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Abstract

IMPORTANCE More than 1 billion adults have hypertension globally, of whom 70% cannot achieve
their hypertension control goal with monotherapy alone. Data are lacking on clinical use patterns of
dual combination therapies prescribed to patients who escalate from monotherapy.

OBJECTIVE To investigate the most common dual combinations prescribed for treatment escalation
in different countries and how treatment use varies by age, sex, and history of cardiovascular disease.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from 11 electronic health
record databases that cover 118 million patients across 8 countries and regions between January
2000 and December 2019. Included participants were adult patients (ages �18 years) who newly
initiated antihypertensive dual combination therapy after escalating from monotherapy. There were
2 databases included for 3 countries: the Iqvia Longitudinal Patient Database (LPD) Australia and
Electronic Practice-based Research Network 2019 linked data set from South Western Sydney Local
Health District (ePBRN SWSLHD) from Australia, Ajou University School of Medicine (AUSOM) and
Kyung Hee University Hospital (KHMC) databases from South Korea, and Khoo Teck Puat Hospital
(KTPH) and National University Hospital (NUH) databases from Singapore. Data were analyzed from
June 2020 through August 2021.

EXPOSURES Treatment with dual combinations of the 4 most commonly used antihypertensive
drug classes (angiotensin-converting enzyme inhibitor [ACEI] or angiotensin receptor blocker [ARB];
calcium channel blocker [CCB]; β-blocker; and thiazide or thiazide-like diuretic).

MAIN OUTCOMES AND MEASURES The proportion of patients receiving each dual combination
regimen, overall and by country and demographic subgroup.

RESULTS Among 970 335 patients with hypertension who newly initiated dual combination therapy
included in the final analysis, there were 11 494 patients from Australia (including 9291 patients in
Australia LPD and 2203 patients in ePBRN SWSLHD), 6980 patients from South Korea (including
6029 patients in Ajou University and 951 patients in KHMC), 2096 patients from Singapore
(including 842 patients in KTPH and 1254 patients in NUH), 7008 patients from China, 8544 patients
from Taiwan, 103 994 patients from France, 76 082 patients from Italy, and 754 137 patients from
the US. The mean (SD) age ranged from 57.6 (14.8) years in China to 67.7 (15.9) years in the Singapore
KTPH database, and the proportion of patients by sex ranged from 24 358 (36.9%) women in Italy
to 408 964 (54.3%) women in the US. Among 12 dual combinations of antihypertensive drug classes
commonly used, there were significant variations in use across country and patient subgroup. For
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Abstract (continued)

example starting an ACEI or ARB monotherapy followed by a CCB (ie, ACEI or ARB + CCB) was the
most commonly prescribed combination in Australia (698 patients in ePBRN SWSLHD [31.7%] and
3842 patients in Australia LPD [41.4%]) and Singapore (216 patients in KTPH [25.7%] and 439
patients in NUH [35.0%]), while in South Korea, CCB + ACEI or ARB (191 patients in KHMC [20.1%]
and 1487 patients in Ajou University [24.7%]), CCB + β-blocker (814 patients in Ajou University
[13.5%] and 217 patients in KHMC [22.8%]), and ACEI or ARB + CCB (147 patients in KHMC [15.5%]
and 1216 patients in Ajou University [20.2%]) were the 3 most commonly prescribed combinations.
The distribution of 12 dual combination therapies were significantly different by age and sex in almost
all databases. For example, use of ACEI or ARB + CCB varied from 873 of 3737 patients ages 18 to 64
years (23.4%) to 343 of 2292 patients ages 65 years or older (15.0%) in South Korea’s Ajou University
database (P for database distribution by age < .001), while use of ACEI or ARB + CCB varied from
2121 of 4718 (44.8%) men to 1721 of 4549 (37.7%) women in Australian LPD (P for drug combination
distributions by sex < .001).

CONCLUSIONS AND RELEVANCE In this study, large variation in the transition between
monotherapy and dual combination therapy for hypertension was observed across countries and by
demographic group. These findings suggest that future research may be needed to investigate what
dual combinations are associated with best outcomes for which patients.

