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ORIGINAL RESEARCH

Initial Antihypertensive Regimens in Newly 
Treated Patients: Real World Evidence From 
the OneFlorida+ Clinical Research Network
Steven M. Smith , PharmD, MPH; Almut G. Winterstein , PhD; Matthew J. Gurka , PhD;  
Marta G. Walsh , MS; Shailina Keshwani , MS; Anne M. Libby , PhD; William R. Hogan , MD, MS;  
Carl J. Pepine , MD; Rhonda M. Cooper- DeHoff , PharmD, MS

BACKGROUND: Knowledge of real- world antihypertensive use is limited to prevalent hypertension, limiting our understanding of 
how treatment evolves and its contribution to persistently poor blood pressure control. We sought to characterize antihyper-
tensive initiation among new users.

METHODS AND RESULTS: Using Medicaid and Medicare data from the OneFlorida+ Clinical Research Consortium, we identified 
new users of ≥1 first- line antihypertensives (angiotensin- converting enzyme inhibitor, calcium channel blocker, angiotensin 
receptor blocker, thiazide diuretic, or β- blocker) between 2013 and 2021 among adults with diagnosed hypertension, and no 
antihypertensive fill during the prior 12 months. We evaluated initial antihypertensive regimens by class and drug overall and 
across study years and examined variation in antihypertensive initiation across demographics (sex, race, and ethnicity) and 
comorbidity (chronic kidney disease, diabetes, and atherosclerotic cardiovascular disease). We identified 143 054 patients 
initiating 188 995 antihypertensives (75% monotherapy; 25% combination therapy), with mean age 59 years and 57% of whom 
were women. The most commonly initiated antihypertensive class overall was angiotensin- converting enzyme inhibitors (39%) 
followed by β- blockers (31%), calcium channel blockers (24%), thiazides (19%), and angiotensin receptor blockers (11%). With 
the exception of β- blockers, a single drug accounted for ≥75% of use of each class. β- blocker use decreased (35%– 26%), 
and calcium channel blocker use increased (24%– 28%) over the study period, while initiation of most other classes remained 
relatively stable. We also observed significant differences in antihypertensive selection across demographic and comorbidity 
strata.

CONCLUSIONS: These findings indicate that substantial variation exists in initial antihypertensive prescribing, and there remain 
significant gaps between current guideline recommendations and real- world implementation in early hypertension care.

Key Words: angiotensin receptor antagonists ■ angiotensin- converting enzyme inhibitors ■ antihypertensive agents ■ calcium channel 
blockers ■ ethnicity ■ Medicaid ■ Medicare ■ sodium chloride symporter inhibitors

Hypertension affects an estimated 120 million in-
dividuals in the United States and is the leading 
modifiable risk factor for cardiovascular disease 

and death.1 Nearly all of these individuals ultimately 
require antihypertensive therapy to achieve blood 
pressure control, and as a consequence, several an-
tihypertensive drugs are among the most commonly 
used medications worldwide. Consensus US and 

international guidelines have long recommended cer-
tain antihypertensive classes as “first- line” therapies— 
namely, angiotensin- converting enzyme inhibitors 
(ACEIs), angiotensin receptor blockers (ARBs), thiazide 
diuretics, calcium channel blockers (CCBs), and, until 
relatively recently, β- blockers.2,3 However, for most 
patients with uncomplicated hypertension, guidelines 
generally do not prioritize any of these classes except 
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in select circumstances, leaving prescribers to choose 
from some 30 to 40 antihypertensive drugs when initi-
ating antihypertensive therapy.

Real- world antihypertensive utilization patterns 
have been studied extensively, but in almost all 
cases, the focus of these studies has been on treat-
ment patterns in prevalent hypertension cohorts.4– 13 
These studies provide useful insight into overall an-
tihypertensive use in populations. However, they 
rarely have distinguished between patients who are 
early in their treatment course from those with long- 
standing hypertension and who may have extensive 
treatment histories and multidrug regimens that have 
evolved over time. Thus, very little is known about 

contemporary patterns of early antihypertensive care, 
including initial antihypertensive regimens and to what 
extent these accord with care typically recommended 
in consensus guidelines. These gaps are notewor-
thy in light of the fact that only ≈1 in 5 US patients 
with hypertension have blood pressure controlled 
to <130/80 mm Hg.1 Thus, delays in achieving blood 
pressure control are exceedingly common in rou-
tine practice and extend high- risk periods, leading to 
worse outcomes.14,15 A greater understanding of how 
antihypertensive regimens emerge and evolve early in 
therapy may aid in identifying quality care gaps for 
which interventions can be achieved.

To address this gap, we used the OneFlorida+ 
Clinical Research Consortium (hereafter, OneFlorida+) 
to characterize initial treatment regimens among a di-
verse cohort of new users of antihypertensive ther-
apy. We were principally interested in the distribution 
of classes, specific antihypertensive drugs within 
classes, how these distributions differed in prespeci-
fied demographic and clinical groups, and their trends 
over time.

METHODS
We conducted a cross- sectional study of initial anti-
hypertensive medication use among individuals with 
newly treated hypertension using patient- level data 
from OneFlorida+ from 2012 through September 2021. 
The study was approved by the University of Florida 
Institutional Review Board, with a full waiver of in-
formed consent for research involving data previously 
collected for nonresearch purposes. The OneFlorida+ 
steering committee also approved the study. Data 
underlying this study may be obtained through the 
OneFlorida+ Front Door (https://onefl orida conso rtium.
org/) by qualified researchers trained in human subject 
confidentiality protocols.

Data Source
OneFlorida+ is 1 of 8 clinical research networks com-
prising the Patient- Centered Outcomes Research 
network. OneFlorida+ serves as a data repository for 
patient- level data from both health system partners 
and insurers. Administrative claims data for this pro-
ject included all available Florida Medicaid (January 
1, 2012 through September 30, 2021) and Medicare 
(January 1, 2012 through December 31, 2017) data. 
All data sources are mapped to the Patient- Centered 
Outcomes Research network common data model 
(version 6.0) to ensure standardization of data ele-
ments across sources. Major data elements in the 
common data model include demographics, enroll-
ment, encounters, diagnoses, procedures, dispensed 

CLINICAL PERSPECTIVE

What Is New?
• Prior studies of real- world antihypertensive 

treatment patterns have focused primarily on 
prevalent hypertension cohorts.

• We characterized initial antihypertensive regi-
mens in newly treated patients with hyperten-
sion to better understand how antihypertensive 
regimens begin and whether such early treat-
ment patterns may help explain gaps in care 
quality that contribute to poor blood pressure 
control or disparities in care.

What Are the Clinical Implications?
• Substantial variation exists among first- line 

classes prescribed, with <40% of patients initi-
ating any single antihypertensive class and, with 
1 exception, no class predominated in >50% of 
any of the prespecified demographic and co-
morbidity subgroups studied.

• Conversely, a single drug predominated within 
each first- line antihypertensive class, account-
ing for ≥75% of all initiations within that class.

• Findings suggest uptake of clinical guideline 
recommendations (eg, increased calcium chan-
nel blockers and less β- blocker initiation) but 
also infrequent multidrug regimens that often 
included potentially suboptimal combinations 
and suboptimal use of some classes in patients 
for whom they are explicitly recommended (eg, 
calcium channel blockers or thiazide in Black 
patients).

Nonstandard Abbreviations and Acronyms

SMD standardized mean difference
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medications, and deaths. In the present study, we in-
cluded only Florida Medicaid or Medicare recipients 
with claims data available. This approach was chosen 
to minimize misclassification of new antihypertensive 
users, by ensuring a sustained period of continuous 
eligibility (≥1 year) without any dispensing history of an-
tihypertensive therapy before the index antihyperten-
sive fill.

Participants and Cohort Development
The study design and data collection are summarized 
in Figure S1. Patients were included if they were aged 
≥18 years, dispensed a new antihypertensive medi-
cation from ≥1 of 5 “first- line” classes (ACEIs, ARBs, 
CCBs, thiazide diuretics, or β- blockers) between 
December 31, 2012 and December 31, 2017 (for 
Medicare recipients) or September 30, 2021 (Medicaid 
recipients), and were continuously enrolled in the re-
spective coverage for 365 days before and including 
the date of first dispensing of the above antihyperten-
sive medication(s). The date of first antihypertensive 
medication fill was considered the index date, and 
data for all antihypertensives filled on the index date 
were collected, even if ≥1 of these newly filled antihy-
pertensives were not “first- line” classes. Patients fill-
ing antihypertensives from second- line classes before 
the first fill date of the above first- line classes were not 
considered new users and were excluded from the co-
hort. Eligible antihypertensive drugs are summarized 
in Table S1, and a complete list of national drug codes 
can be downloaded at https://github.com/ssmit hm/
rxnor m- drug- lists/ tree/maste r/antih ypert ensive_drugs. 
Patients were also required to have a hypertension di-
agnosis (International Classification of Diseases, Ninth 
Revision [ICD- 9], 401.X; International Classification of 
Diseases, Tenth Revision [ICD- 10], I10) within the base-
line period defined as 365 days before and including 
the index date.

