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Abstract

Patients with apparent treatment-resistant hypertension (aTRH) are at increased

risk of end-organ damage and cardiovascular events. Little is known about the

effects of blood pressure (BP) control in this population. Using a national claims

database integrated with electronic medical records, the authors evaluated the rela-

tionships between uncontrolled BP (UBP; ≥130/80 mmHg) or controlled BP (CBP;

<130/80mmHg) and risk ofmajor adverse cardiovascular events plus (MACE+; stroke,

myocardial infarction, heart failure requiring hospitalization) and end-stage renal dis-

ease (ESRD) in adult patients with aTRH (taking ≥3 antihypertensive medication

classes concurrently within 30 days between January 1, 2015 and June 30, 2021).

MACE+ components were also evaluated separately. Multivariable regression models

were used to adjust for baseline differences in demographic and clinical characteris-

tics, and sensitivity analyses usingCBP<140/90mmHgwere conducted. Patientswith

UBP (n = 22 333) were younger and had fewer comorbidities at baseline than those

with CBP (n = 11 427). In the primary analysis, which adjusted for these baseline dif-

ferences, UBP versus CBP patients were at an 8% increased risk of MACE+ (driven

by a 31% increased risk of stroke) and a 53% increased risk of ESRD after 2.7 years

of follow-up. Greater MACE+ (22%) and ESRD (98%) risk increases with UBP versus

CBPwere seen in the sensitivity analysis. These real-world data showed an association

between suboptimal BP control in patients with aTRH and higher incidence ofMACE+

and ESRD linked with UBP despite the use of multidrug regimens. Thus, there remains

a need for improved aTRHmanagement.
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1 INTRODUCTION

Hypertension is a leading cause of cardiovascular (CV) disease, chronic

kidney disease (CKD), and all-cause mortality.1–3 In 2019, >500 000

deaths in the United States included hypertension as a primary

or contributing cause.4 Nearly half of the US-based adult popu-

lation (∼120 million people) has hypertension.5 According to the

American College of Cardiology (ACC) and American Heart Asso-

ciation (AHA) 2017 guidelines, hypertension is defined as systolic

blood pressure (SBP) >130 mmHg, diastolic blood pressure (DBP)

>80 mmHg, or taking medication for hypertension.6 Before the

ACC/AHA updated their guidelines, target blood pressure (BP) in

other guidelines was 140/90 mmHg.7,8 Several guidelines maintain

<140/90 mmHg as the primary BP target for the general popula-

tion and a target <130/80 mmHg for patients at a higher risk for CV

complications.9,10

Despite the availability of multiple treatment options for hyperten-

sion, many patients face challenges to control their BP and may not

respond to therapy. Among those who receive treatment for hyper-

tension, 10% to 15% have apparent treatment-resistant hypertension

(aTRH).6–8 In 2018, more than 10.3 million adults in the United States

had aTRH.9 The AHA defines aTRH as BP that remains uncontrolled

despite concomitant use of 3 antihypertensive medications of differ-

ent classes or BP that is controlled with the use of≥4 antihypertensive

medication classes.1 These classes typically include a long-acting cal-

cium channel blocker (CCB), an angiotensin-converting enzyme (ACE)

inhibitor or angiotensin receptor blocker (ARB), and a diuretic.6,8,9

Current US-based guidelines recommend mineralocorticoid antago-

nists (MRAs) as the fourth drug class for patients with resistant

hypertension6; however, MRA therapy is generally advised against in

patients with hypertension and advanced stages of CKD.11,12 Thus,

new treatments with novel mechanisms of action could help these

patients.

Limited studies have assessed the impact of BP control on these CV

outcomes among aTRH patients, and there remains a wide knowledge

gap with respect to a larger cohort study. This study evaluated clini-

cal outcomes among patients with aTRH using real-world data from 2

large US healthcare databases. The primary objective was to compare

the risk of major adverse CV events plus (MACE+; stroke [ischemic

or hemorrhagic], myocardial infarction [MI], and heart failure [HF]

requiring hospitalization) between aTRH patients with uncontrolled

BP (UBP) versus those with controlled BP (CBP). Individual MACE+

components and end-stage renal disease (ESRD) were also evaluated

separately.

2 METHODS

2.1 Data sources

This retrospective cohort study used linked data from 2 US-based

databases that havebeen collecting information since2006. The IQVIA

Ambulatory EMR—US database includes ∼90 million patient records

provided by >100 000 physicians (∼40% primary care practitioners

and∼60%specialists) sourced frommedium-to-large ambulatory prac-

tices. Patient-level data are available for demographics, diagnoses,

procedures, prescription drugs, vaccines, laboratory tests, and vital

signs. The IQVIA PharMetrics Plus claims database includes >140mil-

lion enrollees (generally representative of those aged <65 years and

commercially insured [90%]) from >70 contributing health plans and

self-insuredemployer groups. Thedatabase containsmedical andphar-

macy claims information (costs and descriptive services), patient-level

enrollment records, and patient demographics. All records in both

databases are deidentified.