JAMA Network Open. 2022;5(3):e223877. doi:10.1001/jamanetworkopen.2022.3877

Introduction

Hypertension is the leading global risk factor associated with cardiovascular disease (CVD) and
chronic kidney disease, contributing worldwide to more than 7 million deaths and 57 million
disability-adjusted life-years annually.1 In 2015, approximately 1.13 billion adults had hypertension, yet
fewer than 30% had achieved their blood pressure control goal.2 Notably, the burden of
hypertension is particularly salient in the Asia Pacific region, given that this region has 60% of the
world’s population and has experienced a rapid increase in prevalence of hypertension since 1980.2,3

Approximately 70% of patients with hypertension cannot achieve their blood pressure control
goal with monotherapy.4 Despite the wide availability of antihypertensive agents, considerable
uncertainty remains regarding the optimal choice for a second agent for use in escalation from
monotherapy. Clinical trials lack head-to-head comparisons of second antihypertensive agents added
to monotherapy, and only 2 trials (Avoiding Cardiovascular Events Through Combination Therapy in
Patients Living With Systolic Hypertension [ACCOMPLISH]5 and Combination Therapy of
Hypertension to Prevent Cardiovascular Events [COPE]6) directly compared combination regimens
in patients with hypertension who required 2 drugs. These trials, however, provided comparisons
between few agents, not drug classes; included primarily patients from Western countries; and did
not systematically assess heterogeneity in patient subgroups. The absence of head-to-head
comparison in clinical trials has limited the ability of clinical guidelines to provide recommendations
about the preferred choice of second medication for treatment escalation.7,8 However, it is plausible
that not all dual combination therapies have the same mean risks and benefits. Moreover, some
combinations may be associated with better outcomes in particular patient subgroups. Evidence
about the choice of medication in escalating treatment to 2 agents may better inform clinical
decisions and provide needed evidence for practice guidelines.

To address these evidence gaps, we formed the Observational Health Data Science and
Informatics (OHDSI) Asian Pacific collaboration group to conduct a series of large-scale observational
studies that would investigate comparative effectiveness and safety associated with second
antihypertensive agents added to monotherapy. This study is the first of the series of studies. Using
data from 11 electronic health record (EHR) databases across 8 countries and regions, we aimed to
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investigate the most common dual combinations prescribed for treatment escalation in these
countries and how treatment use varied by age, sex, and history of CVD. We hypothesized that there
would be significant variation in use by country and patient subgroup. Specifically, we hypothesized
that combinations with calcium channel blockers (CCBs) would be more commonly prescribed in
Asian countries given prior reports on prescription patterns in these countries9 while combinations
with angiotensin-converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARBs) would
be more commonly prescribed in Western countries, as recommended by current guidelines.7,8

Second, we hypothesized that certain combinations, such as ACEI or ARB and β-blocker, would be
more commonly prescribed among patients with a history of CVD than those without a history of
CVD. Secondary prevention guidelines recommend use of ACEIs in patients with prior myocardial
infarction and use of β-blockers within 3 years of myocardial infarction (class I, level of evidence: A
recommendation).10 We reported the treatment use of first-line antihypertensive monotherapies in
a previous publication.11 In this study, we used a systematic, open-science, evidence-generation
approach for high-quality observational research based on the Large-Scale Evidence Generation and
Evaluation Across a Network of Databases for Hypertension (LEGEND-HTN) study.11-13 The results
of this cohort study may provide insight into the current prescription patterns of dual combination
therapies in hypertension treatment escalation and may lay a foundation for future work that
compares the associations of different dual combinations with risk of cardiovascular outcomes.

Methods

Data Source
In this cohort study, we examined patient records from 11 EHR databases mapped to the
Observational Medical Outcome Partnership (OMOP) Common Data Model (CDM) version 5.3 from
participating research partners across the OHDSI community. These data sources included the Iqvia
Longitudinal Patient Database (LPD) Australia (with 3 101 500 patients) and Electronic Practice-
Based Research Network 2019 linked data set from South Western Sydney Local Health District
(ePBRN SWSLHD; with 139 346 patients) from Australia, Ajou University School of Medicine
(AUSOM; with 3 109 677 patients) and Kyung Hee University Hospital (KHMC; with 2 010 456
patients) databases from South Korea, Khoo Teck Puat Hospital (KTPH; with 290 074 patients) and
National University Hospital (NUH; with 750 270 patients) databases from Singapore, Jiangsu
Province Hospital (CJSPH; with 6 230 000 patients) database from China, Taipei Medical University
Clinical Research Database (TMUCRD; with 3 659 572 patients) from Taiwan, Iqvia LPD France (with
18 118 000 patients) from France, Iqvia LPD Italy (with 2 209 600 patients) from Italy, and Iqvia US
Ambulatory Electronic Medical Record (EMR; with 78 526 000 patients) database from the US
(eAppendix 1 and eTable 1 in the Supplement). These data partners altogether monitor more than 118
million patients from 8 countries and regions across the world.