Data Collection
Baseline characteristics were measured during the 
baseline period (generally 1 year before and includ-
ing index date), as per the definitions summarized in 
Table  S2. Demographic information (sex, race, eth-
nicity, and birth date) was drawn from the original 
claims data demographic files (mapped to the Patient- 
Centered Outcomes Research network common data 
model); when possible, we supplemented missing val-
ues with linked electronic health record (EHR)– based 
data for sex, race, and ethnicity (each patient- reported). 
Discrepancies between claims and EHR- based demo-
graphic data were resolved by giving self- report EHR 
data primacy. Antihypertensive regimen information 
was collected for all antihypertensives dispensed on 

the index date, with antihypertensives grouped into 
classes as summarized in Table S1.

Statistical Analysis
We summarized baseline characteristics using mean 
and SD for continuous variables and n (%) for categori-
cal variables in the overall study population and strati-
fied by insurer (Medicaid, Medicare). Within insurance 
strata, we calculated the proportion of individuals ini-
tiating each class and, within class, each drug. In ad-
dition to stratifying analyses by insurer, we performed 
stratified analyses by prespecified demographic (sex, 
race, and ethnicity) and comorbidity (chronic kidney 
disease [CKD], diabetes, and clinical atherosclerotic 
cardiovascular disease [ASCVD]) strata and assessed 
differences by calculating standardized mean differ-
ences (SMD) between groups.16 We further assessed 
use of recommended therapy among Black patients 
with and without CKD or heart failure (HF), based on 
explicit recommendations in the current US guidelines 
(ie, dihydropyridine CCBs or thiazides as preferred ini-
tial agents among those without CKD or HF).3,17 For 
patients initiating dual antihypertensive regimens, we 
calculated the proportion of regimens that were guide-
line concordant (2 first- line antihypertensives from dif-
ferent classes), partially concordant (1 first- line and 1 
second- line) or discordant (2 second- line agents or 2 
first- line agents from the same class) according to cur-
rent US guidelines.3 Finally, we analyzed changes over 
time in initial antihypertensive regimens by stratifying 
medication use according to the year of the index date 
and graphically displaying these data to identify trends 
in proportion of each class prescribed. The Cochrane– 
Armitage test was used for trend tests of antihyper-
tensive classes. All data were analyzed with R 4.2.0 (R 
Foundation, Vienna, Austria).

RESULTS
We identified a total of 143 054 patients with newly 
treated hypertension, with approximately similar num-
bers of Medicaid (n=71 774; 50.1% of total cohort) and 
Medicare (n=71 280; 49.8% of total cohort) recipients 
(Figure  S2). Baseline characteristics of the cohort 
are summarized in the Table. Briefly, patients were 
aged 59 years on average (Medicaid, 47 years versus 
Medicare, 72 years), and 57% were women. A plu-
rality of patients self- reported as White (49% overall; 
Medicaid, 35% versus Medicare, 63%), 24% (Medicaid, 
31%; Medicare, 17%) as Black, and 12% had missing 
race information; 16% (Medicaid, 18%; Medicare, 14%) 
were Hispanic. The most common comorbidities were 
diabetes (21%) and depression (18%), and nearly one- 
quarter were current smokers. CKD and ASCVD were 

https://github.com/ssmithm/rxnorm-drug-lists/tree/master/antihypertensive_drugs
https://github.com/ssmithm/rxnorm-drug-lists/tree/master/antihypertensive_drugs
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Table. Baseline Characteristics of New Antihypertensive Users

Baseline characteristic

New antihypertensive users

Overall cohort 
(N=143 054)

Medicaid cohort 
(N=71 774)

Medicare cohort 
(N=71 280) SMD†

Age, y 59.1±21.6 46.5±14.3 71.8±20.1 1.45

<45 38 213 (26.7%) 33 176 (46.2%) 5037 (7.1%)

45– 64 51 007 (35.7%) 34 274 (47.8%) 16 733 (23.5%)

>65 53 834 (37.6%) 4324 (6.0%) 49 510 (69.5%)

Sex 0.12

Female 81 555 (57.0%) 43 011 (59.9%) 38 544 (54.1%)

Male 61 493 (43.0%) 28 760 (40.1%) 32 733 (45.9%)

Missing 6 (0.0%) 3 (0.0%) 3 (0.0%)

Race 0.62

American Indian or Alaska Native 334 (0.2%) 165 (0.2%) 169 (0.2%)

Asian 1447 (1.0%) 659 (0.9%) 788 (1.1%)

Black 33 814 (23.6%) 22 041 (30.7%) 11 773 (16.5%)

Native Hawaiian or Other Pacific 
Islander

33 (0.0%) 11 (0.0%) 22 (0.0%)

White 70 156 (49.0%) 25 304 (35.3%) 44 852 (62.9%)

Multiple race 503 (0.4%) 167 (0.2%) 336 (0.5%)

Other 20 555 (14.4%) 11 610 (16.2%) 8945 (12.5%)

Unknown 16 212 (11.3%) 11 817 (16.5%) 4395 (6.2%)

Ethnicity 0.35

Hispanic 22 680 (15.9%) 13 016 (18.1%) 9664 (13.6%)

Non- Hispanic 99 483 (69.5%) 44 696 (62.3%) 54 787 (76.9%)

Unknown 16 203 (11.3%) 11 865 (16.5%) 4338 (6.1%)

Missing 4688 (3.3%) 2197 (3.1%) 2491 (3.5%)

Comorbidities

Current smoker 32 080 (22.4%) 17 035 (23.7%) 15 045 (21.1%) 0.06

Diabetes 29 633 (20.7%) 13 802 (19.2%) 15 831 (22.2%) 0.07

Chronic kidney disease 17 626 (12.3%) 5111 (7.1%) 12 515 (17.6%) 0.32

End- stage renal disease 1072 (0.7%) 233 (0.3%) 839 (1.2%) 0.10

HF with reduced EF 2858 (2.0%) 1264 (1.8%) 1594 (2.2%) 0.03

Coronary heart disease 7940 (5.6%) 2742 (3.8%) 5198 (7.3%) 0.15

Prior coronary revascularization 728 (0.5%) 142 (0.2%) 586 (0.8%) 0.09

Prior stroke or TIA 2292 (1.6%) 309 (0.4%) 1983 (2.8%) 0.19

Peripheral arterial disease 9388 (6.6%) 1483 (2.1%) 7905 (11.1%) 0.37

History of clinical ASCVD 17 416 (12.2%) 4229 (5.9%) 13 187 (18.5%) 0.39

Atrial fibrillation 10 024 (7.0%) 1375 (1.9%) 8649 (12.1%) 0.41

COPD 7769 (5.4%) 4588 (6.4%) 3181 (4.5%) 0.09

Asthma 6066 (4.2%) 4855 (6.8%) 1211 (1.7%) 0.25

Depression 25 690 (18.0%) 10 670 (14.9%) 15 020 (21.1%) 0.16

Charlson comorbidity score 2.54±3.53 1.57±2.82 3.51±3.89 0.57

Other medication use

Statin 31 421 (22.0%) 13 201 (18.4%) 18 220 (25.6%) 0.17

Aspirin 11 663 (8.2%) 6115 (8.5%) 5548 (7.8%) 0.03

Index year

2012* 32 (0.0%) 1 (0.0%) 31 (0.0%)

2013 17 728 (12.4%) 485 (0.7%) 17 243 (24.2%)

2014 31 711 (22.2%) 11 457 (16.0%) 20 254 (28.4%)

 (Continued)
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considerably more common in the Medicare versus 
Medicaid population.

Initial Antihypertensive Use
In the overall population, most patients (75.4%) were 
initiated on a single agent, whereas 18.8% were ini-
tiated on 2 agents simultaneously and 5.8% on ≥3 
agents simultaneously. Crude rates of combination 
therapy were higher among Medicare-  (28%) versus 
Medicaid- insured (21%) individuals, though these dif-
ferences were minimized substantially after age adjust-
ment (Table S3).

Figure  1 summarizes the proportion of Medicaid- 
insured patients initiating each class of antihyperten-
sives, as well as the proportion initiating each drug 
within each class. Briefly, the most common classes 
initiated were ACEIs (39% of patients) and β- blockers 
(31%), followed by dihydropyridine CCBs (22%), thi-
azide diuretics (19%) and ARBs (11%). Use of most 
classes was predominated by a single agent, namely, 
lisinopril (94% of ACEI initiators), amlodipine (87% of 
dihydropyridine CCB initiators), hydrochlorothiazide 
(94% of thiazide initiators), and losartan (88% of ARB 
initiators). β- blockers were more evenly distributed 
across metoprolol (47%), propranolol (17%), carvedilol 
(14%), and atenolol and labetalol (each 11%). Figure 2 
presents corresponding information for Medicare- 
insured patients, in which ACEIs (37%) and β- blockers 
(36%) were the most often initiated, followed by dihy-
dropyridine CCBs (21%), thiazide diuretics (17%), and 
ARBs (13%). The rank- order of drugs within class was 
generally similar among the Medicare- , compared with 
Medicaid- insured, cohorts.