The data sharing policy of Janssen Pharmaceutical Companies of

Johnson & Johnson is available at https://www.janssen.com/clinical-

trials/transparency. These data were made available by IQVIA and

used under license for the current study and are not publicly available.

Other researchers should contact https://www.iqvia.com.

2.2 Study design and patients

This was a retrospective cohort study comparing aTRH patients with

UBP versus those with CBP conducted between January 1, 2014 and

June 30, 2021 (Figure 1). To be included, patients had to be ≥18 years

of age and taking≥3 antihypertensivemedication classes concurrently

within 30 days between January 1, 2015 and June 30, 2021. The index

regimen date was defined as the date when the criterion for concur-

rent use of ≥3 antihypertensive medications was met. Patients were

required to have 2 office-based BP measurements (on different dates

≤90 days apart) between 30 days and 11 months after the index regi-

men date, and the date of the secondmeasurement was defined as the

index date. Patients had to have ≥365 days of continuous health plan

enrollment before the index date, which served as the baseline period.

Patients were excluded if they discontinued any antihypertensive

medication included in the index regimen within 30 days following

the index date. Discontinuation was defined as having a gap greater

than 60 days between prescription fills.13,14 Patients were excluded

if they became pregnant at any time during the study period. Finally,

patients were excluded if the mean of the 2 office BP measurements

had SBP>300mmHg.

2.3 Definitions and assessments

Baseline SBP and DBP were defined as the mean of the first 2 SBP

and DBP measurements recorded during office visits on different

dates ≤90 days apart between 30 days and 11 months after the index

regimen date. This approach is consistent with clinical guidelines6 rec-

ommending that hypertensive patientswith above-goal BPhave repeat

measures taken on separate occasions and the mean SBP and DBP

measurements be used to evaluate BP control and guide treatment.

When multiple SBP/DBP measurements were recorded on a single

date, the mean of those SBP/DBP measurements was calculated and

used for the SBP/DBPmeasurement.

https://www.janssen.com/clinical-trials/transparency
https://www.janssen.com/clinical-trials/transparency
https://www.iqvia.com
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Index date
(Date of 2nd office BP measure)

Index regimen date
(Date when the concurrent use of

anti-HTN medication was met)

Follow-up window
[Index +1 day, min (first outcome event, 

end of health plan enrollment, or June 30, 2021)]

BP identification window*
[Index regimen date +30 days, 

index regimen date +11 months]

Time window for identifying concurrent use of of ≥3 anti-HTN
medications within 30 days

Baseline period
[Index –365 days, index –1 day]

Jan 1, 2014 Jan 1, 2015 June 30, 2021

F IGURE 1 Study design. *The 2 office-based BPmeasurements have to be on distinct dates and 1 to 90 days apart. Abbreviations: anti-HTN,
antihypertensive; BP, blood pressure.

In the primary analyses, UBP was defined as SBP ≥130 or DBP

≥80 mmHg, and CBP was defined as BP <130/80 mmHg, consis-

tent with the 2021 ACC/AHA guideline recommendations.15 We also

conducted a sensitivity analysis using the BP <140/90 mmHg goal

as CBP and BP ≥140/90 mmHg as UBP, recommended by the 2020

International Society of Hypertension (ISH) guidelines.16

Eleven classes of antihypertensive medications were evaluated:

diuretics (thiazide, potassium sparing, loop, MRAs, and combination);

beta-blockers; ACE inhibitors; ARBs, CCBs; alpha blockers; alpha-2

receptor agonists; combined alpha- and beta-blockers; central ago-

nists; peripheral adrenergic inhibitors; and vasodilators. Patients tak-

ing fixed drug combination medications were considered as having

been exposed to each constituent drug class.

The following patient demographic characteristics were evaluated

on the index date: age, sex, race, type of health insurance cover-

age, and geographic US Census region. Patient clinical characteristics

evaluated during the pre-index period were identified based on the

International Classification of Diseases, Ninth Revision, Clinical Modifica-

tion or International Classification of Diseases, Tenth Revision diagnosis

codes17 for comorbidities, including possible causes of secondary

hypertension (i.e., hyperaldosteronism, renal disease, sleep apnea,

Cushing syndrome, renal artery stenosis, andalcohol usedisorder); car-

diometabolic risk factors and complications; and depression, anxiety,

osteoarthritis, and anemia (Table 1, Supplemental Digital Content 1).

Other clinical characteristics that were assessed included the Quan-

Charlson Comorbidity Index score and its components18 (Table 2,

Supplemental Digital Content 1), body mass index (BMI), and smoking

status.

