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Abstract 

 

Refractory hypertension (RfHTN) is a phenotype of antihypertensive treatment failure 

defined as uncontrolled BP despite the use of effective doses of ≥5 antihypertensive 

medications including a long-acting thiazide-like diuretic (chlorthalidone) and a 

mineralocorticoid receptor antagonist (MRA). The degree of medication non-adherence 

is unknown among patients with RfHTN. 

In this prospective evaluation, 54 patients with apparent RfHTN were recruited from the 

University of Alabama at Birmingham Hypertension Clinic after having uncontrolled BP 

at three or more clinic visits. All patients’ BP was evaluated by automated office BP 

(AOBP) and 24-hr ambulatory BP monitoring (ABPM; n=49). Antihypertensive 

medication adherence was determined by measuring 24-hr urine specimens for 

antihypertensive medications and their metabolites by high-performance liquid 

chromatography-tandem mass spectrometry (n=45). Of the 45 patients who completed 

24-hr ABPM, 40 (88.9%) had confirmed RfHTN based on an elevated AOBP (≥130/80 

mmHg), mean 24-hour ABP (≥125/75 mmHg) and mean awake (day-time) ABP 

(≥130/80 mmHg).  

Out of the 40 fully evaluated patients with RfHTN, 16 (40.0%) were fully adherent with 

all prescribed medications.  Eighteen (45.0%) patients were partially adherent and 6 

(15.0%) had none of the prescribed agents detected in their urine.  Of 18 patients who 

were partially adherent, 5 (12.5%) were adherent with at least 5 medications, including 

chlorthalidone and the MRA, consistent with true RfHTN. 
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Of patients identified as having apparent RfHTN, 52.5% were adherent with at least 5 

antihypertensive medications, including chlorthalidone and a MRA, confirming true 

RfTHN.  These findings validate RfHTN as a rare, but true phenotype of 

antihypertensive treatment failure.  

 

Key words:  refractory hypertension, antihypertensive medication adherence, 

ambulatory blood pressure monitoring. 
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Introduction 

   Refractory hypertension (RfHTN) is a phenotype of antihypertensive treatment 

failure defined as uncontrolled BP (≥ 130/80 mmHg), despite use of effective doses of 5 

or more different classes of antihypertensive medications including a long-acting 

thiazide-like diuretic (chlorthalidone) and a mineralocorticoid receptor antagonist (MRA) 

1. Prior studies have indicated that RfHTN is rare, comprising only about 5% of patients 

referred to a hypertension specialty clinic for uncontrolled resistant hypertension 

(RHTN) 2-4, which is defined as uncontrolled BP in spite of use of 3 or more 

antihypertensive agents, including a diuretic 5.  Compared with patients with controlled 

RHTN, patients with RfHTN are more likely to be female, African-American and have 

higher rates of cardiovascular complications, including stroke, left ventricular 

hypertrophy, and congestive heart failure 2-4. 

 Patients may appear to be refractory to antihypertensive treatment based on the 

number of prescribed medications and having uncontrolled BP in clinic, i.e., apparent 

RfHTN, but in reality could have uncontrolled BP for other reasons, including inaccurate 

BP measurement, white-coat effect, inadequate or under treatment (inappropriate 

medication choice or dose of antihypertensive medications), and medication non-

adherence.  Multiple studies have shown these so-called pseudo-causes of treatment 

resistance to be common in patients with RHTN, and have to be fully ruled out before 

being able to confirm true RHTN. 

White-coat effect, defined as uncontrolled BP in clinic but controlled out-of-clinic 

in treated hypertensive patients, is a very common pseudo-cause of treatment 

resistance, present in 37-49% of patients with otherwise confirmed RHTN 6,7,8.  In 
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contrast, we have recently reported that white coat effect is uncommon in patients with 

RfHTN, affecting only 6.5% of such patients 9. Poor medication adherence is a common 

cause of treatment resistance, having been reported in 47-53% patients with RHTN. 