Antihypertensive use patterns among patients ini-
tiating monotherapy within the Medicaid cohort were 
generally similar to the overall Medicaid cohort in 
terms of rank ordering of classes and drugs within 
class (Figure S3). Likewise, compared with the overall 

Medicare cohort, patients initiating monotherapy had 
similar antihypertensive initiation patterns except that 
ARBs were initiated more often than thiazide diuretics 
(10% versus 7% among monotherapy initiators; 13% 
versus 17% among all Medicare patients) (Figure S4). 
Among patients initiating 2 antihypertensives simulta-
neously, the most common combination was an ACEI 
+ thiazide diuretic (24% of all 2- drug combinations 
overall), which was the preferred 2- drug combination 
in both cohorts (31% of all 2- drug combinations in the 
Medicaid cohort and 18% in the Medicare cohort; 
Table  S4). The next 3 most common combinations 
were ACEI + β- blocker (14% overall), ARB +  thiazide 
diuretic (11% overall), and ACEI + CCB (10% overall). 
Among Medicaid recipients, only 59% of all 2- drug 
combinations were considered guideline- concordant 
(ie, using drugs from 2 first- line antihypertensives) per 
current US guidelines, whereas 36% were partially con-
cordant (combining 1 first- line and 1 second- line anti-
hypertensive) and 5% were fully discordant (Figure S5). 
Among Medicare recipients, 47% of patients initiated 
guideline- concordant 2- drug combinations, whereas 
45% were partially concordant and 8% were fully dis-
cordant (Figure S6). Finally, among all patients initiating 
≥2 antihypertensives concomitantly, nearly one- third 
(33.8%) used at least 1 fixed- dose combination prod-
uct, with a slightly higher proportion among Medicaid 
versus Medicare recipients (35.2% versus 32.7%).

Time Trends
Figure 3 and Figure S7 summarize the proportion of pa-
tients starting each class over time. Notable changes 
from 2013 through 2021 were increased use of dihy-
dropyridine CCBs (20% to 27% overall; P<0.0001) and 
decreased use of β- blockers (32% to 26%; P<0.0001) 
among Medicaid recipients. Dihydropyridine CCB ini-
tiation also increased over time in Medicare recipients 
(20% in 2013 to 24% in 2017), whereas no change was 

Baseline characteristic

New antihypertensive users

Overall cohort 
(N=143 054)

Medicaid cohort 
(N=71 774)

Medicare cohort 
(N=71 280) SMD†

2015 27 205 (19.0%) 11 039 (15.4%) 16 166 (22.7%)

2016 19 283 (13.5%) 10 664 (14.9%) 8619 (12.1%)

2017 18 661 (13.0%) 9694 (13.5%) 8967 (12.6%)

2018 8963 (6.3%) 8963 (12.5%) 0 (0%)

2019 8164 (5.7%) 8164 (11.4%) 0 (0%)

2020 7520 (5.3%) 7520 (10.5%) 0 (0%)

2021 3787 (2.6%) 3787 (5.3%) 0 (0%)

ASCVD indicates atherosclerotic cardiovascular disease; COPD, chronic obstructive pulmonary disease; EF, ejection fraction; GFR, glomerular filtration rate; 
HF, heart failure; SMD, standardized mean difference; and TIA, transient ischemic attack.

*Individuals who met study eligibility criteria on December 31, 2012.
†Standardized mean difference comparing Medicaid-  vs Medicare- insured populations.

Table. Continued
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Figure 1. Proportion of patients prescribed each antihypertensive class, among Medicaid- insured patients with newly 
treated hypertension.
Numbers to the right of bars represent distinct patients. Patients initiating multiple therapies are included in each category. ACEI 
indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor blocker; and DHP CCB, dihydropyridine calcium 
channel blocker.

29,642
18,772

16,104
14,969

6,622
1,486

964
754
606
583
504

190α1 blocker
K − sparing Diur

Aldo Antag
Vasodilator
α2 agonist

non − DHP CCB
Loop Diuretic

ARB
Thiazide

DHP CCB
β blocker

ACEI

0% 10% 20% 30% 40% 50%
% of Patients Initiating New Antihypertensive

A
n

ti
hy

p
er

te
n

si
ve

 C
la

ss

424

71

1,236

4

27,739

41

132

Fosinopril
Quinapril
Captopril
Ramipril

Benazepril
Enalapril
Lisinopril

0% 25% 50% 75% 100%

A
C

E
 in

h
ib

it
o

rs

5

1,974
149

2,583
1,979

8,871

64
23

3

3,221

Pindolol
Acebutolol

Nebivolol
Nadolol

Bisoprolol
Atenolol

Labetalol
Carvedilol

Propranolol
Metoprolol

0% 25% 50% 75% 100%

β 
b

lo
ck

er
s

90

1,366

33Torsemide
Bumetanide
Furosemide

0% 25% 50% 75% 100%

L
o

o
p

s

2

581
Eplerenone

Spironolactone

0% 25% 50% 75% 100%

A
ld

o
A

n
ta

g
s

9

495

Amiloride
Triamterene

0% 25% 50% 75% 100%

K
−S

p
ar

D
iu

r

591

25Minoxidil
Hydralazine

0% 25% 50% 75% 100%
% of Patients Initiating Class

V
as

o
−

d
ila

to
rs

3
33

71

5,801

266

40

409

Azilsartan
Candesartan
Telmisartan

Irbesartan
Olmesartan

Valsartan
Losartan

0% 25% 50% 75% 100%
A

R
B

s
14,061

5

2
2

2,047

Isradipine
Nicardipine
Felodipine
Nifedipine

Amlodipine

0% 25% 50% 75% 100%

D
H

P
C

C
B

s

677

287Verapamil
Diltiazem

0% 25% 50% 75% 100%

N
o

n
−

D
H

P
s

3

790

14,104

39

38

Chlorothiazide

Metolazone

Indapamide

Chlorthalidone

HCTZ

0% 25% 50% 75% 100%

T
h

ia
zi

d
es

87

47

56

Prazosin
Terazosin

Doxazosin

0% 25% 50% 75% 100%α 1
 b

lo
ck

er
s

719

7

28

Guanfacine
Methyldopa

Clonidine

0% 25% 50% 75% 100%
% of Patients Initiating Class

α 2
 a

g
o

n
is

ts



J Am Heart Assoc. 2023;12:e026652. DOI: 10.1161/JAHA.122.026652 7

Smith et al Initial Antihypertensive Treatment

Figure 2. Proportion of patients prescribed each antihypertensive class, among Medicare- insured patients with newly 
treated hypertension.
Numbers to the right of bars represent distinct patients. Patients initiating multiple therapies are included in each category. 
ACEI indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor blocker; DHP CCB, dihydropyridine calcium 
channel blocker; and DRI, direct renin inhibitor (aliskiren).
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observed for β- blockers. ACEI initiation decreased 
modestly overall (39% to 36%; P<0.0001) and in each 
cohort separately, as did thiazide use (Medicaid, 26% 
to 16%, P<0.0001; Medicare, 18% to 14%, P<0.0001). 
ARB initiation increased by a similar magnitude 
(Medicaid, 3% to 13%, P<0.0001; Medicare, 11% to 
15%, P<0.0001). Time trends of drug within class are 
presented in Figures  S8 and S9. Analyses limited to 
patients initiating monotherapy showed remarkably 
similar trends (data not shown).

