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INTRODUCTION 

Hypertension is the main cause of cardiovascular disease 

and the main cause of morbidity and mortality worldwide, 

and patients with drug-resistant hypertension have a 

particularly high risk of cardiovascular complications.1,2 

True resistant hypertension refers to a diagnosis of 

essential hypertension with exclusion of all other potential 

causes of uncontrolled blood pressure, including 

secondary hypertension, pseudo- resistance due to poor 

adherence to antihypertensive therapy or the white- coat 

effect.3 The independent and continuous relationship of 

hypertension with incident cardiovascular events along 

with its prevalence at 25–30 % of the adult population, 

render high blood pressure (BP) the most important 

modifiable cardiovascular risk factor and therefore a major 

issue of public health.4 Although awareness and treatment 

of hypertension have improved over the years, the rates of 

control in the general hypertensive population remain 

unacceptably low, i.e., below 20–30% in many Western 

countries, with few exceptions in countries that 

implemented targeted public health programs aiming at 

improving hypertension care . Of note, an important 

proportion of the hypertensive population cannot achieve 

adequate BP control even when treated with three or more 

antihypertensive medications. These individuals currently 

fall within the diagnosis of resistant hypertension ,an entity 

recently reported to have a prevalence between 6–12% of 

the hypertensive population and 8–28% among treated 

hypertensive patients. 

The 2017 ACC/AHA Hypertension Guidelines 

recommend reducing the blood pressure of patients with 

ischemic heart disease, heart failure patients with reduced 

left ventricular ejection fraction, and heart failure patients 

with a preserved left ventricular ejection fraction, in 
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ABSTRACT 

 

Resistant hypertension is defined as blood pressure being higher than the patient's target blood pressure despite the use 

of three or more different types of antihypertensive drugs at the optimal dose, and one of them should be a diuretic. The 

evaluation of patients with resistant hypertension should first confirm that they have true resistant hypertension. By 

eliminating or correcting false resistance factors, such as white coat hypertension, poor blood pressure measurement 

technique, poor drug compliance, improper dosage or combination of antihypertensive drugs, and white coat effects 

and clinical inertia. Resistant hypertension therapy includes improved compliance with the use of drugs, secondary 

hypertension detection and treatment, use of lifestyle measures and treatment of obesity, and other comorbidities. 

switching to a long-acting diuretic type of thiazide like chlorthalidone could improve the BP from the patients taking 

hydrochlorothiazide. This review paper illustrates briefly the identification of the underlying causes of resistant 

hypertension and therapeutic strategies, which may contribute to the proper diagnosis and an improvement of the long 

term management of resistant hypertension.   
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persons with lacunar stroke, in persons with peripheral 

arterial disease, in persons with diabetes mellitus to less 

than 130/80 mmHg.6 This Review will discuss the 

epidemiology, associated risks, diagnosis and 

management of resistant hypertension. 