In addition to the use of antihypertensive medications, other medi-

cation classes were evaluated, including lipid-lowering agents, platelet

aggregation inhibitors, oral anticoagulants, antidiabetic agents, antiar-

rhythmic drugs, weight-loss drugs, antimigraine drugs, stimulants,

opioids, systemic corticosteroids, antineoplastic agents, antidepres-

sants, anxiolytics, and chronic use of nonsteroidal anti-inflammatory

drugs (NSAIDs;>30-day supply).

Clinical outcomes were assessed using an intent-to-treat approach

and identified based on the International Classification of Diseases, Ninth

Revision, Clinical Modification or International Classification of Diseases,

Tenth Revision diagnosis and procedure codes17 (Table 3, Supplemental

Digital Content 1). The compositeMACE+ endpoint included hospital-

ization with a primary diagnosis of stroke (ischemic or hemorrhagic),

MI, or HF (identified by diagnosis code) during the follow-up period.

Patients were followed until the earliest of the first stroke, MI, or

HF-related hospitalization, end of health plan enrollment, or end of

available data; CV death was not included in the MACE+ composite

due to limited mortality data in the databases. ESRD was defined as

being on dialysis for ≥90 days19 or undergoing kidney transplantation

during the follow-up period. Patientswere followeduntil the earliest of

the first ESRD event, end of health plan enrollment, or end of available

data.

2.4 Ethics

The use of the IQVIA databases was reviewed by the New England

Institutional Review Board (IRB) and was determined to be exempt

from broad IRB approval as this study did not involve human partic-

ipants. Confidentiality of patient records was maintained throughout

the study. Study reports contained aggregate data only and did not

identify individual patients or physicians. The sponsor did not receive

patient identifying information during the study.

2.5 Statistical analysis

For patient demographic and clinical characteristics, descriptive statis-

tics, including means and standard deviations (SDs), were used for

continuous variables, and relative frequencies and percentages were

calculated for categorical variables. Between-group differences were
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n  = 17 933 979
Registered in both databases

n  = 6 947 073
≥1 diagnosis code for hypertension or ≥1 anti-HTN medication  

n  = 896 848
Concurrent use of ≥3 different anti-HTN medication classes within a 30-day period

between 1/1/2015 and 6/30/2021 

n  = 225 194
≥2 BP measurements on distinct dates 1-90 days apart 

between 30 days and 11 months after the index regimen date

n  = 222 305
Aged ≥18 years on the index date

n  = 42 417
Continuously enrolled ≥365 days before the index date

Discontinued any anti-HTN medication included
in the index regimen <60 days after the index

regimen date: 8115

Women who became pregnant
during the study period: 539

Mean SBP >300 mmHg from the 2 office-based
BP measurements: 3 

n  = 33 760 (100%)
Final analysis set

CBP: n  = 11 427 (33.8%)UBP: n  = 22 333 (66.2%)

F IGURE 2 Patient flowchart for IQVIA Ambulatory EMR—US and PharMetrics Plus linked claims. Abbreviations: anti-HTN, antihypertensive;
BP, blood pressure; CBP, controlled blood pressure; EMR, electronic medical record; SBP, systolic blood pressure; UBP, uncontrolled blood
pressure.

assessed using standardized differences. A standardized difference

<10%was considered balanced.

For clinical outcomes, incidence rates were calculated as the total

number of cases during the follow-up over total follow-up time (years)

and reported per 1000 person-years (PY). Multivariable regression

models were used for between-group comparisons. Conditional Cox

proportional hazard models were used, adjusting for unbalanced

covariates and calculating the hazard ratio (HR) and corresponding

95% confidence interval (CI). All analyses were performed using the

Instant Health Data platform (Panalgo, LLC, Boston, MA) and SAS

version 9.4 (SAS Institute, Cary, NC).

3 RESULTS

3.1 Patient disposition

Approximately 18 million patients were included in both databases,

and∼7millionpatients (38.7%) had≥1diagnosis code for hypertension

or ≥1 prescription for an antihypertensive medication. Of this total,

nearly 900 000 patients (12.9%) met the criterion for concurrent use

of≥3antihypertensive classeswithin a30-dayperiodbetween January

1, 2015 and June 30, 2021. Twenty-five percent of these patients had 2

BPmeasurements ondistinct dates 1 to90days apart between30days

and11months after the index regimendate.Nearly all of thesepatients

were aged ≥18 years; fewer than 20% of adult patients had continu-

ous health plan enrollment for≥365 days before the index date. Of this

total, 80.9%continuedall of the antihypertensivemedications included

in their index regimen through 60 days following the index regimen

date.Whenpregnant patients and thosewithmeanSBPmeasurements

>300 mmHg were excluded, the final analysis set included 33 760

patients: 22 333 (66.2%) in the UBP group and 11 427 (33.8%) in the

CBP group (Figure 2). When the BP threshold was <140/90 mmHg in

the sensitivity analysis, the percentages reversed; there were 11 384

(33.7%) in the UBP group and 22 376 (66.3%) patients in the CBP

group. This is a consequence of many patients having baseline BP

between the 130/80 and 140/90mmHg thresholds.