Stratified Analyses: Demographics and 
Comorbidities
The proportions of patients initiating each of the 5 
major classes across prespecified strata are summa-
rized in Figure 4 (Medicaid) and Figure 5 (Medicare), 
with additional detailed data in Table  S5. Among 
both cohorts, men were more likely than women to 
initiate ACEIs, whereas the reverse was true for thi-
azides, especially among Medicaid recipients (Panel 
A). Black patients were more likely to initiate CCBs 

Figure 3. Time trends in initial use of antihypertensive classes, 2013 to 2021.
A, Medicaid- insured individuals; (B) Medicare- insured individuals. All trends for major classes of 
antihypertensives in each cohort were significant at P<0.0001, except β- blockers in the Medicare cohort, 
P=0.48, using the Cochrane– Armitage test. ACEI indicates angiotensin- converting enzyme inhibitor; 
ARB, angiotensin receptor blocker; DHP CCB, dihydropyridine calcium channel blocker; and DRI, direct 
renin inhibitor (aliskiren).
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(primarily dihydropyridine CCBs) or thiazides, com-
pared with White and Asian patients in both cohorts 
(Panel B). Black patients, compared with White and 
Asian patients, were also less likely to initiate ACEIs 
in the Medicaid cohort, whereas no meaningful dif-
ference was observed in Medicare- insured individu-
als. Additional analyses among monotherapy- treated 
Black participants with and without CKD or HF are 
summarized in Figure  S10. Briefly, comparing those 

with either CKD or HF versus without CKD nor HF, we 
observed fewer patients initiating ACEIs (24% versus 
27% [SMD, 0.08] in the Medicaid cohort; 20% versus 
31% [SMD, 0.26] in the Medicare cohort) and thiazides 
(12% versus 18% [SMD, 0.16] in Medicaid; 6% versus 
12% [SMD, 0.23] in Medicare), and similar proportions 
initiating ARBs. In the Medicare cohort, β- blocker use 
was much higher in the CKD/HF population (36%) 
compared with those with neither CKD nor HF (22%; 

Figure 4. Proportion of Medicaid- insured patients prescribed first- line antihypertensive classes, stratified by selected 
demographics and comorbidities.
Data are presented by sex (A), race including only racial groups with sufficient representation (B), ethnicity (C), and presence/absence 
of type 2 diabetes (D), CKD (E), or clinical ASCVD (F). Legends for each panel correspond to darker or lighter shaded bars within 
each antihypertensive class. ACEI indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASCVD, 
atherosclerotic cardiovascular disease; CCB, calcium channel blocker; CKD, chronic kidney disease; and T2DM, type 2 diabetes 
mellitus.
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SMD, 0.31), whereas we observed little difference in 
β- blocker use in these populations among Medicaid- 
insured (22% versus 18%; SMD, 0.08).

Hispanic patients had moderately higher initiation 
of ACEI or ARB therapy and lower initiation of CCBs 
or β- blockers in each cohort (Figures 4 and 5, Panel 
C). Diabetes, versus no diabetes, was associated with 
greater ACEI but not ARB use in both cohorts, as well 
as higher β- blocker use, but lower CCB and thiazide 

use (Figures  4 and 5, Panel D). ACEIs were initiated 
in only 30% of patients meeting CKD criteria overall 
(Medicaid, 35%; Medicare, 28%), versus 40% of those 
not meeting CKD criteria (Medicaid, 42%; Medicare, 
39%); CCBs and β- blockers were each initiated con-
siderably more commonly in those with CKD, whereas 
thiazides were initiated more commonly in those with-
out CKD (Figures  4 and 5, Panel E). Finally, among 
patients with ASCVD in both cohorts, approximately 

Figure 5. Proportion of Medicare- insured patients prescribed first- line antihypertensive classes, stratified by selected 
demographics and comorbidities.
Data are presented by sex (A), race including only racial groups with sufficient representation (B), ethnicity (C), and presence/absence 
of type 2 diabetes (D), CKD (E), or clinical ASCVD (F). Legends for each panel correspond to darker or lighter shaded bars within 
each antihypertensive class. ACEI indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASCVD, 
atherosclerotic cardiovascular disease; CCB, calcium channel blocker; CKD, chronic kidney disease; and T2DM, type 2 diabetes 
mellitus.
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half initiated a β- blocker, whereas only 10% initiated a 
thiazide, and use of other classes differed only mod-
estly (≤6%) between those with and without ASCVD 
(Figures 4 and 5, Panel F).

DISCUSSION
In this large, population- based study, we character-
ized antihypertensive regimens among patients with 
newly treated hypertension. We focused our cohort 
among Medicare and Medicaid recipients who initi-
ated ≥1 first- line antihypertensive classes (including 
β- blockers, considered first- line therapy during a por-
tion of our study years), to better understand treatment 
initiation patterns and to complement existing literature 
that provide data on prevalent hypertension cohorts. 
Our principal findings are that initiation of monotherapy 
remains remarkably common, and significant variation 
exists in initial antihypertensive regimens, with ≤41% 
of patients prescribed any single class in either study 
population. Within classes, there exists very little varia-
tion in choice of initial antihypertensive drug, especially 
among current first- line therapies (ACEI, ARB, CCBs, 
and thiazides), in which a single drug predominates 
in ≥70% of cases. Time trends in antihypertensive ini-
tiation have remained fairly stable, although ACEI and 
β- blocker use (among Medicaid recipients) has de-
creased significantly, replaced by increased dihydro-
pyridine CCB and ARB use between 2013 and 2021. 
Finally, we observed notable differences in antihyper-
tensive initiation in stratified analyses across demo-
graphic and clinical characteristics. To our knowledge, 
this is one of the largest and most detailed characteri-
zations of real- world utilization of antihypertensives in 
newly treated patients.

Limited data have been published regarding ini-
tial use of antihypertensive classes. A recent study 
examined time trends in first- line antihypertensives 
between 2008 and 2017 in Medicare recipients, pri-
marily focused on patients initiating monotherapy.18 
In that population, thiazide initiation decreased and 
CCB initiation increased, similar to our findings. In 
contrast, they found reduced initiation of β- blockers 
over time, whereas we observed stable β- blocker 
initiation, though β- blockers remain one of the most 
commonly initiated antihypertensives through 2017 in 
both studies. Finally, they observed increased use of 
ACEIs and ARBs, particularly among individuals with-
out any comorbidities. It remains unclear to what ex-
tent this finding was driven by increased ACEI initiation, 
ARB initiation, or both. Among both our Medicare and 
Medicaid populations, we found consistent decreases 
in ACEI initiation over time, whereas ARB initiation 
increased in both cohorts.18 Thus, it is possible that 
these findings are consistent. On the other hand, our 

data suggest that comparatively few patients initiate 
ARBs compared with ACEIs, even in the most recent 
years. Few other studies have explicitly characterized 
antihypertensive new user regimens; however, some 
additional insights may be gleaned from “real- world” 
comparative effectiveness studies enrolling only new 
antihypertensive users. For example, the LEGEND- 
HTN (Large scale Evidence Generation and Evaluation 
across a Network of Databases for hypertension) 
study included only new antihypertensive users of first- 
line antihypertensives from multiple claims and EHR- 
based cohorts and found, similar to our study, that 
ACEIs were the most common antihypertensive initi-
ated across multiple claims and EHR- based cohorts, 
followed by dihydropyridine CCBs, thiazides, ARBs, 
and nondihydropyridine CCBs (β- blockers were not 
studied).19

Compared with recent data from US prevalent hy-
pertension cohorts, our findings regarding initial anti-
hypertensive classes share some similarities but also 
noteworthy differences. For example, a recent analysis 
of National Health and Nutrition Examination Survey 
data found that from 2013 to 2016, nearly three- 
quarters (74%) of antihypertensive regimens contained 
an ACEI or ARB, whereas 43% contained a diuretic, 
35% contained a β- blocker, and 29% contained a 
CCB.13 Our data, as well, showed ACEIs as the pre-
dominant class initiated overall and in the Medicaid co-
hort for every year over the study period and only used 
marginally less in the Medicare cohort. However, we 
observed considerably lower proportions of initial reg-
imens containing CCBs (<25%) and thiazides (<20%), 
despite having a considerably higher proportion of 
Black patients and, as might be expected with a newly 
diagnosed hypertensive population, fewer patients with 
diagnosed CKD or HF, than in the National Health and 
Nutrition Examination Survey samples. Similar trends 
were observed among those initiating only monother-
apy in our study. Our results also revealed remark-
ably low ARB initiation, though there was evidence 
of a moderate shift over time from ACEI to ARB as 
preferred renin angiotensin system inhibitor. This find-
ing may reflect increasingly robust evidence for their 
equivalent outcomes in hypertension and greater tol-
erability with ARBs,20,21 as well as a narrowing of prac-
tice differences between US and international cohorts, 
the latter of which generally show considerably higher 
ARB initiation among new antihypertensive users.4,22,23 
Finally, among Medicaid recipients, we observed re-
duced initiation of β- blockers and greater initiation of 
dihydropyridine CCBs, such that by 2021, dihydropyri-
dine CCBs (and CCBs, overall) were initiated more fre-
quently than β- blockers. Among Medicare patients, we 
saw a similar rise in dihydropyridine CCB use but no 
change in β- blocker use. These findings are consistent 



J Am Heart Assoc. 2023;12:e026652. DOI: 10.1161/JAHA.122.026652 12

Smith et al Initial Antihypertensive Treatment

with the evolving recognition of dihydropyridine CCB 
effectiveness as antihypertensives and concerns that 
β- blockers still have a role in patients with ASCVD but 
may be less effective at reducing risk of major adverse 
outcomes in uncomplicated hypertension.24– 26