We executed this study through the federated network model of OHDSI, in which access to
deidentified data and statistical analyses were executed inside each data partner’s institution using
the OHDSI common tool stack.11-14 We prespecified the entire analytical process before execution
and collected aggregated results from data partners for interpretation. Each data partner obtained
the necessary institutional review board (IRB) approval or exemption and informed consent or
exemption (eAppendix 2 in the Supplement). This study required no further ethics review or patient
informed consent according to the policies of the Yale institutional review board. Previous studies
have found that this process could be successfully applied to evaluate the comparative effectiveness
of first-line antihypertensive monotherapies.11,15,16 This study followed the guidelines for cohort
studies, described in the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.
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Study Population
The study population consisted of adult patients (aged �18 years) with prior antihypertensive
monotherapy who newly initiated escalated treatment with 1 of 56 drug ingredients (eTable 2 in the
Supplement) that constitute 4 major drug classes, as recommended by current hypertension practice
guidelines,7,8,17,18 from 2000 to 2019. Patients who initiated escalated treatment with other drug
classes (eg, hydralazine or α-blockers) were excluded from analysis. For patients included in the
analysis, we constructed 12 nonoverlapping exposure cohorts. Each cohort included patients who
newly initiated 1 of 4 dual combination drug classes after escalating from monotherapy with 1 of 3
alternative classes (eTable 3 in the Supplement).

New-use cohort design is advocated as the primary design choice for comparative effectiveness
research.19 The new-use design reduces confounding by identifying patients who start a new drug
for treatment escalation, using initiation of the second drug as the start of follow-up.

Specifically, cohort entry (ie, index date) for each patient was the patient’s date of prescription
initiating the second drug containing the RxNorm ingredient codes of 1 of the 4 major drug classes
from 2000 to 2019. Inclusion criteria for patients based on index date included at least 1
hypertension diagnosis any time in the patient’s record before the index date, at least 1 year of
observation time before the index date (ie, a washout period to improve new-use sensitivity), at least
1 prescription of an antihypertensive agent and no prescriptions for other agents any time before the
index date, and at least 30 days between initiation of first drug class and initiation of second drug
class on the index date (eFigure 1 in the Supplement). This analysis focused on the second agent
added after antihypertensive monotherapy rather than on switching of medications. We
purposefully did not exclude patients with a history of CVD events, enabling us to report drug use for
individuals with and without history of CVD. History of CVD was defined as at least 1 diagnosis code
for arteriosclerotic vascular disease, cerebrovascular disease, ischemic heart disease, or peripheral
vascular disease any time on or prior to the index date. Continuous drug exposures were constructed
by allowing smaller than 30-day gaps between prescriptions.

Cohort Development and Validation
We developed exposure cohorts previously listed using OHDSI’s open-source Atlas20 platform that
enables researchers to define cohorts based on drug exposures, diagnoses, procedures, and patient
characteristics through a user-friendly interface. We based drug exposure on occurrences of RxNorm
codes in the appropriate OMOP CDM tables and built diagnosis concept sets, such as hypertension
diagnosis, as Systemized Nomenclature of Medicine-Clinical Terms term collections in appropriate
OMOP CDM tables. Atlas enforced complete transparency in cohort definitions by automatically
generating human-readable and computer-readable representations. We used previously validated
concept definitions for hypertension diagnosis and antihypertensive agents.11

We further validated exposure cohorts and aggregated drug use against data sources using
comprehensive cohort characterization tools through OHDSI’s CohortDiagnostic package.21 For each
cohort and data source, this package systematically generated incidence new-use rates (stratified by
age, sex, and calendar year), cohort characteristics (ie, all comorbidities, drug use, and health care
use), and codes found in patient records that triggered various rules in cohort definitions. This
approach allowed us to better understand the heterogeneity of source coding for exposures and
health outcomes, as well as the association of various inclusion criteria with overall cohort counts.

Statistical Analysis
For each database, we described overall use in dual combination therapies and evaluated treatment
variation in patient groups by age (ie, ages 18-64 and �65 years), sex, history of CVD, and country.
Specifically, we calculated the proportion of patients treated with each dual combination regimen.
We compared the distribution of treatment use across countries and between patient subgroups
defined by age, sex, and history of CVD using χ2 tests. A prespecified 2-sided P value < .05 was used
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as the level of statistical significance. In addition to the use of P values, we conducted meta-analyses
to quantify between-country heterogeneity and used I2 to describe the percentage of variability in
estimates associated with between-country heterogeneity rather than sampling variations.22 Finally,
we characterized treatment pathways for hypertension (ie, the ordered sequence of medications
that a patient was prescribed) in diverse populations using sunburst plots. Sequences included
changes in medication and additions of medication. All analyses were performed using R statistical
software version 4.0 (R Project for Statistical Computing).