3.2 Patient demographic and clinical
characteristics during baseline period

There were imbalances (standardized differences ≥10%) in demo-

graphic and clinical characteristics between patients with UBP and

CBP (Tables 1 and 2). Patients in the UBP versus CBP group were

younger (mean age 60.0 vs. 62.2 years). More patients in the UBP

versus CBP group were African American (12.5% vs. 7.6%) and a

lower percentage hadMedicare insurance (14.0% vs. 19.1%). 53.3% of

patients were male, and the highest proportion (48.2%) were from the

South US Census region, with no imbalance between the UBP and CBP

groups.

Mean SBP/DBP was higher in patients with UBP (142/82 mmHg)

versus those with CBP (118/70 mmHg; Table 2). The mean BMI was

higher in the UBP versus CBP group (34.1 vs. 31.9 kg/m2). In both
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TABLE 1 Patient baseline demographic characteristics.

UBP (n= 22 333) CBP (n= 11 427)

Standardized

difference,a %

Age, mean (SD) 60.0 (12.1) 62.2 (12.6) 17.5

Age, n (%)

18−44 y 2074 (9.3) 843 (7.4) 6.9

45−64 y 13 408 (60.0) 6272 (54.9) 10.4

65−74 y 4168 (18.7) 2361 (20.7) 5.0

75−79 y 1193 (5.3) 860 (7.5) 8.9

≥80 y 1490 (6.7) 1091 (9.5) 10.6

Men, n (%) 12 105 (54.2) 5888 (51.5) 5.4

Race, n (%)

White 15 987 (71.6) 8899 (77.9) 14.5

Black or African American 2790 (12.5) 865 (7.6) 16.4

Asian 601 (2.7) 303 (2.7) 0.2

Other 318 (1.4) 153 (1.3) 0.7

Unknown 2637 (11.8) 1207 (10.6) 4.0

Insurance type, n (%)

Commercial 11 526 (51.6) 5589 (48.9) 5.4

Self-insured 6682 (29.9) 3204 (28.0) 4.2

Medicareb 3136 (14.0) 2188 (19.1) 13.8

Medicaid 976 (4.4) 441 (3.9) 2.6

Unknown/missing 13 (0.06) 5 (0.04) 0.6

US Census region, n (%)

South 11 016 (49.3) 5258 (46.0) 6.6

Midwest 4733 (21.2) 2751 (24.1) 6.9

Northeast 3667 (16.4) 1915 (16.8) 0.9

West 2903 (13.0) 1491 (13.0) 0.2

Unknown 14 (0.06) 12 (0.1) 1.5

Abbreviations: CBP, controlled blood pressure; SD, standard deviation; UBP, uncontrolled blood pressure.
aStandardized differencewith values≥10% considered statistically significant.
bIncludesMedicare Part C,Medicare Advantage, andMedicare Supplemental Plans.

the UBP and CBP groups, the most frequently observed comorbidities

were hyperlipidemia (75.5% and 78.8%) and type 2 diabetes (42.3%

and42.8%). The following comorbiditieswere less prevalent in patients

with UBP versus those with CBP (all standardized differences ≥10%):

chronic pulmonary disease (25.3% vs. 31.2%), congestiveHF (15.8% vs.

27.0%), MI (7.3% vs. 12.5%), peripheral vascular disease (13.7% vs.

19.4%), and atrial fibrillation (12.2% vs. 19.7%).

Thepercentagesof patients taking3, 4, or≥5antihypertensivemed-

ication classes in the UBP versus CBP groupwere 79.1% versus 82.3%,

17.6% versus 15.4%, and 3.2% versus 2.2%, respectively. Baseline

antihypertensivemedication use is summarized in Table 4, Supplemen-

tal Digital Content 1. All standardized differences were <10%. The

most common concomitant medications other than antihypertensives

were antiarrhythmic drugs, statins, opioids, and antidiabetic drugs

(Table 2).