Within antihypertensive classes, we saw remarkably 
little variation in prescribing. For all first- line classes ex-
cept β- blockers, a single drug accounted for ≥70% of 
all initiations within class. Indeed, the 4 predominant 
drugs (lisinopril, amlodipine, hydrochlorothiazide, and 
losartan) accounted for >60% of all antihypertensives 
initiated, and at least 1 of these drugs was present in 
70% of regimens. Analysis of trends over time revealed 
generally stable market for most first- line agents share 
during the study period, with 1 notable exception: losar-
tan made up 64% of all ARB initiations in 2013, increas-
ing to 91% in 2021. Increasing trends were observed in 
both the Medicare-  and Medicaid- insured cohorts over 
time, though the latter tended to initiate losartan at a 
≈10% higher rate each year than the Medicare- insured 
cohort. This increasing use of losartan is somewhat 
surprising in light of the fact that losartan often requires 
twice-  or thrice- daily dosing and has lower persistence 
compared with other ARBs.27

Our overall findings must also be considered in 
the context of the populations in which they were 
observed. Specifically, our data also revealed sev-
eral noteworthy differences in antihypertensive pre-
scribing across demographic variables. Our overall 
cohort comprised ≈57% women, and we observed 
significantly greater initiation of ACEIs and less initia-
tion of thiazides in this group compared with men. This 
finding is qualitatively consistent with prior research 
in prevalent hypertensive cohorts,13 though the mag-
nitudes of difference observed in our population were 
markedly greater. Interestingly, in comparisons across 
races, we found that ACEIs were most commonly ini-
tiated across all races, followed by β- blockers (White 
and Asian patients) and CCBs (Black patients), partic-
ularly in the absence of ASCVD. The greater frequency 
of ACEI initiation observed in Black patients is only par-
tially explained by their greater likelihood of receiving 
dual therapy compared with White patients (29% ver-
sus 25%). Even among Black patients receiving mono-
therapy, renin angiotensin system inhibitors (including 
β- blockers) accounted for >50% of initial regimens 
in both Medicaid-  and Medicare- insured patients. 
Current guidelines recommend a CCB or thiazide di-
uretic in Black patients without compelling indications 
for specific antihypertensive classes,3 yet fewer than 
half of Black patients received such therapy (≈45% of 
all Black patients and ≈46% of those without CKD/HF 
who initiated monotherapy). Also, we observed com-
paratively less initiation of ACEI/ARB therapy in Black 
individuals with diagnosed CKD or HF. Combined with 

recent findings regarding racial disparities in treatment 
intensification,28 our findings may help explain some 
of the well- known disparities in hypertension control 
comparing White and Black Americans.28,29

Our study has several noteworthy limitations. First, 
our cohorts were derived from insurance claims in 
OneFlorida (Medicaid, Medicare), rather than EHR 
data. We chose this approach because insurance 
claims ensure more complete information capture 
(during continuous eligibility periods), whereas an 
EHR- based approach would have likely resulted in 
significant misclassification of prevalent treated hy-
pertension as newly treated hypertension because we 
could not ensure a sustained period of no antihyper-
tensive use before first observed prescription. This de-
sign choice has several important implications. First, 
our study describes only antihypertensives ultimately 
filled by patients. We presume that the conversion rate 
of prescriptions to medication fills was nondifferential 
across first- line classes and thus prescribing patterns 
would reflect similar antihypertensive initiation pat-
terns, but we cannot be certain. Second, although 
we followed well- established and robust methods for 
identifying a new- user cohort from claims data, we 
cannot be certain that all patients initiated therapy 
specifically for hypertension. Indeed, it is plausible 
that some patients, particularly those initiating com-
bination regimens, may have had other indications in 
addition to hypertension that guided antihypertensive 
selection. Accordingly, the prevalences of partially 
concordant and fully discordant combination therapy 
observed may reflect, at least in part, patients with 
multiple comorbid conditions (hypertension and, eg, 
HF, coronary disease, or CKD) in which the comorbid-
ities prompted use of “second- line” therapy. Relatedly, 
we required all patients to initiate ≥1 first- line antihyper-
tensive, and this approach excluded a relatively small 
number of patients initiating second- line agents only 
(Figure S1). Such patients were presumed to be likelier 
to initiate “antihypertensives” for indications other than 
hypertension, which we could not rule out. However, 
it is probable that we excluded some patients who ini-
tiated second- line therapy for hypertension. We sus-
pect these cases are relatively infrequent, as guideline 
recommendations regarding which classes constitute 
first- line therapy (other than for β- blockers) have been 
generally stable for decades. Nevertheless, our anal-
yses of second- line agents overall, and their combi-
nations, should be considered in this context. Fourth, 
we had limited data on socioeconomic information for 
patients included in the study; consequently, we were 
not able to ascertain the extent to which differences in 
socioeconomic status may have influenced (eg, racial 
differences) medication initiation. Finally, our findings 
come from publicly insured individuals and may have 
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limited generalizability to commercially insured or unin-
sured individuals.

In summary, we conducted a detailed character-
ization of antihypertensive initiation patterns in newly 
treated patients with hypertension. Although ACEIs 
were most commonly initiated across almost all analy-
ses, we observed substantial variation across first- line 
classes overall and within prespecified demographic 
and comorbidity strata. We also observed some trends 
suggesting uptake of current clinical guideline recom-
mendations, namely, greater initiation of CCBs and less 
initiation of β- blockers. Nevertheless, we noted several 
findings largely inconsistent with current recommen-
dations in the United States, including infrequent initi-
ation of multidrug regimens, moderately frequent use 
of combination regimens that do not prioritize first- line 
classes, and suboptimal use of some classes in pa-
tients for whom they are explicitly prioritized. Additional 
research is needed to better understand why such ini-
tial treatment choices are made and whether interven-
ing on these factors may improve outcomes in these 
patients.
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SUPPLEMENTAL MATERIAL 
 

  



Table S1. Antihypertensive medications considered acceptable for cohort inclusion. 
 

Antihypertensive Class Medication Name 

Angiotensin converting enzyme inhibitors 

benazepril 
captopril 
enalapril 
fosinopril 
lisinopril 
moexipril 

perindopril 
quinapril 
ramipril 

trandolapril 

Angiotensin receptor blockers 

azilsartan 
candesartan 
eprosartan 
irbesartan 
losartan 

olmesartan 
telmisartan 
valsartan* 

Alpha-blockers 
doxazosin 
prazosin 
terazosin 

Beta-blockers† 

acebutolol 
atenolol 
nadolol 

oxprenolol 
betaxolol 
bisoprolol 
carteolol 
timolol 

bucindolol 
esmolol 
labetalol 

carvedilol 
metoprolol 
propranolol 

nebivolol 
penbutolol 

pindolol 
metipranolol 

Calcium channel blockers 

amlodipine 
felodipine 
isradipine 

nicardipine 
nifedipine‡ 

nisoldipine 
diltiazem 



verapamil 

Centrally acting agents 

clonidine 
guanabenz 
guanfacine 
guanadrel 

guanethidine 
methyldopa 
reserpine 

Direct vasodilators hydralazine 
minoxidil 

Direct renin inhibitors aliskiren 

Aldosterone receptor antagonists spironolactone 
eplerenone 

Loop diuretics 

bumetanide 
ethacrynic acid 

furosemide 
torsemide 

Potassium-sparing diuretics amiloride 
triamterene 

Thiazide and thiazide-like diuretics 

bendroflumethiazide 
chlorothiazide 
chlorthalidone 

hydrochlorothiazide 
indapamide 
metolazone 

*Excludes sacubitril/valsartan products. 
†Excludes ophthalmologic products. 
‡Excludes nifedipine rectal ointment products. 
  



Table S2. Measurement criteria for baseline characteristics. Variable names are characterized as “TABLE.VARIABLE_NAME” according to the 
PCORnet Common Data Model (version 6.0 at the time of this study). 

 
Variable Definition 
Age Age calculated on the index date based on date of birth in DEMOGRAPHIC.BIRTH_DATE. 
Sex As per DEMOGRAPHIC.SEX 
Race-ethnicity As per DEMOGRAPHIC.RACE and DEMOGRAPHIC.HISPANIC 
Current Smoking Any of the following within one year prior to the index date (including the index date): 

(a) Most recent VITAL.SMOKING in 01, 02, 07, or 08 
(b) ICD-9 codes: 

a. ≥1 hospitalization with a discharge diagnosis code (any position) of tobacco use of 305.1, 649.0x, 989.84, or V15.82 in any discharge 
position 

b. ≥1 physician evaluation and management visit with a discharge diagnosis code (any position) of tobacco use of 305.1, 649.0x, 989.84, or 
V15.82 in any discharge position  

(c) ICD-10 codes: 
a. ≥1 hospitalization with a discharge diagnosis code (any position) of tobacco use of F17.200, F17.201, F17.210, F17.211, F17.220, 

F17.221, F17.290, F17.291, or Z87.891 in any discharge position 
b.  ≥1 outpatient visit with a discharge diagnosis code (any position) of tobacco of F17.200, F17.201, F17.210, F17.211, F17.220, F17.221, 

F17.290, F17.291, or Z87.891 in any discharge position 
(d) ≥1 visit with an evaluation and management code and evidence of tobacco use, identified via CPT code (any position) of 99406, 99407, G0436, 

G0437, G9016, S9453, S4995, G9276, G9458, 1034F, 4004F, or 4001F 
(e) ≥1 pharmacy prescription or fill for nicotine or varenicline in the 365 days before the index date (including the index date). 

