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ABSTRACT 

Hypertension is a leading global health problem and a major cause of heart disease, stroke, kidney disease and 

premature death. Although many anti hypertensive drugs are available, a significant proportion of patients have 

uncontrolled or resistant hypertension. Recent advances focus on improving blood pressure measurement, optimizing 

drug therapy, integrating digital health technologies, and developing novel device based treatments. These innovations 

aim to improve blood pressure control, reduce cardiovascular risk, and provide personalized care for different patient 

populations. This review aims to systematically examine and critically analyze recent advances in hypertension 

management reported between 2022 and 2026. It evaluates the effectiveness of novel antihypertensive medications, 

emerging therapeutic approaches, and technological innovations in improving blood pressure control, reducing 

cardiovascular complications, and enhancing patient outcomes. 
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INTRODUCTION 

Arterial hypertension is one of the most common and preventable risk factors for cardiovascular disease and 

premature death worldwide. Its prevalence is estimated at 30–45% among adults and increases with advancing age [1]. 

Despite the availability of effective antihypertensive therapies, blood pressure remains inadequately controlled in many 

patients, leading to increased cardiovascular events, hospitalizations, healthcare costs, and mortality [2]. Recent updates 

from the European Society of Hypertension (ESH) and the European Society of Cardiology (ESC) have introduced 

revised recommendations for the diagnosis and management ofhypertension [3]. This review summarizes the latest 

evidence and guideline recommendations to provide an updated approach to the diagnosis, treatment, and clinical 

management of arterial hypertension [4]. 

 

EPIDEMIOLOGY 

According to the World Health Organization (WHO), approximately 1.28 billion adults aged 30–79 years worldwide 

have hypertension, with nearly two-thirds living in low- and middle-income countries [5]. Despite the availability of 

effective treatments, only about 42% of people with hypertension are diagnosed and treated, and approximately 21% 

achieve adequate blood pressure control [6]. The prevalence of hypertension increases with age and is influenced by 

risk factors such as obesity, unhealthy diet, physical inactivity, excessive salt intake, alcohol consumption, and diabetes 

[7]. 

 

RECENT CHANGES IN HYPERTENSION GUIDELINES 

The latest recommendations published by the European Society of Hypertension (ESH) in 2023 and the European 

Society of Cardiology (ESC) in 2024 have introduced several important updates in the diagnosis and treatment of 

hypertension[8].Both guidelines continue to define hypertension as an office blood pressure of 140/90 mmHg or above 

and emphasize that the diagnosis should ideally be confirmed using home blood pressure monitoring (HBPM) or 24-

hour ambulatory blood pressure monitoring (ABPM) [9]. These methods provide a more accurate presentation of a 

patient’s blood pressure profile than clinic measurements alone and are valuable for detecting white-coat hypertension, 

masked hypertension, and abnormal nighttime blood pressure patterns [10]. 

One of the major changes in the 2024 ESC guideline is the introduction of the category ―elevated blood pressure,‖ 

which includes individuals with a systolic blood pressure of 120–139 mmHg and/or a diastolic blood pressure of 80–89 

mmHg. This classification aims to identify individuals who are at increased cardiovascular risk and may benefit from 
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earlier preventive strategies [11]. In comparison, the 2023 ESH guideline continues to classify these blood pressure 

levels as normal and high-normal rather than grouping them into a single category [12]. 

Both guidelines highlight that lifestyle modification remains the cornerstone of hypertension prevention and 

management. Recommended interventions include reducing dietary salt intake, consuming a balanced diet such as the 

DASH or Mediterranean diet, maintaining a healthy body weight, engaging in regular physical activity, limiting alcohol 

consumption, avoiding tobacco use, and improving overall cardiovascular health [13]. 

Regarding pharmacological management, both guidelines recommend starting treatment with a single-pill combination 

containing two antihypertensive agents for most patients. Commonly preferred combinations include an ACE inhibitor 

or an angiotensin receptor blocker together with either a calcium channel blocker or a thiazide/thiazide-like diuretic. 

This treatment strategy has been shown to improve medication adherence, achieve faster blood pressure control, and 

reduce the risk of cardiovascular complications [14]. 

Another important recommendation is the adoption of a personalized treatment approach. Management decisions 

should consider the patient’s age, cardiovascular risk, diabetes, chronickidney disease, frailty, and evidence of 

hypertension-mediated organ damage rather than relying solely on blood pressure values [15]. 