Results

Use of Dual Combination Therapies in Treatment Escalation
Across 11 data sources, our final analysis included 970 335 patients with hypertension who newly
initiated dual combinations of antihypertensive agents after escalating from monotherapy: 11 494
patients from Australia (including 9291 patients in Australia LPD and 2203 patients in ePBRN
SWSLHD), 6980 patients from South Korea (including 6029 patients in Ajou University and 951
patients in KHMC), 2096 patients from Singapore (including 842 patients from KTPH and 1254
patients from NUH), 7008 patients from China, 8544 patients from Taiwan, 103 994 patients from
France, 76 082 patients from Italy, and 754 137 patients from the US (Table 1). Patient mean (SD) age
varied across data sources, ranging from 57.6 (14.8) years in China to 67.7 (15.9) years in Singapore’s
KTPH database. The proportion of patients by sex ranged from 24 358 (36.9%) women in Italy to
408 964 (54.3%) women in the US, and the proportion of patients with a history of CVD ranged from
1350 patients in Australia’s ePBRN SWSLHD (10.6%) to 536 patients (56.4%) in Korea’s KHMC
database.

In the overall cohort, the most commonly prescribed combination was ACEI or ARB + thiazide
or thiazide-like diuretic (hereafter, diuretic; 166 324 patients [17.1%]). Table 1 reports the treatment
use across countries. Starting an ACEI or ARB monotherapy followed by a CCB (ie, ACEI or
ARB + CCB) was the most commonly prescribed combination in Australia (698 patients in ePBRN
SWSLHD [31.7%] and 3842 patients in Australia LPD [41.4%]) and Singapore (216 patients in KTPH
[25.7%] and 439 patients in NUH [35.0%]). ACEI or ARB + diuretic was the most commonly
prescribed combination in Italy (16 988 patients [22.3%]) and the US (123 940 patients [16.4%]). In
South Korea, CCB + ACEI or ARB (191 patients in KHMC [20.1%] and 1487 patients in Ajou University
[24.7%]), CCB + β-blocker (814 patients in Ajou University [13.5%] and 217 patients in KHMC
[22.8%]), and ACEI or ARB + CCB (147 patients in KHMC [15.5%] and 1216 patients in Ajou University
[20.2%]) were the 3 commonly prescribed combinations. In China, CCB + ACEI or ARB (3312 patients
[47.3%]) and ACEI or ARB + CCB (3127 patients [44.6%]) were the 2 most commonly prescribed
combinations, whereas in France, ACEI or ARB + CCB (22 523 patients [21.7%]) and ACEI or
ARB + diuretic (22 399 patients [21.5%]) were the 2 most commonly prescribed combinations. The
treatment pattern was statistically significantly different across countries (eFigure 2 in the
Supplement).

In Western countries (ie, Australia, France, Italy, and the US), the proportion of patients treated
with ACEI or ARB + diuretic ranged from 123 940 patients (16.4%) in the US to 508 patients (23.1%)
in Australia’s ePBRN SWSLHD, whereas the proportion in Asian countries (ie, South Korea, Singapore,
China, and Taiwan) ranged from 3 patients in Taiwan (0.04%) to 474 patients in South Korea’s Ajou
University (7.9%). Among Western countries, the proportion of patients treated with CCB + ACEI or
ARB ranged from 54 297 patients in the US (7.2%) to 15 749 patients in France (15.1%), whereas the
proportion among Asian countries ranged from 133 patients in Singapore’s NUH (10.6%) to 3312
patients in China (47.3%). Forest plots for treatment proportions for each dual combination across
different countries are presented in eFigure 2 in the Supplement. Almost all observed differences in
treatment proportions were associated with between-country heterogeneity, and sampling
variations were associated with a negligible part (<0.4%) of observed variations.
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Table 2 shows treatment use by age group. In each database, the most commonly prescribed
combinations for patients ages 18 to 64 years and ages 65 years or older was generally similar. For
example, in Australian databases, there were 1232 patients aged 18 to 64 years and 971 patients aged
65 years or older in ePBRN SWSLHD and 5248 patients aged 18 to 64 years and 4044 patients aged
65 years or older in Australia LPD, and the most commonly prescribed combination was ACEI or
ARB + CCB for patients aged 18 to 64 years and those ages 65 years and older (ePBRN SWSLHD: 393
patients [31.9%] and 305 patients [31.4%]; Australia LPD: 2433 patients [46.4%] and 1409 patients
[34.9%]). In the Italy LPD database, the most commonly prescribed combination was ACEI or
ARB + diuretic among 34 209 patients ages 18 to 64 years (8096 patients [23.7%]) and 41 873
patients ages 65 years (8892 patients [21.2%]). However, some combination therapies had wide
variation of usage across age groups. For example, in the Australian databases, the proportions of
patients treated with ACEI or ARB + β-blocker was 417 patients ages 18 to 64 years (8.0%) and 661
patients ages 65 years and older (16.4%) in Australia LPD and 121 patients ages 18 to 64 years (9.9%)
and 147 patients ages 65 years and older (15.1%) in ePBRN SWSLHD. Use of ACEI or ARB + CCB varied
from 873 of 3737 patients ages 18 to 64 years (23.4%) to 343 of 2292 patients ages 65 years or older
(15.0%) in South Korea’s Ajou University database. The distribution of all 12 dual combination
therapies were significantly different by age in all databases (P for drug combination distributions by
age < .001), except for the South Korean KHMC database.