10,11,12.  To what degree, RfHTN is attributable to poor medication adherence has not 

been determined.  Given that medication adherence decreases with increasing numbers 

of prescribed agents and increasing complexity of dosing regimens, we postulated that 

medication non-adherence would be high in patients with apparent RfHTN, given that by 

definition patients with apparent RfHTN require use of at least 5 different 

antihypertensive class of medications.   To test that hypothesis we carried out the 

present study to determine antihypertensive medication adherence in patients with 

apparent RfTHN by measuring urinary drug or drug metabolite levels with high-

performance liquid chromatography-tandem mass spectrometry (LC-MS/MS). 

 

Methods 

 

Study data will be available upon request 1 year after completion of the funding grant 

(April 2021). 

 

Study Population 

Patients referred to the UAB Hypertension Clinic for uncontrolled resistant 

hypertension were recruited between April 2014 and July 2019. Patients were evaluated 

for secondary causes of hypertension, including hyperaldosteronism, 

pheochromocytoma, and renal artery stenosis as clinically indicated.  Patients were 
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eligible for enrollment if their automated office BP (AOBP) remained elevated ≥130/80 

mm Hg after having been seen by a hypertension specialist for a minimum of 3 follow-

up visits and after having been prescribed at least 5 antihypertensive agents from 

different classes, including chlorthalidone and a mineralocorticoid receptor antagonist 

(MRA). Exclusions included patients with chronic kidney disease (CKD) stage 4 or 5 

(eGFR <30 ml/min/1.73m2) or pregnancy.  The study was approved by the UAB 

Institutional Review Board and written informed consent was obtained from all 

participants. 

 

Blood Pressure Measurement 

 

Clinic Automated Office BP Measurement 

AOBP was measured after at least 5 minutes of quiet rest in a sitting position 

with the back supported and the arm supported at heart level 13-15.  The office BP was 

measured using the BpTRU device, which automatically obtains 6 serial BP readings, 

one minute apart, before displaying the average of the last 5 readings.  All BpTRU 

assessments were unattended, i.e., unobserved in clinic 14,16-19. An appropriate sized 

cuff was used with a cuff bladder encircling at least 80% of the arm 14,20. A BP cutoff of 

≥ 130/80 mmHg for hypertension was used 1,15.   

 

Out-of-clinic 24-hr Ambulatory Blood Pressure Monitoring (ABPM) 

An automated, noninvasive, oscillometric device (Oscar 2; Suntech Medical Inc, 

Morrisville, NC) was used to perform 24-hr ABPM 21,22. Recordings were made every 20 
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minutes during the awake (Day-time) and every 30 minutes during the nighttime 

(asleep) phases of the 24-hr period. Awake and asleep times were determined by 

patient self-report 21,22. 24-hr ABPM was determined to be valid if ≥ 80% of 

measurements were successful 23, including at least 20 awake (Day-time) and 7 asleep 

(Night-time) valid BP measurements 15. Uncontrolled 24-hr ABPM was defined as mean 

24-hr BP ≥125/75 mmHg and mean awake (Day-time) BP ≥130/80 mmHg 1,15. All 

patients were counselled to take all antihypertensive medications during 24-hr ABPM 

period. 

 

Biochemical analysis 

     Serum electrolytes, blood urea nitrogen and creatinine were measured according to 

routine laboratory methods. 

 

24-hr urine high-performance liquid chromatography-tandem mass spectrometry 

of antihypertensive medications and metabolites 

     All study patients collected a 24-hour urine sample for research purposes. 

Participants were advised to be adherent with antihypertensive medications, but were 

not informed that medication adherence was being tested in the collected urine samples 

to avoid a Hawthorne effect (e.g., change in behavior when being observed) 
24. 

Permission was obtained from the UAB Institutional Review Board to have the 

previously collected urine samples assayed for medication levels.  The urine samples 

were stored and shipped at a temperature of -80 C to the National Centre for 

Adherence Testing (NCAT) Department of Metabolic Diseases and Chemical 
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Pathology, University Hospitals of Leicester NHS Trust, Leicester, UK; where they were 

analyzed by high-performance liquid chromatography-tandem mass spectrometry (LC-

MS/MS) to detect antihypertensive medications and metabolites as previously described 

25.  Briefly, the samples were analyzed in batches of 20.  Each sample was run in 

dilution and after extraction. Separation was performed using Agilent technologies 

Zorbax Elipse column C18  2.1 x 50 mm. The samples were then introduced by 

electrospray ionization to an Agilent  technologies 6140 tandem mass spectrometer. 

