeding)
– Intracranial hemorrhage
– Gastrointestinal bleeding

• Overall death
• Dyspnea (Positive control)

72https://github.com/ohdsi-studies/TicagrelorVsClopidogrel



Method: Statistical Analysis

• Primary analysis
– Time windows: From 1 day to 365 days after the index date
– Unconditioned Cox regression after 1-to-1 PS matching

• Sensitivity analyses
– Time windows

• On-treatment
• 5-year

– Statistical analysis
• 1-to-1 PS matching with blanking period of outcome (28 days)
• Variable-ratio PS matching
• PS stratification

• Assessment of systemic errors
– 96 Negative controls

73https://github.com/ohdsi-studies/TicagrelorVsClopidogrel



Method

• Data source
– Optum Pan-Therapeutics (PanTher) : USA, EHR (86M)
– IQVIA’s Hospital data : USA, EHR (85M)
– HIRA: South Korea, Nationwide Claim for patients 

undertaking PCI (0.4M)

https://github.com/ohdsi-studies/TicagrelorVsClopidogrel



Proportion of ticagrelor across years 
and drug adherence in Korea

75

Days of Drug 
Continuation 1Q Median 3Q

Ticagrelor 38 132 363

Clopidogrel 78 232 566

Proportion of Ticagrelor user 
among whole study population

Days of continuation of 
ticagrelor and clopidogrel



Balance before and after PS matching 
and Systematic error control
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Primary endpoint: 1-year NACE

77



Consistency in the results of the primary 
endpoint in sensitivity analyses
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Summary

• There appears to be no significant difference 
in 1-year NACE risk between ticagrelor and 
clopidogrel users with ACS following PCI

• The  findings for primary endpoint were 
consistent across sensitivity analyses

• Ticagrelor is associated with higher risk of 
hemorrhagic events and dyspnea.
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• Main homepage
– www.ohdsi.org

• 2019 OHDSI Symposium
– Sep. 15-17th
– Bethesda

• Github
– https://github.com/OHDSI

• OHDSI Community meeting: 1AM (Korean time), Wed
– http://www.ohdsi.org/web/wiki/doku.php?id=projects:ohdsi_community

• Workgroup meeting
– Eastern hemisphere meeting: 4PM (Korean time), Wed, 

• Population-Level estimating workgroup: 
http://www.ohdsi.org/web/wiki/doku.php?id=projects:workgroups:est-methods

• Patient-Level prediction workgroup: 
http://www.ohdsi.org/web/wiki/doku.php?id=projects:workgroups:patient-
level_prediction

Please, Join the Journey

http://www.ohdsi.org/
https://github.com/OHDSI
http://www.ohdsi.org/web/wiki/doku.php?id=projects:ohdsi_community
http://www.ohdsi.org/web/wiki/doku.php?id=projects:workgroups:est-methods
http://www.ohdsi.org/web/wiki/doku.php?id=projects:workgroups:patient-level_prediction


• Forum
– http://forums.ohdsi.org/

• OHDSI in Korea Forum
– http://forums.ohdsi.org/c/For-collaborators-

wishing-to-communicate-in-Korean

Please, Join the Journey

http://forums.ohdsi.org/
http://forums.ohdsi.org/c/For-collaborators-wishing-to-communicate-in-Korean
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The Book of OHDSI
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https://ohdsi-korea.github.io/
TheBookOfOhdsiKorea

https://ohdsi-korea.github.io/TheBookOfOhdsiKorea
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