Table 3 shows treatment use by sex. In each database, the 3 most commonly prescribed
combinations in men and women were generally similar. For example, in the Australian databases,
the 3 most commonly prescribed combinations among 1054 men and 1149 women in ePBRN
SWSLHD and 4718 men and 4549 women in Australia LPD were ACEI or ARB + CCB (ePBRN
SWSLHD: 359 [34.1%] men and 339 [29.5%] women; Australia LPD: 2121 [44.8%] men and 1721
[37.7%] women), ACEI or ARB + diuretic (Australia LPD: 870 [18.4%] men and 972 [21.3%] women;
ePBRN SWSLHD: 247 [23.4%] men and 261 [22.7%] women), and ACEI or ARB + β-blocker (ePBRN
SWSLHD:129 [12.2%] men and 490 [10.7%] women; Australia LPD: 589 [12.4%] men and 139 [12.1%]
women). In the Italy database, the 3 most commonly prescribed combinations among 46 656 men
and 29 427 women were ACEI or ARB + diuretic (10 242 [22.0%] men and 6746 [22.6%] women),
ACEI or ARB + CCB (7653 [16.4%] men and 6975 [23.7%] women), and ACEI or ARB + β-blocker
(7093 [15.2%] men and 4752 [16.1%] women). However, the distribution of all 12 dual combination
therapies were significantly different by sex in all databases. For example, use of ACEI or ARB + CCB
varied from 2121 of 4718 (44.8%) men to 1721 of 4549 (37.7%) women in Australian LPD (P for drug
combination distributions by sex < .001).

Table 4 shows treatment use by history of CVD. Treatment patterns of dual combination
therapies were significantly different by history of CVD in all databases (P for drug combination
distributions by CVD < .001). In all databases except the China Jiangsu database, there was wide
variation in use of ACEI or ARB + β-blocker by history of CVD. For example, in the US database, the
proportion of patients receiving ACEI or ARB + β-blocker was 37 663 of 169 687 patients with a
history of CVD (22.2%) and 72 916 of 584 450 patients without a history of CVD (12.5%). Similarly, in
all databases except the Australian ePBRN SWSLHD and China Jiangsu databases, there was wide
variation in use of β-blocker + ACEI or ARB by history of CVD. For example, in the US database, the
proportion of patients receiving β-blocker + ACEI or ARB was 37 882 patients (22.3%) with a history
of CVD and 68 498 patients (11.7%) without a history of CVD.

Treatment Pathway for Hypertension
Tracking medication changes for these 970 335 patients over time revealed a diverse array of
treatment trajectories across countries. Treatment pathways for hypertensive agents across the
largest 9 data sources are shown in eFigure 3 in the Supplement. The most common first-line therapy
among patients in Australia and Singapore was an ACEI or ARB, whereas the most common first-line
therapy among patients in South Korea was a CCB. The proportion of patients who were prescribed
dual therapy differed among countries. There were more patients in Australia who initiated dual
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therapy than in South Korea. Most patients (5893 patients [84.1%]) in China initiated with a CCB or
an ACEI or ARB. The common prescription in the US, Italy, and France was an ACEI or ARB and a
diuretic.