The analytes of interest were confirmed by their unique mass to charge ratios. 

     The assay provides a binary qualitative result for presence or absence of 

medications in the urine. Patients whose urine analysis confirmed the presence of all 

medications prescribed were classified as totally adherent and those with fewer 

medications detected than prescribed were classified as partially adherent.  Patients 

with no detectable drug or metabolite levels were classified as totally non-adherent. 

 

Statistical Analysis 

     Descriptive analyses were performed to summarize the demographic and 

biochemical characteristics, as well as comorbidities and antihypertensive medication 

classes adherence in RfHTN. All analyses were performed using SPSS version 25. 

 

Results 

Fifty-four patients were enrolled into the study based on uncontrolled AOBP.  Of 

these, 49 patients had valid 24-hr ABPM readings and 45 patients completed 24-hr 

urine collections to determine antihypertensive medication adherence (Figure 1).  Out of 
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the 45 patients who completed 24-hr ABPM and 24-hr urine collections, 40 (88.9%) had 

confirmed RfHTN based on an elevated AOBP (≥130/80 mmHg), mean 24-hr ABP 

(≥125/75 mmHg) and mean awake (day-time) ABP (≥130/80 mmHg), while 5 patients 

had a white-coat effect (Figure 1). 

The mean age of patients with RfHTN was 53.0±8.3 years, 65.0% were female and 

85.0% were African American. The mean BMI was 36.0±6.4 kg/m2 (Table 1). The 

prevalence of dyslipidemia and diabetes was 52.5% and 50.0%, respectively (Table 1). 

The mean serum sodium was 138.3±2.9 mMol/L, serum potassium was 4.0±0.5 mMol/L 

and serum creatinine was 1.1±0.4 mg/dL (Table 1). 

 

Clinic AOBP measurement 

The mean systolic and diastolic AOBP were 151.1±23.5 / 89.9±13.8 mmHg.  The 

mean AOBP heart rate were 76.7±12.0 beats/minute (Table 1). 

 

Out-of-Clinic BP measurements by ABPM 

The mean 24-hour systolic and diastolic BP were 157.5±21.4 / 89.5±13.0 mmHg.  

The mean 24-hour heart rate was 75.4±11.3 beats/minute. The mean awake (day-time) 

systolic and diastolic BP were 161.0±21.2 / 92.4±14.4 mmHg.  The mean awake (day-

time) heart rate was 76.8±11.4 beats/minute.  The mean asleep (night-time) systolic and 

diastolic BP were 150.3±23.1 / 83.7±13.8 mmHg.  The mean asleep (night-time) heart 

rate was 71.9±12.8 beats/minute (Table 1). 

 

Antihypertensive medication adherence 
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Of the 40 patients with RfHTN who were fully evaluated, 16 (40.0%) were completely 

adherent with all of their prescribed antihypertensive medications; 18 (45.0%) were 

partially adherent, taking less than the number of prescribed agents; and 6 (15.0%) 

were completely non-adherent with any of prescribed medications (Figure 1). Out of the 

18 patients who were partially adherent, 5 (12.5%) were adherent with 5 or more 

antihypertensive medications, including an angiotensin-converting enzyme inhibitor or  

angiotensin receptor blocker, a calcium channel blocker, chlorthalidone and MRA.  

Accordingly, 52.5% of the evaluated patients were adherent with 5 or more 

antihypertensive medications, including chlorthalidone and an MRA, consistent with true 

RfHTN.  Overall, adherence for the different antihypertensive medication classes or 

agents was 79.2% for angiotensin-converting enzyme inhibitors, 75.0% for angiotensin 

II receptor blockers, 72.5% for calcium channel blockers, 70.0% for chlorthalidone, 

67.5% for MRA (spironolactone or eplerenone), 57.1% for α-β blockers, and 64.7% for 

alpha-2 agonists (Table 2). 