The updated guidelines also acknowledge the increasing role of digital health technologies in hypertension care. Remote 

blood pressure monitoring, telemedicine services, and mobile health applications can improve patient follow-up, 

medication adherence, and long-term blood pressure control [16]. Although wearable and cuffless blood pressure 

monitoring devices show considerable promise, additional clinical validation is required before they can be 

recommended for routine use. Similarly, renal denervation is recognized as a potential option for selected patients with 

resistant hypertension [17]. 

Telemedicine, smartphone applications, and remote BP monitoring are increasingly recommended to improve 

adherence and follow-up. Digital health tools are becoming important components of long-term hypertension 

management. 2025-2026 studies supported by 2024 ESC guidelines [18]. 

Cuffless and wearable BP monitoring devices are under investigation for continuous BP assessment. Current guidelines 

acknowledge their potential but recommend further validation before routine clinical use. 2025-2026 research not yet 

include at guidelines [19]. 

Renal denervation has gained stronger evidence for resistant hypertension. Recent studies support its use in carefully 

selected patients when BP remains uncontrolled despite optimal medical therapy. 2025-2026 clinical trials [20]. 

AI-based risk prediction models and clinical decision-support systems are emerging to facilitate personalized 

hypertension management, though they are not yet part of routine guideline recommendations. 2025-2026 research not 

yet include in guidelines [21]. 

 

ADVANCES IN DIAGNOSIS: 

Accurate diagnosis of hypertension is essential to prevent cardiovascular disease, stroke, chronic kidney 

disease, heart failure, and premature death [22]. Recent advances have shifted diagnosis from isolated 

office BP measurements to standardized BP measurement, ABPM, HBPM, digital health technologies, AI, and 

wearable devices [23]. 

Standardized Office Blood Pressure Measurement: 

Office BP remains the foundation of diagnosis. Guidelines recommend validated automated devices, 

proper patient positioning, 5 minutes of rest, multiple readings, and confirmation on at least two 

visits[24].The2017 ACC/AHA defines hypertension as ≥130/80 mmHg, while the2023 ESH and 2024 ESC 

retain ≥140/90 mmHg and recommend confirmation with out-of-office BP monitoring [25]. 

Ambulatory Blood Pressure Monitoring (ABPM): 

ABPM records BP over 24–48 hours during daily activities and sleep. It is the gold standard for confirming 

hypertension and detecting white-coat, masked, and nocturnal hypertension, while providing better prediction 

of cardiovascular outcomes than office BP measurements [26]. 

Home Blood Pressure Monitoring (HBPM): 

HBPM enables patients to monitor BP at home using validated devices. It improves medication adherence, treatment 

monitoring, and detection of white-coat and masked hypertension, and is recommended when ABPM is 

unavailable [27]. 

 

ARTIFICIAL INTELLIGENCE IN HYPERTENSION DIAGNOSIS 

AI analyzes BP data from office measurements, ABPM, HBPM, electronic health records, and wearable devices to 

identify abnormal BP patterns, predict hypertension and cardiovascular risk, and support personalized clinical decision-

making [28].  

 

WEARABLE AND DIGITAL BLOOD PRESSURE MONITORING DEVICES 

Wearable devices such as smart watches, smart rings, patches, and smartphone-based sensors use 

technologies like PPG, PTT, PAT, tonometry, and AI to estimate BP. They enable continuous monitoring, 

telemedicine, and remote patient management but require further clinical validation [29]. 
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RECENT EVIDENCE ON CUFFLESS BLOOD PRESSURE DEVICES 

According to the 2025 AHA Scientific Statement and 2025 AHA/ACC Hypertension Guideline, cuffless BP 

devices are not recommended for routine diagnosis or treatment because their accuracy has not been 

sufficiently validated. Although convenient, they require further research and standardized validation. Validated cuff-

based BP devices remain the recommended standard [30]. 

Future Perspectives: 

Hypertension diagnosis is moving toward precision medicine by integrating ABPM, HBPM, telemedicine, AI, and 

wearable technologies. With further validation, these innovations are expected to improve early detection, 

personalized treatment, and cardiovascular outcomes [31]. 

 
Figure 01:  Modern technologies improve detection, monitoring, and long term blood pressure control. 

 

ADVANCES IN PHARMACOLOGICAL MANAGEMENT 

Recent hypertension management has shifted from stepwise monotherapy to early, individualized combination therapy. 