Discussion

In this cohort study, we observed heterogeneity in the use of dual combination therapies as recorded
in EHR data sources, identifying a total of 970 335 patients with hypertension and dual combination
therapy in Australia, South Korea, Singapore, China, Taiwan, France, Italy, and the US. To our
knowledge, this is the first study to describe use in clinical practice of antihypertensive dual
combination therapies for treatment escalation across 8 countries, including 5 Asia Pacific countries
and regions. These findings may provide insight into the current prescription patterns of
antihypertensive agents and lay a foundation for future studies to investigate the comparative
effectiveness associated with different antihypertensive combinations. Such information is
important to inform clinical decisions given the large number of patients who require combination
therapy and the lack of evidence on which combinations are associated with the best balance in risks
and benefits.

Our study extends prior literature given that, to our knowledge, it is the largest multisite analysis
of evidence from clinical practice to address dual combination therapies used in treatment escalation
of hypertension. Through the OHDSI community, particularly the OHDSI Asia-Pacific (APAC
network), we took advantage of disparate health databases drawn from different sources and across
a range of countries and practice settings. These large-scale and unfiltered populations represent
clinical practice data. This first descriptive analysis of the OHDSI APAC collaborative suggests that
coordinated efforts may be able to overcome many logistic and methodological challenges
associated with observational study designs. The profiles of treatment pathways are based on more
than 118 million patient records. We successfully addressed patient privacy and diverse research
regulatory constraints, adopted a consistent data model, and distributed queries across a broad
population.

There are several possible explanations for our findings. The observed prescription pattern of
antihypertensive agents is, in part, a reflection of hypertension guidelines issued in the past few
decades. An ACEI or ARB was the most commonly prescribed drug class across all data sources,
which may be expected given that it is recommended as a first-line treatment option by most
guidelines.8,17,18,23-25 The finding that CCBs were the predominant prescribed drug class in the
Chinese data source is consistent with a previous national study in China,9 which may reflect the
endorsement of the clinical guideline in China and the lower cost of CCBs compared with other
antihypertensive drugs.18 Despite findings suggesting that β-blockers are less effective for
stroke,26,27 their high use rates in South Korea and the US are consistent with nationwide
studies11,17,28 in those countries finding that use of β-blocker monotherapy for patients with
hypertension remains prevalent. Among patients with a history of CVD, the common use of an ACEI
or ARB or a β-blocker is consistent with guidelines for secondary prevention of CVD.10,29,30

Additionally, our study corroborates previous work by OHDSI researchers, which found significant
heterogeneity in treatment pathways for several chronic diseases across data sources.11,15,31 Variation
in treatment use could also be associated with difference in the selection of patients in each data
source, particularly owing to the difference in proportion of patients with CVD.

Our findings may also have important public health implications. The heterogeneity of
treatment pathways of hypertension across data sources and countries reflects the failure of the field
to converge on an effective and consistent treatment-escalation algorithm for hypertension. It is
plausible that not all combination therapies have the same risks and benefits. However, current
guidelines do not provide recommendations for the preferred choice of the second agent added to
monotherapy, owing to the lack of evidence from RCTs,8,17,18,23-25 and the large variation observed in
clinical practice may be associated with a trial-and-error approach to intensifying treatment for
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hypertension. This finding suggests the need to evaluate the efficacy and safety associated with
different second-line antihypertensive agents. While RCTs remain a key tool for high-quality clinical
efficacy estimates in controlled settings, clinical observational studies can help fill evidence gaps
where large-scale RCTs are not feasible or are too costly, such as in the study of second-line and third-
line antihypertensive treatments.

Limitations
Several limitations need to be considered when interpretating the results of this study. First, our
study was based on routinely collected data from clinical practice, where misclassification of diseases
and therapies may be present. We included only patients who had a clinical diagnosis of
hypertension; therefore, patients without a coded diagnosis would have been excluded even if they
had elevated blood pressure levels that met criteria for hypertension. Second, treatment
misclassification is possible given that participating data sources varied in their capture of drugs from
hospital billing records, prescription orders, or dispensing data. Third, this study describes
prescription patterns of antihypertensive medications, and we do not have information about
medication compliance among patients with hypertension. Fourth, our study is limited to 8 countries
and regions, so findings may not be generalizable to other countries.

Conclusions

To our knowledge, this is the largest and most diverse study characterizing use of dual combination
therapies in treatment escalation of hypertension in clinical practice. Large variation in drug use was
observed in routine practice, suggesting the need for future research on the safety and efficacy
associated with the more commonly used treatments.
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