Insurance type As per ENCOUNTER.PAYER_TYPE_PRIMARY on index encounter (if specified). Categorized as Medicare, Medicaid, Other Government, Commercial 
Insurance and Managed Care, Self-pay or charity care, Other, or Unknown. 

Diabetes  Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of 250.xx, 357.2, 362.0x, or 366.41. 
b. At least 2 outpatient claims with diagnosis code (any position) of 250.xx, 357.2, 362.0x, or 366.41, with the 2 claims occurring ≥7 days apart. 

(b) ICD-10 codes: 
a. ≥1 inpatient claim with a discharge diagnosis code (any position) of E0836, E08.42, E09.36, E09.42, E10.10, E10.11, E10.29, E10.311, 

E10.319, E10.36, E10.39, E10.40, E10.42, E10.51, E10.618, E10.620, E10.621, E10.622, E10.628, E10.630, E10.638, E10.641, E10.649, 
E10.65, E10.69, E10.8, E10.9, E11.00, E11.01, E11.29, E11.311, E11.319, E11.329, E11.339, E11.349, E11.359, E11.36, E11.39, E11.40, 
E11.42, E11.51, E11.618, E11.620, E11.621, E11.622, E11.628, E11.630, E11.638, E11.641, E11.649, E11.65, E11.69, E11.8, E11.9, 
E13.10, E13.36, or E13.42. 

b. ≥2 outpatient claims with diagnosis code (any position) of E0836, E08.42, E09.36, E09.42, E10.10, E10.11, E10.29, E10.311, E10.319, 
E10.36, E10.39, E10.40, E10.42, E10.51, E10.618, E10.620, E10.621, E10.622, E10.628, E10.630, E10.638, E10.641, E10.649, E10.65, 
E10.69, E10.8, E10.9, E11.00, E11.01, E11.29, E11.311, E11.319, E11.329, E11.339, E11.349, E11.359, E11.36, E11.39, E11.40, E11.42, 
E11.51, E11.618, E11.620, E11.621, E11.622, E11.628, E11.630, E11.638, E11.641, E11.649, E11.65, E11.69, E11.8, E11.9, E13.10, 
E13.36, or E13.42, with the 2 claims occurring ≥7 days apart. 

(c) ≥1 prescription or fill for an oral or injectable antidiabetic drug in the one-year pre-index period. 
(d) Positive indication of T2DM via the PCORnet-validated T2DM phenotype 

Chronic kidney 
disease 

Any of the following using all available diagnoses prior to the index date (including the index date): 
(a) ICD-9 codes: 



a. ≥1 inpatient claim with a discharge diagnosis code (any position) of 585.5, 585.1, 582.9, 582.81, 582.2, 585.9, 581, 404.9, 403.9, 403.1, 
249.41, 637.32, 637.31, 580, 442.1, 404.1, 250.43, 249.4, 581.3, 404.12, 404, 403, 250.42, 582.89, 582.4, 582, 581.1, 404.02, 403.11, 
250.4, 639.3, 585.2, 585, 580.81, 586, 581.9, 581.81, 403.91, 585.6, 585.3, 582.1, 580.8, 403.01, 582.8, 580.89, 404.93, 250.41, 637.3, 
404.92, 585.4, 581.89, 581.8, 580.9, 404.13, 581.2, 404.91, 404.11, 404.03, or 404.01. 

b. At least 2 outpatient claims with diagnosis code (any position) of 585.5, 585.1, 582.9, 582.81, 582.2, 585.9, 581, 404.9, 403.9, 403.1, 
249.41, 637.32, 637.31, 580, 442.1, 404.1, 250.43, 249.4, 581.3, 404.12, 404, 403, 250.42, 582.89, 582.4, 582, 581.1, 404.02, 403.11, 
250.4, 639.3, 585.2, 585, 580.81, 586, 581.9, 581.81, 403.91, 585.6, 585.3, 582.1, 580.8, 403.01, 582.8, 580.89, 404.93, 250.41, 637.3, 
404.92, 585.4, 581.89, 581.8, 580.9, 404.13, 581.2, 404.91, 404.11, 404.03, or 404.01, with the 2 claims occurring ≥7 days apart. 

(b) ICD-10 codes: 
a. ≥1 inpatient claim with a discharge diagnosis code (any position) of E11.29, N26.2, E10.29, I13.11, E11.22, E11.21, O10.311, O10.213, 

O10.33, O10.312, E09.29, O10.211, M32.14, E13.22, E09.22, O10.32, O10.313, E13.29, E10.21, E09.21, E08.22, Q87.81, O10.212, 
N18.6, E10.22, I13.10, E13.21, O10.319, O10.23, O10.22, O10.219, E08.21, P96.0, N99.0, N19, N18.9, N18.5, N18.4, N18.3, N18.2, 
N18.1, N07.7, N07.5, N07.4, N07.3, N07.2, N05.9, N05.8, N05.7, N05.6, N05.5, N05.4, N05.3, N05.2, N05.1, N05.0, N04.9, N04.8, N04.7, 
N04.6, N04.5, N04.4, N04.3, N04.2, N04.1, N04.0, N03.9, N03.8, N03.7, N03.6, N03.5, N03.4, N03.3, N03.2, N03.1, N03.0, N02.7, N02.6, 
N02.4, N00.7, I72.2, I13.2, I13.0, I12.9, I12.0, O10.31, O10.3, O10.21, O10.2, N18, N05, N04, N03, I13.1, I13, I12, E13.2, E11.2, E10.2, or 
E09.2.  

b. ≥1 outpatient claim with a diagnosis code (any position) of E11.29, N26.2, E10.29, I13.11, E11.22, E11.21, O10.311, O10.213, O10.33, 
O10.312, E09.29, O10.211, M32.14, E13.22, E09.22, O10.32, O10.313, E13.29, E10.21, E09.21, E08.22, Q87.81, O10.212, N18.6, E10.22, 
I13.10, E13.21, O10.319, O10.23, O10.22, O10.219, E08.21, P96.0, N99.0, N19, N18.9, N18.5, N18.4, N18.3, N18.2, N18.1, N07.7, N07.5, 
N07.4, N07.3, N07.2, N05.9, N05.8, N05.7, N05.6, N05.5, N05.4, N05.3, N05.2, N05.1, N05.0, N04.9, N04.8, N04.7, N04.6, N04.5, N04.4, 
N04.3, N04.2, N04.1, N04.0, N03.9, N03.8, N03.7, N03.6, N03.5, N03.4, N03.3, N03.2, N03.1, N03.0, N02.7, N02.6, N02.4, N00.7, I72.2, 
I13.2, I13.0, I12.9, I12.0, O10.31, O10.3, O10.21, O10.2, N18, N05, N04, N03, I13.1, I13, I12, E13.2, E11.2, E10.2, or E09.2, with the 2 
claims occurring ≥7 days apart. 

(c) Estimated glomerular filtration rate of <60 mL/min/1.73 m2.The eGFR value used is as defined above for eGFR. 
(d) Positive indication of CKD via the eMERGE-validated phenotype 

Heart failure with 
reduced ejection 
fraction 

Any one of the following using all available claims before the index date: 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with discharge diagnosis code (any position) of 428.0x, 428.1x, 428.2x, or 428.4x. 
b. ≥2 outpatient claims on separate calendar days with diagnosis code (any position) of 428.0x, 428.1x, 428.2x, or 428.4x. 

(b) ICD-10 codes: 
a. ≥1 inpatient claim with discharge diagnosis code (any position) of I50.1, I50.2x, I50.4x, or I50.9. 
b. ≥2 outpatient claims on separate calendar days with diagnosis code (any position) of I50.1, I50.2x, I50.4x, or I50.9. 

(c) At least one prescription for sacubitril/valsartan in the 104 days prior to the index date. 
History of CHD 
 
 
 
 

Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 encounter with a discharge diagnosis code (any position) of 410.xx-414.xx, V45.81, or V45.82. 
b. ≥2 outpatient encounter with diagnosis code (any position) of 410.xx-414.xx, V45.81, or V45.82. 

(b) ICD-10 codes: 
a. ≥1 inpatient encounter with a discharge diagnosis code (any position) of I20.0, I21.xx, I22.xx, I24.0, I24.8, I24.9, I25.10, I25.110, I25.700, 

I25.710, I25.720, I25.730, I25.750, I25.760, I25.790, I25.810, I25.811, I25.812, I25.3, I25.41, I25.42, Z95.1, or Z98.61. 
b. ≥2 outpatient encounters with diagnosis codes of codes I20.0, I21.xx, I22.xx, I24.0, I24.8, I24.9, I25.10, I25.110, I25.700, I25.710, I25.720, 

I25.730, I25.750, I25.760, I25.790, I25.810, I25.811, I25.812, I25.3, I25.41, I25.42, Z95.1, or Z98.61. 
 