We classified patients with refractory hypertension based on antihypertensive 

medication adherence into complete, partial and non-adherence. The mean number of 

antihypertensive medications prescribed was 5.5±0.6, 5.8±0.7 and 6.2±0.8 in the above 

groups, respectively, while the mean number of antihypertensive medications detected 

was 5.5±0.6, 3.8±1.3 and 0 in the above groups, respectively (Figure 2). 

 

Discussion 

This is the first study to prospectively determine antihypertensive medication 

adherence by 24-hr urine HP LC-MS/MS in patients with RfHTN confirmed by AOBP 
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and 24-hr ABPM.  We report that 40% of patients were fully adherent with all of their 

prescribed agents, with an additional 12% taking at least 5 of the agents, including 

chlorthalidone and MRA either spironolactone or eplerenone.  This adherence rate is 

similar to the approximately 50% adherence rates observed in studies of patients with 

RHTN 11,12,26, indicating that adherence was not markedly lower in patients with RfHTN 

in spite of a substantially larger number of prescribed agents. 

Assessment of adherence with use of LC-MS/MS has demonstrated that 25-65% of 

the general population of hypertensive patients are non-adherent with prescribed 

medications 25,27.  For example, among 1348 hypertensive patients, Gupta et. al. 

reported that 30-40% were non-adherent with all of their antihypertensive medications 

28.  Among patients with RHTN, multiple studies have reported high rates of poor 

medication adherence.  Jung et. al., Strauch et. al., and Lawson et. al., utilizing  LC-

MS/MS analysis, all found that approximately 50% of patients with RHTN are fully 

adherent with prescribed antihypertensive regimens 11,12,26. In another study of 36 

patients with resistant hypertension with use of ≥4 antihypertensive medications (mean 

number of medications were 5.3 ± 1.4), Florczak et. al. showed partial adherence of 

72.2% and total non-adherence of 13.9% 29. 

The current results are consistent with those studies, finding that 40% of patients 

with suspected RfHTN were taking all of their prescribed antihypertensive medications, 

while 52% were talking 5 or more, including the chlorthalidone and an MRA.  The 

findings highlight the role of poor adherence plays in controlling high BP and the need to 

advance strategies to improve medication adherence, including patient and clinician 

education, use of cost-efficient and effective adherence monitoring programs, and 
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development of well-tolerated affordable simplified treatment regimens, including 

broader availability of dual and even triple combination pills.  

  A large number of studies have demonstrated that pseudo-causes of apparent 

RHTN are common. These include poor BP measuring technique, resulting in falsely 

high clinic BP readings; under treatment, including inappropriate medications and low 

doses; white coat effect, and poor medication adherence.  Only by fully ruling out each 

of these factors can true RHTN be confirmed. The same is true for RfHTN, but given the 

difficulty of fully excluding each of the pseudo-causes of apparent treatment resistance, 

it is difficult to determine the prevalence of true RfHTN.  The current protocol rigorously 

ruled out each of these pseudo-causes of lack of BP control, resulting in confirmation of 

a small number of patients who are truly refractory to maximal antihypertensive 

treatment. Specifically, in the current protocol 1) use of proper BP technique by 

hypertension specialists in the clinic was ensured by use of an automated BP device 

(i.e, BpTRU) recording unattended serial BP readings; 2)  under treatment was 

excluded by the rigorous definition of RfHTN, requiring prescription of effective doses 

(at least 50% of the recommended maximum dose for treating HTN) of 5 or more 

antihypertensive agents from different classes, including chlorthalidone and MRA either 

spironolactone or eplerenone; 3) patients with white coat effect were identified by 24-hr 

ambulatory BP monitoring and excluded from study participation; and 4) medication 

adherence was determined by direct measurement of 24 hour urinary drug or drug 

metabolites.   

Having ruled out each of these pseudo-causes of lack of BP control, we found that 

approximately 52% of patients enrolled into the protocol for suspected RfHTN based on 
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having uncontrolled clinic BP in spite of prescription of 5 or more antihypertensive 

agents were confirmed to have true RfHTN.  The most common pseudo-cause of 

RfHTN was inadequate medication adherence, occurring in 48% of the patients tested.  