EPIDEMIOLOGY AND PREVALENCE OF RHF  

As the definition suggests, determining the true prevalence 

of resistant hypertension is extremely difficult. Patients 

who take two or fewer antihypertensive medications may 

have resistant hypertension, but they are not classified as 

such because they do not strictly meet the definition of 

requiring four or more drugs to control their blood 

pressure. Prevalent aTRH occurs in a higher percentage of 

the population-and clinic-based samples when an at-risk 

group is identified, for example, patients with treated 

hypertension and chronic kidney disease (CKD).7,8 The 

increased prevalence of aTRH among treated hypertensive 

adults in clinical trials (34%–39%) is probably due to the 

selection of patients with demographic and comorbidity 

characteristics that place them at high risk for the fatal and 

nonfatal CVD outcomes of interest.9 Furthermore, in 

population-and clinic-based studies, some RH cases may 

go unrecognized because patients are not prescribed ≥3 

drugs at maximal doses despite uncontrolled BP. In 

contrast, clinical trials usually include forced titration 

schemes that unmask RH by reducing the prevalence of 

suboptimal treatment.10 

DIAGNOSING RH 

Identifying and correcting medication non-adherence 

To prevent misdiagnosis due to pseudo-resistant 

hypertension (figure 1), patients with apparent resistant 

hypertension should undergo a thorough clinical review.11 

Non-adherence is the main cause of pseudo resistance. A 

quarter of patients who are initiated on new 

antihypertensive medications fail to fill their initial 

prescription, so drug adherence should always be 

evaluated in these patients. Non-adherence to medication 

is relatively common among hypertensive patients, with 

estimates ranging from 7% to 48%.12,13 About 12% and 

66% of patients with apparent resistant hypertension are 

believed to have total or partial non-adherence. If patients 

do not take their medication, pharmacological therapy will 

be ineffective, and poor drug adherence is a major issue in 

those with resistant hypertension.14 

In the diagnosis and treatment of patients with RH, it is 

important to assess and ensure optimal medication 

adherence. These patients are taking three 

antihypertensive medications by definition, and evidence 

on adherence to the prescribed regimen is critical for 

clinical reasoning and decision-making. However, for 

evaluating medication adherence, increasingly reliable and 

sophisticated indirect and direct methods are available.  

 

Figure 1: Stages of diagnosis of resistant hypertension. Clinic blood pressure measurement protocol taken from 

NICE guidelines for the management of hypertension, BP, blood pressure.11 
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Indirect methods of evaluating therapeutic adherence, such 

as pill counts, patient interviews, self-reported use of 

medication, heart rate on β-blockers or activation of the 

renin–angiotensin–aldosterone system in response to 

treatment with angiotensin–converting enzyme (ACE) 

inhibitors or angiotensin II type 1 receptor blockers are all 

susceptible to bias or misclassification.14 The eight-item 

Morisky Medication Adherence Scale, which is based on 

patient interviews, can be used to evaluate adherence, with 

scores of 8, 6–7 and <6 indicating high, medium and low 

adherence, respectively.15 However, the Morisky 

questionnaire scores have been shown to be poorly linked 

with the amount of drugs in urine samples.16 Direct 

methods include witnessed drug intake, the Medication 

Event Monitoring System, and drug monitoring in body 

fluids. Witnessed drugs followed by impact monitoring on 

BP were effective in detecting potential non-compliance in 

trials with novel methods of treatment, although this 

technique has not been commonly used. Urine or blood 

measurements of drugs or mass spectroscopic metabolites 

depend on whether a drug is present or absent at a 

therapeutic level.17 

Effective strategies for improving adherence to 

antihypertensive medications include (I) using agents that 

are dosed once daily over those that require multiple daily 

doses and using fixed-dose combination agents when 

available; (II) using low-cost and generic 

antihypertensives, particularly when cost of care is a 

barrier (patients with RH often have multiple chronic 

conditions requiring pharmacotherapy); and (III) 

consolidating refills, that is, minimizing the number of 

trips to the pharmacy to obtain all prescribed 

medications.18,19 

Poor BP measurement technique  

Inaccurate measurement of BP can result in the appearance 
of treatment resistance. In a study comparing standard 
triage BP measurements by clinic staff with an automated 
device obtaining up to 6 BP measurements 1 minute apart 
while the patient was alone and seated in a quiet room, 
triage SBPs were a median of 17 mm Hg higher, and the 
difference was highest in the group of patients with initial 
SBPs >160 mmHg.20 

White-coat effect 

White-coat HTN is defined as patients whose BP is 
elevated in the clinic but normal or controlled when 
monitored outside of the clinic.21 White-coat HTN is a 
complicating factor that falsely elevates BP and 
complicates the determination of HTN. Other signs 
include repetitive symptoms of overtreatment such as 
orthostatic hypotension and persistent fatigue as well as 
absence of target organ damage including left ventricular 
hypertrophy, retinopathy, and chronic kidney disease.22 
According to the Jackson Heart Study (JHS), the 
prevalence of white-coat hypertension is 25.4% among 
non-antihypertensive participants and 34.6% among 

antihypertensive participants. Moreover, white-coat HTN 
is more common with increasing age, in women, and in 
non-smokers.23 