Patients who met the definition of a prior coronary revascularization, as defined below, are also considered to have a history of CHD. 



Prior coronary 
revascularization  

Defined by ≥1 inpatient or outpatient procedure with a CPT code for coronary revascularization (33510-33519, 33521-33523, 33530, 33533-33536, 92920, 
92921, 92924, 92925, 92928, 92929, 92933, 92934, 92937, 92938, 92941, 92943, 92944, 92980, 92981, 92982, 92984, or 92996), an ICD-9 procedure 
code (any position) of 00.66, 36.0, 36.01-36.19, or 36.2, or an ICD-10 procedure code starting with any of the following: 0210, 0211, 0212, 0213, 0270, 
0271, 0272, 0273, 02C0, 02C1, 02C2, 02C3, or 3E07 using all available claims prior to the index date (including the index date). In addition to having 1 
inpatient or outpatient procedure, patients are required to meet ≥1 of the following criteria: 

(a) Have no inpatient claims with a discharge diagnosis code for acute myocardial infarction (ICD-9 codes 410.x0 or 410.x1 or ICD-10 codes I21.xx 
or I22.xx) within 60 days prior to the procedure. 

(b) Have primary discharge diagnosis code for non-elective CHD-related hospitalization prior to the index date (including the index date): 
a. Arrhythmia: ICD-9 diagnosis code of 427.xx [except 427.5] or ICD-10 diagnosis code of I47.1, I47.2, I47.9, I48.91, I48.92, I49.01, I49.02, 

I49.1, I49.3, I49.40, I49.49, I49.5, I49.8, I49.9, R00.1. 
b. Cardiac arrest: ICD-9 diagnosis code of 427.5, or ICD-10 diagnosis code of I46.9. 
c. Heart failure: ICD-9 diagnosis code of 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, or 428.x, or ICD-10 

diagnosis code of I11.0, I13.0, I13.2, I50.1, I50.20, I50.21, I50.22, I50.23, I50.30, I50.31, I50.32, I50.33, I50.40, I50.41, I50.42, I50.43, or 
I50.9. 

d. Unstable angina: ICD-9 diagnosis code of 411.xx or ICD-10 diagnosis code of I20.0, I24.0, I24.1, I24.8. 
History of Stroke Any of the following using all available claims prior to the index date (including the index date): 

(a) ICD-9 codes: 
a. ≥1 inpatient claim with a discharge diagnosis code in the primary or secondary position of 433.x1 or 434.x1. 
b. ≥1 outpatient claim with a diagnosis code (any position) of 433.x1 or 434.x1. 

(b) ICD-10 codes: 
a. ≥1 inpatient discharge diagnosis code in the primary or secondary position of I63.xx. 
b. ≥1 outpatient claim with diagnosis code (any position) of I63.xx. 
c. ≥1 inpatient ICD-10 procedure code of 03CH0ZZ, 03CH4ZZ, 03CJ0ZZ, 03CJ4ZZ, 03CK0ZZ, 03CK4ZZ, 03CL0ZZ, 03CL4ZZ, 03CM0ZZ, 

03CM4ZZ, 03CN0ZZ, 03CN4ZZ, 03RH07Z, 03RH0JZ, 03RH0KZ, 03RH47Z, 03RH4JZ, 03RH4KZ, 03RJ07Z, 03RJ0JZ, 03RJ0KZ, 
03RJ47Z, 03RJ4JZ, 03RJ4KZ,03RK07Z, 03RK0JZ, 03RK0KZ, 03RK47Z, 03RK4JZ, 03RK4KZ, 03RL07Z, 03RL0JZ, 03RL0KZ, 03RL47Z, 
03RL4JZ, 03RL4KZ, 03RM07Z, 03RM0JZ, 03RM0KZ, 03RM47Z, 03RM4JZ, 03RM4KZ, 03RN07Z, 03RN0JZ, 03RN0KZ, 03RN47Z, 
03RN4JZ, or 03RN4KZ. 

(c) CPT codes: ≥1 inpatient or outpatient claim with a CPT code for carotid revascularization of 35301, 35390, 37215, 37216, 0005T, 0075T, or 
0076. 

History of PAD Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of 440.20-440.24, 440.31, 444.2, 443.9, or 444.81. 
b. ≥2 physician evaluation and management or outpatient claims with diagnosis code (any position) of 440.20-440.24, 440.31, 444.2, 443.9, or 

444.81 on separate days. 
(b) ICD-10 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of I70.209, I70.219, I70.229, I70.25, I70.269, I70.499, I73.9. 
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of I70.209, I70.219, I70.229, I70.25, 

I70.269, I70.499, I73.9 on separate days. 
(c) CPT codes: ≥1 inpatient or outpatient claim with a CPT code of 37205 or 75962. 

History of ASCVD Defined by a history of CHD, cerebrovascular disease, or peripheral artery disease, as defined above. 
End-stage renal 
disease 

Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of 585.5. 
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of 585.5. 



(b) ICD-10 codes: 
a. ≥1 inpatient claim with a discharge diagnosis code (any position) of N18.6.  
a. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of N18.6. 

History of kidney 
transplant 

Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of V42.0.  
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of V42.0. 

(b) ICD-10 codes: 
a. ≥1 inpatient claim with a discharge diagnosis code (any position) of Z94.0. 
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of Z94.0. 

Atrial fibrillation Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of 427.31.  
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of 427.31. 

(b) ICD-10 codes: 
a. ≥1 inpatient claim with a discharge diagnosis code (any position) of I48.0, I48.2, I48.91. 
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of I48.0, I48.2, I48.91. 

Chronic obstructive 
pulmonary disease 

Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of 491.x or 492.x or 496.x.  
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of 491.x or 492.x or 496.x. 

(b) ICD-10 codes: 
a. ≥1 inpatient claim with a discharge diagnosis code (any position) of J41.x, J42.x, J43.x, or J44.x. 
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of J41.x, J42.x, J43.x, or J44.x. 

Asthma Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of 493.x. 
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of 493.x. 

(b) ICD-10 codes: 
a. ≥1 inpatient claim with a discharge diagnosis code (any position) of J45.x. 
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of J45.x. 

History of 
depression 

Any of the following using all available claims prior to the index date (including the index date): 
(a) ICD-9 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of 296.2, 296.3, 296.5, 300.4, 309.x, or 311. 
b. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of 296.2, 296.3, 296.5, 300.4, 309.x, or 

311. 
(b) ICD-10 codes: 

a. ≥1 inpatient claim with a discharge diagnosis code (any position) of F20.4, F31.3-F31.5, F32.x, F33.x, F34.1, F41.2, or F43.2. 
c. ≥2 physician evaluation and management or outpatient claims with a diagnosis code (any position) of F20.4, F31.3-F31.5, F32.x, F33.x, 

F34.1, F41.2, or F43.2. 
Charlson 
Comorbidity Score 

Continuous variable to represent chronic disease burden. Calculated according to Elixhauser method using publicly available MINI-SENTINEL software. 



Aspirin Use At least 1 dispensing record with a DISPENSING.NDC value representing a product containing aspirin (including combination products). The list of NDC 
values reflecting aspirin-containing products is derived from the National Library of Medicine’s RxNorm medical terminology 
(https://www.nlm.nih.gov/research/umls/rxnorm/index.html) and can be viewed here: https://github.com/ssmithm/rxnorm-drug-lists  

Statin Use At least 1 dispensing record with a DISPENSING.NDC value representing a product containing any statin (including combination products). The list of NDC 
values reflecting statin-containing products is derived from the National Library of Medicine’s RxNorm medical terminology 
(https://www.nlm.nih.gov/research/umls/rxnorm/index.html) and can be viewed here: https://github.com/ssmithm/rxnorm-drug-lists  

  

https://www.nlm.nih.gov/research/umls/rxnorm/index.html
https://github.com/ssmithm/rxnorm-drug-lists
https://www.nlm.nih.gov/research/umls/rxnorm/index.html
https://github.com/ssmithm/rxnorm-drug-lists


Table S3. Number of antihypertensives initially started, stratified by insurance. 
 

No. of Antihypertensives 

Pooled Medicaid 
and Medicare 
(N=143,054) 

Medicaid-Insured 
(n=71,774) 

Medicare-Insured 
(N=71,280) 

Crude Prevalence    
1 75.4% 78.6% 72.2% 
2 18.8% 16.9% 20.6% 
3+ 5.8% 4.5% 7.2% 
Age-Adjusted Prevalence    
1 81.4% 82.1% 83.4% 
2 15.0% 14.6% 13.0% 
3+ 3.6% 3.3% 3.6% 

Age-adjusted (direct method) to 2000 U.S. Census population (single ages to 84 and 85+ years).  



Table S4. Class combinations and frequencies for patients initiating dual 
antihypertensive therapy. 
 