These findings highlight the importance of standardized office BP measurement, 

maximization of effective and well tolerated combination treatment regimens, 

measurement of out-of-office BP to identify white coat effect, and perhaps, most 

challenging, confirmation of adequate medication adherence in diagnosing RfHTN.   

The current study demonstrates that after eliminating pseudo-causes of apparent 

treatment resistance, there remains a small cohort of patients truly refractory to 

antihypertensive treatment.  Such patients are extremely uncommon, but may be 

informative in identifying underlying causes of treatment failure.  Prior studies from our 

laboratory suggest that patients with true RfHTN may be distinct from the larger 

population of patients with RHTN in that their treatment resistance is not volume 

dependent, that is, not attributable to persistent intravascular fluid retention, but instead, 

may be secondary to heightened sympathetic activation 4,30. Additional studies are 

needed to confirm this mechanistic distinction and to develop effective pharmacological 

and device based treatments for this rare, but extremely high-risk population of 

hypertensive patients. 

Strengths of the current study include its prospective design, rigorous confirmation of 

RfHTN status by AOBP and 24-hr ABPM and detection of antihypertensive medications 

by 24-hr urine LC-MS/MS, the current preferred method for detection of 

antihypertensive medications in patients. Weaknesses include the qualitative 

determination of drug and drug metabolite levels as opposed to a quantitative 
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assessment, which may have precluded a more nuanced interpretation of drug 

exposure. Further assessment was limited to a single measurement uncoordinated with 

medication dosing history. Furthermore, varied half-lives of antihypertensive 

medications would make it difficult to assess when the last medication dose was taken. 

In conclusion, we report, based on direct detection of urinary drug and drug 

metabolite levels, that 40.0% of patients with apparent RfHTN were fully adherent with 

all of their prescribed antihypertensive agents; 45.0% were partially adherent (with 

12.5% being adherent with at least 5 antihypertensive medications, including 

chlorthalidone and a MRA); only 15.0% of patients presenting with apparent RfHTN had 

none of the prescribed agents detected. A total of, 52.5% of the patients with apparent 

RfHTN were adherent with 5 or more antihypertensive medications, including 

chlorthalidone and a MRA, consistent with having true RfHTN. 

 

Perspectives 

Of patients identified as having apparent RfHTN, 52.5% were adherent with at least 5 

antihypertensive medications, including chlorthalidone and a MRA.  The findings 

indicate that the degree medication non-adherence in this population is similar to that 

reported in RHTN in general.  The findings both confirm that poor medication adherence 

is a common among patients with suspected RfHTN, but also, after ruling out all causes 

of possible pseudo-resistance to treatment, demonstrate that there remains a small 

number of patients truly refractory to maximal antihypertensive treatment. All patients 

with refractory hypertension should be evaluated for all pseudo causes of apparent 

refractory hypertension, most importantly medication adherence. The clinical 
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management and therapeutic decisions in these patients should be focused on 

improving medication adherence by simplifying the antihypertensive drug regimen, in 

part by using fixed dose combinations and intradermal patch dosing. 
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Novelty and Significance  

 

1. What is new: This is the first study to evaluate prevalence of true refractory 

hypertension. 

2. What is relevant: This study shows that 52.5% of patients with apparent refractory 

hypertension, were adherent with 5 antihypertensive medications, including a long-

acting thiazide like diuretic and a mineralocorticoid receptor antagonist. 

 

Summary 

This study confirms the prevalence of true RfTHN based on adequate medication 

adherence.  These findings validate RfHTN as a rare phenotype of true antihypertensive 

treatment failure. 
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 Figure Legends 

Figure 1. Schematic of enrolled study participants 

Figure 2. Antihypertensive medication adherence in refractory hypertensive patients 
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Table 1: Baseline characteristics in patients with refractory hypertension 
  
Demographics  
 Age (years) 53.0 ± 8.3 

 Females 26 (65.0%) 

 African Americans 34 (85.0%) 

  
Comorbidities  
 Current smoker 8 (20.0%) 
 Current alcohol 18 (45.0%) 
 Dyslipidemia 21 (52.5%) 