The white-coat effect can be easily identified by 24-hour 
ABPM. However, ABPM is not readily available in all 
countries and, because of limitations in insurance 
reimbursement, is not even commonly used in the United 
States.24 Oscillometric digital devices that can 
automatically record 3 to 6 BP measurements without a 
clinician in the examination room are now available for 
clinical use, a process called automated office BP. BP 
measurement by automated office BP attenuates the white-
coat effect. Self-measured home BPs (with appropriate 
instruction in the BP measurement technique) correlate 
with average daytime BPs measured by 24-hour ABPM 
and can be used to identify the white-coat effect.24 
However, it is important to consider that individuals may 
alter their BP logs or under report high or low BP values. 

Concomitant conditions 

 Obesity is associated with resistant hypertension. Obese 
patients have increased sympathetic activity, higher 
cardiac output, and a rise in peripheral vascular resistance 
due to reduced endothelium dependent vasodilation. 
Plasma aldosterone and endothelin are also increased, 
while excessive surrounding adipose tissue results in 
increased intrarenal pressures and changes in renal 
architecture.25 As the body mass index increases, 
progressively higher doses of antihypertensive drugs are 
required to control blood pressure.26 Weight loss has been 
found to reduce both systolic and diastolic blood 
pressure.27,28 Another common concomitant condition in 
hypertensive patients is diabetes. Insulin resistance 
increases sympathetic nervous activity, vascular smooth 
muscle cell proliferation, and sodium retention leading to 
elevated blood pressure resistant to treatment.27 The 
common comorbidities of obesity, hypertension, and 
diabetes induce renal dysfunction, further hindering blood 
pressure treatment. 

Drug-related RH 

Several common medications can cause elevated blood 
pressure and hinder treatment (Table 1). However, the 
effects of these agents are found to be highly 
individualized, with the majority of individuals 
manifesting little or no effect and others demonstrating 
severe elevations in BP levels. 

Table 1: Drugs and other substances with potential to 

induce or exacerbate elevated BP and hypertension. 

Oral contraceptives  Alcohol 

Sympathomimetic Cocaine 

Cyclosporine, tacrolimus Amphetamines 

Erythropoietin Antidepressants 

VEGF inhibitors 
Glucocorticoids, 

mineralocorticoids 
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BP indicates blood pressure; NSAIDs, nonsteroidal anti-

inflammatory drugs; and VEGF, vascular endothelial growth 

factor. 

Evaluation of RH 

The evaluation of RH patients should focus on confirming 

true treatment resistance, identifying causes of resistance 

(including secondary causes of hypertension), and 

documenting complications of the hypertensive disease 

process (see the evaluation algorithm in Figure 2). To 

confirm RH, it is necessary to evaluate treatment 

adherence and use of ABPM (or home BP monitoring if 

ABPM is unavailable). True RH is usually caused by a 

combination of factors, such as an excessive salt intake, 

obesity, CKD, and OSA.29 

 

 

MANAGEMENT OF RH 

Nonpharmacologic approaches to management 

The potential causes of resistant hypertension must be 

examined before deciding if a treatment for resistant 

hypertension is appropriate. To rule out pseudo resistance, 

we must first assess drug adherence, BP procedure, and the 

risk of white-coat hypertension. In addition, evidence of 

contribution to the manifestation of resistance to high 

blood pressure such as heavy alcohol use, obesity and high 

salt intake is conflicting.30 However, most clinical 

guidelines suggest encouraging patients Weight loss, a diet 

rich in fruits, vegetables, and low-fat dairy products with 

less saturated and total fat, smoking cessation, regular 

aerobic physical activity, avoidance of excessive alcohol 

intake, avoidance of excessive caffeine, and avoidance of 

drugs which can raise blood pressure, such as nonsteroidal 

anti-inflammatory drugs (NSAIDs) and glucocorticoids, 

are all recommended.31,32 

 

             

Figure 2: Algorithm depicting the evaluation of resistant hypertension. ACEI indicates angiotensin-converting 

enzyme inhibitor; ARB, angiotensin receptor blocker; and BP, blood pressure. 
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Table 2: Pharmacological treatment of resistant hypertension. 