3.3 Clinical outcomes

For MACE+, mean (SD) follow-up time was 2.7 (2.1) years in both the

UBP and CBP groups. Consistent with the younger age and lower inci-

dence of comorbidities (i.e., congestiveHF, peripheral vascular disease,

atrial fibrillation, and chronic pulmonary disease) in the UBP ver-

sus CBP cohort at baseline, respectively, unadjusted rates of MACE+

were lower in this group; 9.7% and 12.0% of patients in the UBP

and CBP groups experienced the MACE+ composite outcome, cor-

responding to incidence rates of 36.7 and 44.6 per 1000 PY. For

the individual MACE+ components, 3.5% (13.1/1000 PY) and 3.4%

(12.6/1000 PY) of patients in the UBP and CBP groups experienced

stroke, 2.9% (11.0/1000 PY) and 3.6% (13.9/1000 PY) experiencedMI,

and 5.6% (21.9/1000 PY) and 7.8% (30.8/1000 PY) experienced HF-

related hospitalization. Less than 2% of patients in the UBP and CBP
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TABLE 2 Patient baseline clinical characteristics, comorbid conditions, and concomitant medications.

UBP (n= 22 333) CBP (n= 11 427)

Standardized

difference,a %

SBPb

Mean (SD) 141.5 (13.8) 118.2 (8.2) 204.6

Median (IQR) 139.0 (16.5) 120.0 (10.5)

DBPb

Mean (SD) 82.2 (9.2) 70.4 (6.4) 148.8

Median (IQR) 82.0 (10.0) 71.0 (9.0)

QCI score

Mean (SD) 1.52 (1.94) 1.95 (2.17) 20.9

Comorbidities≥10%, n (%)

Hyperlipidemia 16 869 (75.5) 8999 (78.8) 7.7

Type 2 diabetes mellitus 9436 (42.3) 4890 (42.8) 1.1

Chronic pulmonary disease 5648 (25.3) 3561 (31.2) 13.1

Congestive HF 3534 (15.8) 3087 (27.0) 27.5

Anemia 4656 (20.8) 2805 (24.5) 8.8

Sleep apnea 4951 (22.2) 2587 (22.6) 1.1

Depression 4529 (20.3) 2558 (22.4) 5.1

Anxiety 4614 (20.7) 2391 (20.9) 0.7

Atrial fibrillation 2718 (12.2) 2249 (19.7) 20.6

Renal disease 3844 (17.2) 2229 (19.5) 5.9

Peripheral vascular disease 3068 (13.7) 2215 (19.4) 15.2

Osteoarthritis 3945 (17.7) 2035 (17.8) 0.4

Cerebrovascular disease 2921 (13.1) 1870 (16.4) 9.3

Anymalignancyc 2377 (10.6) 1471 (12.9) 6.9

MI 1620 (7.3) 1431 (12.5) 17.7

Possible causes of secondary hypertension, n (%)

Sleep apnea 4951 (22.2) 2587 (22.6) 1.1

Renal disease 3784 (16.9) 2180 (19.1) 5.6

Alcohol use disorder 1268 (5.7) 645 (5.6) 0.1

Renal artery stenosis 147 (0.7) 54 (0.5) 2.5

Hyperaldosteronism 46 (0.2) 15 (0.1) 1.8

Cushing syndrome 12 (0.05) 5 (0.04) 0.5

Specific diagnosis code for secondary hypertension 170 (0.8) 53 (0.5) 3.8

BMI, kg/m2

Mean (SD) 34.1 (10.4) 31.9 (8.0) 23.2

Smoking status, n (%)

Smoker 6852 (30.7) 3881 (34.0) 7.0

Medication use

Antiarrhythmic drugs,d n (%) 20 802 (93.1) 10 725 (93.9) 2.9

Antiarrhythmic drugs excluding BBs/CCBs 1853 (8.3) 1367 (12.0) 12.2

Lipid-lowering drugs, n (%)

Statins 13 462 (60.3) 7692 (67.3) 14.7

PCSK9 inhibitors 18 (0.1) 11 (0.1) 0.5

Other lipid-lowering drugs 3329 (14.9) 1874 (16.4) 4.1

Opioids, n (%) 11 185 (50.1) 6121 (53.6) 7.0

(Continues)



BAKRIS ET AL. 743

TABLE 2 (Continued)

UBP (n= 22 333) CBP (n= 11 427)

Standardized

difference,a %

Antidiabetic drugs, n (%) 8538 (38.2) 4417 (38.7) 0.9

Noninsulin antidiabetic drugs 7593 (34.0) 3938 (34.5) 1.0

Insulin 3360 (15.0) 1799 (15.7) 1.9

Antidepressants, n (%) 7557 (33.8) 4400 (38.5) 9.7

Systemic corticosteroids, n (%) 7747 (34.7) 4263 (37.3) 5.5

Anxiolytics, n (%) 5062 (22.7) 2791 (24.4) 4.2

NSAIDs, n (%) 5343 (23.9) 2480 (21.7) 5.3

Oral anticoagulants, n (%) 2529 (11.3) 2079 (18.2) 19.5

Direct oral anticoagulants 1360 (6.1) 1100 (9.6) 13.2

Warfarin/vitamin K antagonists 1338 (6.0) 1118 (9.8) 14.1

Platelet aggregation inhibitors, n (%) 2616 (11.7) 1955 (17.1) 15.4

Antineoplastic drugs, n (%) 1047 (4.7) 683 (6.0) 5.7

Antimigraine drugs, n (%) 556 (2.5) 289 (2.5) 0.3

Stimulants,e n (%) 468 (2.1) 260 (2.3) 1.2

Weight-loss drugs,f n (%) 371 (1.7) 167 (1.5) 1.6

Abbreviations: BB, beta-blocker; BMI, body mass index; CBP, controlled blood pressure; CCB, calcium channel blocker; DBP, diastolic blood pressure; HF,