 Congestive heart failure 7 (17.5%) 

 Coronary artery disease 6 (15.0%) 

 Diabetes 20 (50.0%) 

 Thyroid disorder 7 (17.5%) 

 Prior stroke/transient ischemic attack 6 (15.0%) 

 Chronic obstructive pulmonary disease 10 (25.0%) 

  
Body mass index (kg/m2) 36.0 ± 6.4 

  
Biochemistry  
 Sodium (mMol/L) 138.3 ± 2.9 

 Potassium (mMol/L) 4.0 ± 0.5 

 Bicarbonate (mMol/L) 28.1 ± 2.8 

 Blood urea nitrogen (mg/dL) 17.4 ± 7.8 

 Creatinine (mg/dL) 1.1 ± 0.4 

  
Clinic Vitals  
 AOBP systolic (mmHg) 151.1 ± 23.5 

 AOBP diastolic (mmHg) 89.9 ± 13.8 

 AOBP heart rate (beats/minute) 76.7 ± 12.0 

  
ABPM Measurements  
 24-hour systolic BP (mmHg) 157.5 ± 21.4 

 24-hour diastolic BP (mmHg) 89.5 ± 13.0 

 24-hour mean arterial pressure (mmHg) 112.6 ± 14.6 

 24-hour pulse pressure (mmHg) 68.1 ± 14.7 

 24-hour heart rate (beats/minute) 75.4 ± 11.3 

 Awake (day-time) systolic BP (mmHg) 161.0 ± 21.2 

 Awake (day-time) diastolic BP (mmHg) 92.4 ± 14.4 

 Awake (day-time) mean arterial pressure (mmHg) 115.6 ± 15.4 

 Awake (day-time) pulse pressure (mmHg) 68.8 ± 14.6 

 Awake (day-time) heart rate (beats/minute) 76.8 ± 11.4 

 Asleep (night-time) systolic BP (mmHg) 150.3 ± 23.1 

 Asleep (night-time) diastolic BP (mmHg) 83.7 ± 13.8 



For H
yp

er
te

nsi
on P

ee
r R

ev
ie

w
. D

o n
ot d

is
tr
ib

ute
.

   
   

   
   

   
   

   
   

  D
es

tr
oy 

af
te

r u
se

.

 Asleep (night-time) mean arterial pressure (mmHg) 106.3 ± 15.5 

 Asleep (night-time) pulse pressure (mmHg) 66.8 ± 16.2 

 Asleep (night-time) heart rate (beats/minute) 71.9 ± 12.8 
 

AOBP, automated office blood pressure; ABPM, ambulatory blood pressure monitoring 
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Table 2: Medication adherence by class in patients with refractory hypertension  
  

Average number of medications prescribed 5.7 ± 0.7 

Average number of medications detected 3.9 ± 2.1 

  
Antihypertensive medication classes adherence  
  
   Angiotensin converting enzyme inhibitors 19/24 (79.2%) 
   (benazepril, lisinopril, quinapril)  
  
   Angiotensin II receptor blockers  12/16 (75.0%) 
   (azilsartan, candesartan, irbesartan, losartan, olmesartan, valsartan)  
  
   Calcium channel blockers 29/40 (72.5%) 
   (amlodipine, nifedipine)  
  
   Thiazide-like diuretics  28/40 (70.0%) 
   (chlorthalidone)  
  
   Loop diuretics 4/4 (100.0%) 
   (furosemide)  
  
   Mineralocorticoid receptor antagonists 27/40 (67.5%) 
   (spironolactone, eplerenone)  
  
   α blockers 1/3 (33.3%) 
   (doxazosin)  
  
   β blockers 7/9 (77.8%) 
   (bisoprolol, metoprolol, nebivolol)  
  
   αβ blockers 12/21 (57.1%) 
   (carvedilol, labetalol)  
  
   α2 agonists 11/17 (64.7%) 
   (clonidine, guanfacine)  
  
   Nitric oxide vasodilators 5/6 (83.3%) 
   (hydralazine)  
  
   Potassium channel openers 2/8 (25.0%) 
   (minoxidil)  
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