Combine first- line drugs with different modes of action such as thiazides or thiazidelike diuretics, selective β1-

blockers, long- acting dihydropyridine calcium- channel blockers, angiotensin- converting enzyme (ACE) inhibitors 

and angiotensin II type 1 receptor blockers (ARBs) according to the AB/CD rule.37 

Maximize diuretic treatment. 

Add a mineralocorticoid receptor antagonist (MRA) such as spironolactone. 

Loop diuretics should be used only in patients with an estimated glomerular filtration rate of <30 ml/min/1.73 m2; 

MRAs should not be used in these patients because of the risk of severe hyperkalaemia. 

Second- line agents include centrally acting antihypertensive drugs, α1-blockers, non- dihydropyridine calcium- 

channel blockers, the vasodilator hydralazine and the direct renin inhibitor aliskiren. 

Dual inhibition of the renin angiotensin system by combining ACE inhibitors, ARBs and/or aliskiren should be 

avoided. 

Aliskiren should be used with restraint in patients with diabetes or chronic kidney 

disease owing to the high likelihood of adverse effects. 

Pharmacological management 

When high blood pressure is not controlled by three 

mechanistically complementary antihypertensive agents, 

such as with a long-acting CCB, an ACE inhibitor or 

ARBs, and a thiazide or thiazide-like diuretic, resistant 

hypertension is controlled with the addition of fourth-line 

therapy.  

These three antihypertensive pharmacological classes 

must be given at maximally tolerated doses. Switching 

from hydrochlorothiazide to a thiazide-type diuretic with a 

longer half-life, such as chlorthalidone, can improve blood 

pressure control.31,33 The beneficial effects of thiazide 

diuretics are reduced when the glomerular filtration rate is 

reduced to less than 40 cc/min.31,34 Until the recent 

publication of the Prevention and Treatment of 

Hypertension With Algorithm Based Therapy-2 

(PATHWAY-2).35 The fourth-line agent was empirically 

selected, suggesting a lack of randomised controlled trials 

comparing various options. Although the causes of 

resistant hypertension are poorly understood, one 

hypothesis is that it is caused by inappropriate sodium 

retention in the kidneys.36 For this reason, the National 

Institute for health and care Excellence (NICE) guidelines 

in the UK recommend spironolactone therapy (Table 2) as 

a fourth-line agent in patients with potassium of <4.5 

mmol/L who are likely to respond to a mineralocorticoid 

receptor blocker.11 For patients with potassium of >4.5 

mmol/L it is recommended that the existing diuretic 

(thiazide or thiazide-like) is doubled. Switching to a loop 

diuretic such as furosemide or bumetanide may be helpful 

if control is not achieved.11 

CONCLUSION 

Once a diagnosis of resistant hypertension is confirmed, 

optimization of drug treatment remains the cornerstone of 

its management. Therapy of resistant hypertension 

includes improving compliance with use of medication, 

detection, and treatment of secondary hypertension, use of 

lifestyle measures, and treatment of obesity and other 

comorbidities. Switching the patient from 

hydrochlorothiazide to a longer acting thiazide type 

diuretic such as chlorthalidone may improve blood 

pressure control. If a fourth antihypertensive drug is 

needed to control blood pressure in persons treated with 

adequate doses of antihypertensive drugs from different 

classes including a thiazide-type diuretic, a 

mineralocorticoid receptor antagonist should be added to 

the therapeutic regimen. 
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