The 2023 European Society of Hypertension (ESH) and 2024 European Society of Cardiology (ESC) guidelines 

recommend combining lifestyle modification with early pharmacological treatment to achieve rapid blood pressure (BP) 

control and reduce cardiovascular and renal complications.First-Line Antihypertensive Drug Classes: 

• Angiotensin-converting enzyme inhibitors (ACEIs) 

• Angiotensin II receptor blockers (ARBs) 

• Calcium channel blockers (CCBs) 

• Thiazide/thiazide-like diuretics 

 Single-Pill Combination Therapy as First-Line Treatment 

Telmisartan + Amlodipine 

Perindopril + Amlodipine 

Olmesartan + Amlodipine 

Perindopril + Indapamide 

If blood pressure is not controlled with dual therapy, the guidelines recommend triple SPC therapy: ACEI or ARB + 

CCB + Thiazide/Thiazide-like diuretic 

Examples:Telmisartan + Amlodipine + Hydrochlorothiazide 

Olmesartan + Amlodipine + Hydrochlorothiazide 

Valsartan + Amlodipine + Hydrochlorothiazide [32]. 

 

Novel Pharmacological Advances in Hypertension ManagementSodium–Glucose Cotransporter-2 

(SGLT2) inhibitors: Drugs such as empagliflozin and dapagliflozin provide modest BP reduction and improve heart 

and kidney outcomes, especially in patients with diabetes,chronic  disease (CKD), or heart failure [33]. 

Glucagon-Like Peptide-1 Receptor Agonists (GLP-1 RAs): Semaglutide, liraglutide, dulaglutide, and tirzepatide 

reduce BP indirectly through weight loss and lower cardiovascular risk [34]. 

Non-Steroidal Mineralocorticoid Receptor Antagonists (nsMRAs): Finerenone provides cardiovascular and 

renal protection in diabetic CKD and has fewer endocrine adverse effects than traditional mineralocorticoid receptor 

antagonists (MRAs) [35]. 

Endothelin Receptor Antagonists:Aprocitentan is an emerging add-on therapy for resistant hypertension. 

Aldosterone Synthase Inhibitors:Lorundrostat and baxdrostat are investigational drugs showing promising BP 

reduction in resistant hypertension [36]. 

Individualized Use of Additional Antihypertensive Agents:Beta-blockers are recommended mainly for patients 

with coronary artery disease, heart failure, previous myocardial infarction (MI), atrial fibrillation, or pregnancy. Other 

add-on drugs include alpha-blockers, centrally acting agents, and MRAs [37]. 

Mineralocorticoid Receptor Antagonists: Spironolactone is the preferred fourth-line drug for resistant 

hypertension, with eplerenone as an alternative [38]. 
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Emerging Pharmacological Therapies: SGLT2 inhibitors provide additional cardiovascular and renal protection in 

patients with diabetes, CKD, or heart failure.[39]. 

Management of Resistant Hypertension:Management includes confirming adherence, excluding white-coat 

hypertension using ambulatory blood pressure monitoring (ABPM) or home blood pressure monitoring (HBPM), 

optimizing lifestyle, adding spironolactone, and considering renal denervation in selected patients [40]. 

Future Perspectives:Future treatment will focus on early combination therapy, precision medicine, biomarkers, 

genetics, and digital health technologies to provide personalized hypertension management and improve long-term 

outcomes [41]. 

 
Figure 02: Early combination therapy and Novel Agents- Better  

BP Control and Cardiovascular and Renal Protection 

 

DEVICE BASED THERAPIES  

Recent Advances in Device-Based Therapy for Hypertension (2025–2026) 

Device-based therapies are emerging as adjunctive treatments for resistant hypertension in patients whose blood 

pressure remains uncontrolled despite optimal lifestyle modification and antihypertensive medications. These therapies 

primarily target excessive sympathetic nervous system activity and are recommended only for carefully selected 

patients [42]. 

Renal Denervation (RDN): RDN is the most advanced device-based therapy. It uses catheter-based radiofrequency 

or ultrasound energy to ablate renal sympathetic nerves, leading to sustained blood pressure reduction. Recent trials 

(SPYRAL HTN and RADIANCE-HTN) have demonstrated significant efficacy, and current European guidelines 

recognize RDN as an adjunct to medical therapy in selected patients [43]. 

Baroreflex Activation Therapy (BAT): BAT electrically stimulates carotid sinus baroreceptors to reduce 

sympathetic activity and lower blood pressure. It hasshown long-term benefits but remains limited by its invasive nature 

and the need for additional clinical evidence [44]. 

Other Emerging Therapies:Endovascular baroreflex amplification, pacemaker-based cardiac neuromodulation, 

carotid body modulation, and AI-assisted blood pressure control systems have shown promising early results. 

However, these approaches remain investigational and require larger clinical trials before routine use [45]. 