heart failure; IQR, interquartile range;MI,myocardial infarction;NSAID, nonsteroidal anti-inflammatory drug; PCSK9, proprotein convertase subtilisin/kexin

type 9 serine protease; QCI, Quan-Charlson Comorbidity Index; SBP, systolic blood pressure; SD, standard deviation; UBP, uncontrolled blood pressure.
aStandardized differencewith values≥10% considered statistically significant.
bBased on themean of measurements obtained during 2 office visits on separate days 1 to 90 days apart.
cIncludes lymphoma and leukemia; excludedmalignant neoplasm of the skin.
dIncludes sodium channel blockers (disopyramide, quinidine, and flecainide), all BBs, potassium channel blockers (amiodarone, dronedarone, and sotalol), and

all CCBs.
eIncludes amphetamine, caffeine, armodafinil, atomoxetine, methylphenidate, methamphetamine, dextroamphetamine, dexmethylphenidate, doxapram, and

modafinil.
fIncludes phentermine, phendimetrazine, orlistat, benzphetamine, bupropion/naltrexone, diethylpropion, and phentermine/topiramate.

TABLE 3 Unadjusted clinical outcomes.

UBP (n= 22 333) CBPa (n= 11 427)

n (%) Incidence (95%CI)b n (%) Incidence (95%CI)b

MACE+ 2173 (9.7) 36.7 (35.2, 38.2) 1369 (12.0) 44.6 (42.4, 47.0)

Stroke 776 (3.5) 13.1 (12.2, 14.0) 386 (3.4) 12.6 (11.4, 13.9)

MI 643 (2.9) 11.0 (10.2, 11.9) 414 (3.6) 13.9 (12.6, 15.3)

HF hospitalization 1241 (5.6) 21.9 (20.7, 23.1) 891 (7.8) 30.8 (28.8, 32.8)

ESRD 425 (1.9) 7.1 (6.5, 7.9) 166 (1.5) 5.4 (4.6, 6.3)

Abbreviations: CBP, controlled blood pressure; CI, confidence interval; ESRD, end-stage renal disease; HF, heart failure; MACE+, major adverse

cardiovascular events plus; MI, myocardial infarction; UBP, uncontrolled blood pressure.
aCBP is the reference group.
bNumber is per 1000 PY at risk.

groups experienced ESRD (1.9% [7.1/1000 PY] and 1.5% [5.4/1000

PY]; Table 3).

After adjusting for baseline differences in demographic and clinical

characteristics, patients with UBP were at an 8% and 53% increased

risk of developingMACE+ andESRDcomparedwith patientswithCBP

(Figure 3). MACE+ risk was mainly driven by a 31% increased risk of

stroke.

3.4 Sensitivity analysis

In the sensitivity analysis of patients meeting the 140/90 mmHg

threshold, the imbalances in age, gender, race, insurance type, and

geographic region at baseline were comparable with the primary

analyses. However, with a few exceptions, the magnitude of the stan-

dardized differences was generally smaller in the sensitivity analyses
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0 0.5 1.0 1.5 2.0

MACE+

Stroke

MI

HF

ESRD

Outcome

1.08 (1.01, 1.16)

1.31 (1.15, 1.48)

1.02 (0.90, 1.16)

1.00 (0.92, 1.10)

1.53 (1.27, 1.85)

HR (95% CI)†

HR (95% CI)

More likely in patients with CBP More likely in patients with UBP

F IGURE 3 Adjusted clinical outcomes. *CBP is the reference group. †Model was adjusted for age cohort; gender; race; insurance type; US
Census region; baseline comorbidities; BMI category; smoking status; baselinemedication use; number of index anti-HTNmedication classes; and
baseline healthcare resource utilization and costs. Abbreviations: anti-HTN, antihypertensive; BMI, bodymass index; CBP, controlled blood
pressure; CI, confidence interval; ESRD, end-stage renal disease; HF, heart failure; HR, hazard ratio; MACE+, major adverse cardiovascular event
plus; MI, myocardial infarction; UBP, uncontrolled blood pressure.

than in the primary analysis (Table 5, Supplemental Digital Content

1). Similar to the primary analysis, there were imbalances in baseline

SBP/DBP, comorbidities, and BMI, and the most common concomi-

tant medications were the same as those in the primary analysis

(Table 6, Supplemental Digital Content 1). Approximately half of the

UBP cohort in the primary analysis shifted to the CBP cohort in

the sensitivity analysis, which is a consequence of many patients

having baseline BP between the 130/80 mmHg and 140/90 mmHg

thresholds.