Class Combination 
Combined Cohort 

(n = 26,840) 
Medicaid 

(n = 12,152) 
Medicare 

(n = 14,688) 
ACEI + Thiazide 6,419 (23.9%) 3,720 (30.6%) 2,699 (18.4%) 
ACEI + β-blocker 3,820 (14.2%) 1,534 (12.6%) 2,286 (15.6%) 
ARB + Thiazide 2,893 (10.8%) 1,230 (10.1%) 1,663 (11.3%) 
ACEI + CCB 2,792 (10.4%) 1,271 (10.5%) 1,521 (10.4%) 
β-blocker + CCB 2,052 (7.6%) 869 (7.2%) 1,183 (8.1%) 
β-blocker + Thiazide 1,100 (4.1%) 526 (4.3%) 574 (3.9%) 
Thiazide + K-sparing diuretic 1,031 (3.8%) 390 (3.2%) 641 (4.4%) 
CCB + Thiazide 1,001 (3.7%) 626 (5.2%) 375 (2.6%) 
β-blocker + Loop diuretic 975 (3.6%) 278 (2.3%) 697 (4.7%) 
ARB + CCB 878 (3.3%) 300 (2.5%) 578 (3.9%) 
ARB + β-blocker 866 (3.2%) 277 (2.3%) 589 (4.0%) 
ACEI + Loop diuretic 524 (2.0%) 157 (1.3%) 367 (2.5%) 
CCB + α2 agonist 204 (0.8%) 109 (0.9%) 95 (0.6%) 
β-blocker + α2 agonist 202 (0.8%) 96 (0.8%) 106 (0.7%) 
β-blocker + Vasodilator 206 (0.8%) 76 (0.6%) 130 (0.9%) 
ACEI + α2 agonist 193 (0.7%) 102 (0.8%) 91 (0.6%) 
CCB + Vasodilator 153 (0.6%) 76 (0.6%) 77 (0.5%) 
Other combinations 1,531 (5.7%) 515 (4.2%) 1,016 (6.9%) 

 
 



Table S5. Stratified analyses with standardized mean differences, by demographic and comorbidity categories. 
 

Class 

Sex Race Ethnicity T2DM CKD ASCVD 

Women Men SMD Asian Black White SMD Hispanic 
Non-

Hispanic SMD T2DM 
no 

T2DM SMD CKD 
no 

CKD SMD ASCVD 
no 

ASCVD SMD 
Medicaid, n 43,011 28,760  659 22,041 25,304  13,016 44,696  13,802 57,972  5,111 66,663  4,229 67,545  

ACEI 37.3% 47.2% 0.20 41.1% 33.7% 44.3% 0.15 46.2% 39.1% 0.14 50.6% 39.1% 0.23 34.7% 41.8% 0.15 39.7% 41.4% 0.03 
ARB 9.1% 9.5% 0.01 14.4% 7.8% 8% 0.14 12.6% 7.6% 0.16 9.9% 9.1% 0.03 8.4% 9.3% 0.03 8.7% 9.3% 0.02 
CCB 22.7% 25.4% 0.06 22.0% 34.0% 17.7% 0.25 15.9% 25.9% 0.25 17.4% 25.3% 0.19 32.4% 23.1% 0.21 21.2% 23.9% 0.07 
BB 26.8% 25.2% 0.04 24.7% 22.7% 30.1% 0.11 23.5% 26.7% 0.07 34.7% 24.1% 0.23 34.6% 25.5% 0.2 52.4% 24.5% 0.6 
Thiazide 23.5% 16.9% 0.17 17.5% 26.9% 16.8% 0.16 19.4% 21.8% 0.06 13.2% 22.7% 0.25 14.8% 21.3% 0.17 9.3% 21.6% 0.34 

Medicare, n 38,544 32,733  788 11,773 44,852  9,664 54,787  15,831 55,449  12,515 58,765  13,187 58,093  
ACEI 34.2% 39.6% 0.11 38.1% 36.7% 35.8% 0.03 39.4% 36% 0.07 43.3% 34.8% 0.17 28.3% 38.5% 0.22 31.9% 37.8% 0.12 
ARB 14.6% 11.8% 0.08 16.9% 11.7% 13.1% 0.10 17.2% 12.5% 0.13 13.7% 13.2% 0.01 13.3% 13.3% <0.01 11.8% 13.7% 0.06 
CCB 24% 24.5% 0.01 27% 34.4% 22.4% 0.18 19.7% 25.2% 0.13 20.2% 25.4% 0.12 31% 22.8% 0.18 24.1% 24.3% <0.01 
BB 34.5% 37.5% 0.06 31.7% 31.1% 38.3% 0.10 32.9% 36.9% 0.08 39.4% 34.9% 0.09 44.7% 34% 0.22 48.7% 33% 0.32 
Thiazide 18.8% 14.7% 0.11 13.7% 23.5% 15.2% 0.17 16.4% 17% 0.02 13% 18.1% 0.14 11.5% 18.1% 0.19 9.6% 18.6% 0.26 

ACEI indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardiovascular disease; BB, β-
blocker; CCB, calcium channel blocker; CKD, chronic kidney disease; SMD, standardized mean difference; T2DM, type 2 diabetes mellitus. 

 
 
 



Figure S1. Study design schematic for building the new antihypertensive user cohort.  
 

 
A 1-year look-back period was required for all patients, thus the earliest possible enrollment 
date was December 31, 2012 (for patients with continuous enrollment for all of 2012), using all 
of 2012 as the look-back period, and the latest possible enrollment date was December 31, 
2017 (for Medicare) or September 30, 2021 (for Medicaid).    



Figure S2. Flow diagram for cohort development.  
 

 



Figure S3. Antihypertensive use among Medicaid-insured patients initiating monotherapy 
only.  
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Figure S4. Antihypertensive use among Medicare-insured patients initiating monotherapy 
only.  
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Figure S5. Dual combination therapy initiation and concordance with current U.S. 
hypertension guidelines, among Medicaid-insured patients.  
 

 
The plot summarizes combination therapy for all Medicaid patients initiating exactly 2 
antihypertensives (n = 13,352). Patients initiating triamterene as part of a fixed dose 
combination (n=414 [3.1%]) as well as those initiating two distinct drugs within the same class 
(n=47 [0.4%]) are not shown. Guideline concordance was defined as “concordant” (initiated two 
f irst-line classes [ACEI, ARB, CCB, or thiazide]), “partially concordant” (one first-line class 
combined with a non-first-line class), and “discordant” (no first-line class). Patients initiating an 
ACEI + ARB were considered “discordant.”  

Guideline concordance
Concordant (58.8%)
Partially-Concordant (36.2%)
Discordant (5.0%)



Figure S6. Dual combination therapy initiation and concordance with current U.S. 
hypertension guidelines, among Medicare-insured patients.  
 

 
The plot summarizes combination therapy for all patients initiating exactly 2 antihypertensives (n 
= 16,471). Patients initiating triamterene as part of a fixed dose combination (n=683 [4.1%]) as 
well as those initiating two distinct drugs within the same class (n=60 [0.4%]) are not shown. 
Guideline concordance was defined as “concordant” (initiated two first-line classes [ACEI, ARB, 
DHP CCB, or thiazide]), “partially concordant” (one first-line class combined with a non-first-line 
class), and “discordant” (no first-line class). Patients initiating an ACEI + ARB were considered 
“discordant.”  

Guideline concordance
Concordant (46.6%)
Partially-Concordant (45.4%)
Discordant (8.0%)



Figure S7. Detailed view of time trends in initial use of second-line antihypertensive 
classes, stratified by cohort.  
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Figure S8. Time trends in initial use of individual antihypertensives within first-line 
classes, among Florida Medicaid-insured patients, 2013-2021.  
 

 
Antihypertensives that never achieved ≥5% class share during the study period are unlabeled.  
AML, amlodipine; ATEN, atenolol; CARV, carvedilol; DILT, diltiazem; ENAL, enalapril; CTLD, 
chlorthalidone; HCTZ, hydrochlorothiazide; LAB, labetalol; LIS, lisinopril; LOS, losartan; MET, 
metoprolol; NIF, nifedipine; OLM, olmesartan; PROP, propranolol; VAL, valsartan.   



Figure S9. Time trends in initial use of individual antihypertensives within first-line 
classes, among Medicare-insured patients, 2013-2017. 

 
Antihypertensives that never achieved ≥5% class share during the study period are unlabeled.  
AML, amlodipine; ATEN, atenolol; CARV, carvedilol; DILT, diltiazem; ENAL, enalapril; CTLD, 
chlorthalidone; HCTZ, hydrochlorothiazide; LAB, labetalol; LIS, lisinopril; LOS, losartan; MET, 
metoprolol; NIF, nifedipine; OLM, olmesartan; PROP, propranolol; VAL, valsartan. 
 



Figure S10. Initial antihypertensive utilization among Black patients starting 
monotherapy, overall and stratified by chronic kidney disease and heart failure status.  
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