Clinical Perspective: Current guidelines recommend device-based therapies only after confirming true resistant 

hypertension, excluding secondary causes, and optimizing pharmacological treatment. Among available options, 

renaldenervation has the strongest evidence and the greatest potential for routine clinical practice [46]. 

 
Figure 03: Adjunctive options for carefully selected patients with resistant  

hypertension when optional medical therapy fails. 

 

LIFESTYLE INNOVATIONS 

Lifestyle modification remains the foundation of hypertension prevention and treatment and is recommended for all 

individuals with elevated blood pressure. It should be combined with antihypertensive medications to improve blood 
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pressure control and reduce cardiovascular risk [47]. Key lifestyle measures include reducing sodium intake to <2 

g/day (≈5 g salt/day), consuming a DASH or Mediterranean diet rich in fruits, vegetables, whole grains, legumes, 

and low-fat dairy products, and increasing potassium intake when appropriate. Adults should perform at least 150 

minutes of moderate-intensity aerobic exercise per week, along with 2–3 sessions of resistance 

training[48].Weight loss in overweight or obese individuals, smoking cessation, limiting alcohol intake, stress 

management, and adequate sleep further contribute to effective blood pressure control and improved cardiovascular 

outcomes[49]. 

 
Figure 04: Lifestyle changes are the foundation of hypertension prevention and treatment 

 

HYPERTENSION IN SPECIAL POPULATIONS 

Hypertension in Older Adults: Hypertension affects ~70% of adults ≥65 years and commonly presents as 

isolated systolic hypertension. It increases the risk of stroke, heart failure, and kidney disease. Lifestyle changes 

remain essential. An SBP target <130 mmHg is recommended if tolerated, with individualized treatment. Thiazide 

diuretics and calcium channel blockers are preferred first-line drugs [50]. 

Hypertension in Chronic Kidney Disease (CKD): Hypertension occurs in 80–85% of CKD patients and 

accelerates kidney and cardiovascular disease. KDIGO recommends SBP <120 mmHg when tolerated. ACE 

inhibitors or ARBs are first-line, especially in proteinuria. Additional agents include diuretics, calcium channel 

blockers, MRAs, and SGLT2 inhibitors [51]. 

Figure 04: Management should be individualized based on co morbidities, risk factors, and treatment goals.   

 

Hypertension in Kidney Transplant Recipients: Hypertension affects ~85% of kidney transplant recipients 

and increases the risk of graft dysfunction and cardiovascular disease. BP should be maintained below 130/80 

mmHg. Dihydropyridine calcium channel blockers are preferred first-line agents, while ARBs may be used in 

proteinuria but are usually avoided early after transplantation. Treatment should be individualized [52]. 

 

EMERGING RESEARCH AND CHALLENGES AND FUTURE DIRECTIONS 

Hypertension remains a leading cause of cardiovascular disease, stroke, kidney disease, and premature mortality 

worldwide. Although significant advances have improved its diagnosis and treatment, blood pressure control remains 

inadequate due to poor adherence, delayed diagnosis, therapeutic inertia, and healthcare disparities [53]. 

Recent clinical trials, including SPRINT and CSPPT, support intensive blood pressure control to reduce cardiovascular 

events. Ongoing research is expanding the understanding of hypertension pathophysiology, highlighting the roles of 

oxidative stress, inflammation, immune dysfunction, epigenetic changes, and the gut microbiome as potential therapeutic 

targets[54].Future hypertension management will increasingly rely on precision medicine, using genetic, molecular, and 

clinical data to provide personalized treatment. Emerging therapies such as RNA-based drugs, gene-editing technologies, 

and other targeted treatments may offer new options for resistant hypertension[55]. 
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Digital health technologies, including wearable blood pressure monitors, telemedicine, remote patient monitoring, and 

artificial intelligence, are expected to improve early detection, treatment adherence, risk prediction, and individualized 

care. Continued research focusing on age, sex, ethnicity, chronic kidney disease, and population-based prevention 

strategies will further enhance hypertension management and reduce the global burden of cardiovascular disease [56]. 

 

CONCLUSION 

Hypertension continues to be a major global health challenge and a leading risk factor for cardiovascular and renal 

diseases. Recent advances emphasize a comprehensive approach that combines lifestyle modifications, evidence-based 

pharmacological therapy, and individualized management for special populations. Device-based therapies, such as renal 

denervation, offer additional options for resistant hypertension. Emerging developments in precision medicine, artificial 

intelligence, digital health, and novel therapeutic targets are expected to improve early diagnosis, treatment 

personalization, and long-term blood pressure control. Continued research and effective implementation of these 

strategies are essential to reduce the global burden of hypertension and improve patient outcomes. 
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