In the sensitivity analysis using the BP 140/90 mmHg goal, mean

(SD) follow-up time for MACE+ was 2.7 (2.1) years in the UBP group

and 2.6 (2.1) years in the CBP group. Based on unadjusted data, 10.4%

(41.6/1000 PY) and 10.5% (41.2/1000 PY) of patients in the UBP and

CBP groups experienced theMACE+ composite outcome. For the indi-

vidualMACE+ components, 3.9% (14.7/1000PY) and3.2% (12.0/1000

PY) of patients in the UBP and CBP groups experienced stroke, 3.1%

(11.6/1000 PY) and 3.2% (11.8/1000 PY) experienced MI, and 6.1%

(23.4/1000) and 6.5% (24.5/1000 PY) experienced HF-related hospi-

talization. In the UBP and CBP groups, 2.4% (9.3/1000 PY) and 1.4%

(5.2/1000 PY) of patients experienced ESRD (Table 7, Supplemental

Digital Content 1).

After adjusting for baseline differences in demographic and clinical

characteristics, patients with UBP were at a 22% and 98% increased

risk of developingMACE+ andESRDcomparedwith patientswithCBP

(Figure 1, Supplemental Digital Content 1). MACE+ risk was mainly

driven by a 41% increased risk of stroke, although risk of MI and

HF hospitalization were also significantly different in the sensitivity

analysis.

4 DISCUSSION

aTRH is a growing public health problem and is associated with a

substantial humanistic, societal, and economic burden due to treat-

ment costs, disability, and early death.20–22 In this retrospective cohort

study, we used the IQVIA Ambulatory EMR—US and PharMetrics Plus

claims databases to evaluate the risk of the composite MACE+ out-

come, the individual MACE+ components, and ESRD in patients with

aTRH. We found that hypertensive patients who are using 3 or more

antihypertensive treatments from distinct classes possess higher risk

ofMACE+ and ESRDwith elevated BP, and this risk increasedwith the

higher BP threshold used in the sensitivity analyses.

At baseline, patients in the UBP cohort were younger and had

lower incidence of comorbidities than patients in the CBP cohort (i.e.,

lower incidences of congestive HF, peripheral vascular disease, atrial

fibrillation, and chronic pulmonary disease), so unadjusted rates of

MACE+ were higher in the CBP group, which represents a sicker

population. This sicker population may have had more controlled BP

due to more frequent physician visits and better adherence resulting

from management of comorbidities, which was confirmed by review-

ing baseline healthcare resource utilization. In our primary analysis,

after adjusting for differences in baseline demographic and clinical

characteristics between the UBP and CBP groups, patients with UBP

(≥130/80mmHg) had an 8% increased risk ofMACE+, driven by a 31%

increased risk of stroke. In our sensitivity analysis, patients with UBP

(≥140/90 mmHg) had a 22% increased risk of MACE+. Many patients

who hadUBP values between 130/80 and 140/90mmHg impacted the

overall risk of MACE+. The greater risk of MACE+ in the sensitivity
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analysis validates our hypothesis and other findings that elevated BP is

associated with a higher risk of MACE+.23–25 Thus, while the absolute

number of patients meeting this less stringent criterion was reduced

relative to the primary analysis, the risk for MACE+ was higher. This

highlights the importanceof earlierBPcontrol using themore stringent

130/80mmHg cutoff in potentially reducing the risk for CV events.

