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Global epidemic of hypertension

Men Women

Age-adjusted prevalence of hypertension in adults, 2015

NCD Risk Factor Collaboration, Lancet, 2017



50% of the global hypertension population live in Asia

• Region with the largest 
population of hypertension

• Marked increase from 1975 
to 2015

• Mostly due to change in 
population size and age 
structure

NCD Risk Factor Collaboration, Lancet, 2017



OHDSI in response to hypertension epidemic
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OHDSI in response to hypertension epidemic

OHDSI study on hypertension 
monotherapies (LEGEND-HTN)
However….
Ø For many patients, BP control goal not 

achieved by monotherapies 
Ø Uncertainty about the optimal 2nd drug 

added to monotherapies
Ø Lack of high-quality evidence from RCT
Ø Inability for guideline to recommend 

preferred drug for treatment escalation 
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Study objective

As an extension of the LEGEND-HTN initiative, we aim to develop, 
implement and execute a systematic, large-scale observational 
study that provides comprehensive comparisons of dual 
combinations of four major antihypertensive agent classes for 
treatment escalation. 



Study Aims

• Aim 1: To describe real-world utilization of dual antihypertensive combination 
therapies for treatment escalation among people with hypertension, overall and across 
subgroups by age, sex, history of CVD, and country. 

• Aim 2: To determine real-world effectiveness of dual antihypertensive combination 
therapies for treatment escalation on nine effectiveness outcomes.

• Aim 3: To determine real-world risks of adverse events and benefits on 46 safety 
outcomes. 

Full study protocol will be available on GitHub soon.



Study design

• Active comparator, new-user 
cohort design 

• Model the study on LEGEND-
HTN Lancet paper

• Apply LEGEND guiding principles

Schuemie et al, JAMIA, 2020



Cohort definition 



Twelve exposure cohorts

Cohort # 1st Drug 2nd Drug
1 ACEi/ARB CCB
2 CCB ACEi/ARB 
3 ACEi/ARB Diuretic 
4 Diuretic ACEi/ARB 
5 ACEi/ARB B-blocker 
6 B-blocker ACEi/ARB 
7 CCB Diuretic 
8 Diuretic CCB 
9 CCB B-blocker 

10 B-blocker CCB 
11 Diuretic B-blocker 
12 B-blocker Diuretic 



Public Atlas Links to 12 Cohorts 

Cohort # 1st Drug 2nd Drug Atlas Cohort links
1 ACEi/ARB CCB http://atlas-demo.ohdsi.org/#/cohortdefinition/1775040
2 CCB ACEi/ARB http://atlas-demo.ohdsi.org/#/cohortdefinition/1775041
3 ACEi/ARB Diuretic http://atlas-demo.ohdsi.org/#/cohortdefinition/1775042
4 Diuretic ACEi/ARB http://atlas-demo.ohdsi.org/#/cohortdefinition/1775043
5 ACEi/ARB B-blocker http://atlas-demo.ohdsi.org/#/cohortdefinition/1775044
6 B-blocker ACEi/ARB http://atlas-demo.ohdsi.org/#/cohortdefinition/1775045
7 CCB Diuretic http://atlas-demo.ohdsi.org/#/cohortdefinition/1775046
8 Diuretic CCB http://atlas-demo.ohdsi.org/#/cohortdefinition/1775047
9 CCB B-blocker http://atlas-demo.ohdsi.org/#/cohortdefinition/1775048
10 B-blocker CCB http://atlas-demo.ohdsi.org/#/cohortdefinition/1775049
11 Diuretic B-blocker http://atlas-demo.ohdsi.org/#/cohortdefinition/1775050
12 B-blocker Diuretic http://atlas-demo.ohdsi.org/#/cohortdefinition/1775051
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Eight comparisons

Target cohort Comparator cohort
ACEi/ARB + CCB ACEi/ARB + Diuretics 
ACEi/ARB + CCB ACEi/ARB + B-blocker 

B-blocker + ACEi/ARB B-blocker + CCB 
B-blocker + ACEi/ARB B-blocker + Diuretics

CCB + ACEi/ARB CCB + Diuretics 
CCB + ACEi/ARB CCB + B-blocker 

Diuretics + ACEi/ARB Diuretics + B-blocker 
Diuretics + ACEi/ARB Diuretics + CCB 

July 20, 2020



Outcomes

• Three primary effectiveness outcomes based on 2017 AHA/ACC guidelines systematic review
• Six secondary effectiveness outcomes that major hypertension treatment RCTs have considered

• 46 safety outcomes

Primary effectiveness outcome Secondary effectiveness outcome

Acute myocardial infarction Cardiovascular event

Hospitalization for heart failure Ischemic stroke

Stroke Hemorrhagic stroke

Heart failure

Sudden cardiac death

Unstable angina

Phenotype definitions available at: https://data.ohdsi.org/LegendBasicViewer/

https://data.ohdsi.org/LegendBasicViewer/
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OHDSI APAC Data Network

Committed Data Sources 

Australia LPD 

Australia ePBRN SWSLHD 

Korea KHMC 

Korea Ajou University School of Medicine 

China Jiangsu Province Hospital

China iHeart

Singapore NUH

Singapore KTPH

Japan Medical Data Center (JMDC)

Together, the committed data sources cover:
21 millions patients in 5 countries 
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Patient counts for 12 exposure cohorts



Cohort characterization by gender

Ø Gender ratio of hypertension 
patients is 1:1

Ø Women are more likely to be in 
Cohort #4 (Diuretic + ACEi/ARB), 
Cohort #8 (Diuretic + CCB), 
Cohort #12 (B-blocker + Diuretic)



Cohort characterization by age

Ø Majority of cohort #1 (ACEi/ARB 
+ CCB), cohort #3 (ACEi/ARB + 
Diuretic) are in age 45-64.

Ø Majority of cohort #7 (CCB + 
Diuretic), cohort #9 (CCB + B-
blocker), cohort #10 (B-blocker + 
Diuretic) are in age >=65.

Ø Drug utilization in Australia and 
Singapore is higher in age >=65, 
in Korea is higher in age 45-64.



Cohort characterization by history of CVD

Ø Most patients do not have history 
of CVD.

Ø Among people with history of 
CVD, cohort #5 (ACEi/ARB + B-
blocker) and cohort #6 (B-blocker 
+ ACEi/ARB) are prevalent, 
consistent with guidelines for 
secondary prevention of CVD



Treatment pathway (Australia LPD)



Treatment pathway (Korea Ajou University)



Treatment pathway (Singapore NUH)
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Treatment pathway

Significant variations in drug utilization across countries
ØMost common first-line therapy of patients in Australia and Singapore is 

ACEi/ARB.
ØMost common first-line therapy of Korean patients is CCB.
ØMore patients in Australia had second-line treatment than Korean 

patients.
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