The risk for MACE+ in the current study was driven by a 31% and

41% increased risk of stroke in the primary and sensitivity analysis,

respectively, in patients with UBP compared with CBP. In a retrospec-

tive longitudinal study by Sim and colleagues, using electronic health

records from 2006 to 2010, of 60 237 aTRH patients from South-

ern California, there was a 23% higher risk of stroke/cerebrovascular

events in patients with UBP versus CBP, respectively.26 In this study,

it should be noted that the definitions for UBP and CBP differ slightly

from the current study, with UBP defined as BP ≥140/90 mmHg in

patients on ≥3 medicines and CBP defined as BP < 140/90 mmHg in

patients on ≥4 medicines. Similarly, a retrospective cohort study using

data from 2830 patients with aTRH in the Maccabi Healthcare Ser-

vices database found that patients with UBP had a 36% higher risk of

stroke or transient ischemic attack than those with CBP.27 However,

in an analysis of data from the REasons for Geographic And Racial Dif-

ferences in Stroke (REGARDS) study of Black andWhite US adults≥45

years between2003and2007,which assessed the association of aTRH

with incident stroke, coronary artery disease, and all-causemortality in

2147 patients of different racial populations, there was no statistically

significant difference found between patients with UBP versus CBP in

the risk for stroke after full multivariable adjustment (HR, 1.05 [95%

CI: 0.61, 1.81]).28

In the current study, there were no significant between-group dif-

ferences in the risk of MI or HF-related hospitalization in the primary

analysis. In the sensitivity analysis, there was a 14% increased risk of

MI and a 20% increased risk of HF-related hospitalization. The risk of

congestiveHFand/orHF requiring hospitalizationwas not significantly

increased in the Sim and colleagues study of aTRH patients with UBP

versus CBP (HR, 1.06 [95% CI: 0.99, 1.12]).26 In that study, like ours,

the CBP population represented a sicker population with more comor-

bidities, and the low BP in this group could have reflected a weakened

physiological state and/or potential overtreatment.26

In our primary analysis, and after adjusting for baseline differences

between the UBP and CBP groups in demographic and clinical char-

acteristics, patients with UBP (≥130/80 mmHg) had a 53% increased

risk of ESRD compared to those with CBP. In our sensitivity analy-

sis, patients with UBP (≥140/90 mmHg) had a 98% increased risk of

ESRDcompared to thosewithCBP, showing anassociationbetweenBP

control and elevated incidence of comorbidities. Similar to the higher

risk of MACE+ seen in patients with UBP (≥140/90 mmHg) versus

CBP, the increased risk of ESRD compared with patients with CBP val-

idates our hypothesis and other literature that UBP puts individuals

at a higher risk of ESRD.29,30 While the absolute number of patients

meeting this less stringent criterion was reduced relative to the pri-

mary analysis, the risk for ESRD was nearly 2 times higher. Similar to

the MACE+ results, this result highlights the potential for earlier and

more stringent BP control in reducing the risk of ESRD. In addition, US-

based retrospective studies have reported comparable findings of an

increased risk of ESRD in patientswithUBP versus CBP.26,31 The study

by Sim and colleagues utilizing electronic health records of a large,

ethnically diverse hypertension population found a 25% increased risk

for ESRD in patients with UBP versus CBP.26 In the REGARDS study,

compared to patients with aTRH and CBP, the HR for ESRD was 2.7

(95% CI: 1.5, 4.9) for patients with aTRH and UBP after multivari-

able adjustment.28 Thus, there is a need for innovations in patient

management of aTRH to help a larger percentage of patients achieve

CBP.

There are limitations in this study associated with the analysis of

administrative claims data. As a retrospective analysis of observational

data, we were limited by the information recorded and successfully

translated into structured data elements. For example, data on CV-

related deaths were not reported in this analysis because they were

not available in the dataset provided. Similarly, renal data were limited

to ESRD, which was identified based on diagnosis codes, because lab-

oratory values were not available to evaluate other renal effects. In

addition, claims data are prone to coding errors and inconsistencies.

Even after using statistical methods to balance the patient cohorts,

residual confounding cannot be excluded. Due to the available data,

results from this analysis are not generalizable to entire US population,

and thus, some patient populations may not be well represented. Also,

the existence of a claim for a medication does not indicate the medica-

tionwas taken as prescribed. Itwas not possible to distinguish between

guideline-defined true TRH and pseudo-resistant hypertension or to

obtain information regarding individual agents, their intended daily

dose, or medication adherence. Moreover, we could not determine

the indication for which these antihypertensive medications were pre-

scribed. Itwas not possible to determine the quality of theBPmeasure-

ments taken. Because BP measurements were taken in office, some

patients with elevated BP may have been experiencing white-coat

effect1; the available data do not allow assessment of the prevalence

of white-coat effect or how the prevalence differs between patients

with UBP versus CBP. If healthcare visits with another provider or

hospital were not recorded in the database, data were incomplete

for patients’ health status, prescriptions, other healthcare visits, and

hospitalizations for adverse clinical outcomes. Despite these limita-

tions, the results were derived from a large, population-based sample

of patients with treated hypertension that reflect recent, real-world

practice patterns. Electronic health record measures allowed for the

assessment of SBP and DBP, and patients were followed longitudinally

for changes in medication use.

5 CONCLUSIONS

Results from this real-world study of US-based patients demonstrated

that there is suboptimal BP control in many patients with aTRH

and multiple comorbid conditions despite the use of multidrug regi-

mens. Patients with UBP had an increased risk of developing MACE+

and ESRD compared with patients with CBP. These findings suggest

that physicians need to use appropriate guideline-directed dosing of
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existing medications and possibly new medications that are comple-

mentary to the agents available.
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