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ABSTRACT

Chronic kidney disease (CKD) is one of the leading causes of death. It is characterized by progressive decline in glomerular filtration rate (GFR), irreversible structural and functional kidney damage often associated with co-morbidities and multiple complications, including hypertension, diabetes, and cardiovascular diseases. The stages of CKD are classified based on GFR and albuminuria levels, and early detection is important for slowing progression and managing complications. Hypertension (HTN) is one of the leading causes and comorbidities and an independent modifiable risk factor in CKD, and unmanaged HTN progresses to decline in kidney function and kidney damage, resulting in advanced CKD (4 or 5 stage) and end-stage renal disease (ESRD). Both pharmacological and non-pharmacological approaches are involved in the management of HTN in CKD. The review focuses on pharmacotherapy for HTN in CKD patients, with special emphasis on the individualisation of therapy based on kidney function, disease stage, and blood pressure status. According to the latest clinical practice guidelines, HTN is preferably treated with RAAS inhibitors (ACEIs or ARBs) alone or in combination with diuretics and/or calcium channel blockers; to some extent, add-on beta-blockers or centrally acting agents are also recommended. Newly recommended treatment strategies include using drugs that provide additional cardiorenal protection and slow kidney damage. Additionally, evidence-based and clinically proven advancements in the management of HTN in CKD are discussed.

Keywords: ACEI, ARB, Chronic kidney disease, CKD stages, ESRD, hypertension, HTN

1. INTRODUCTION

1.1. Chronic kidney disease

Chronic kidney disease (CKD) is defined as abnormalities of kidney structure or function characterized by a reduction in glomerular filtration rate (GFR) <60 ml/min and kidney damage that is present for at least 3 months, and reduces the ability to keep a person healthy (Herrington et al., 2026). CKD is an irreversible structural and functional kidney damage, also known as chronic renal failure (CRF), significantly seen in patients with hypertension (HTN) and diabetes and associated with multiple complications, such as anemia, metabolic acidosis, altered mineral metabolism, weak bones, nerve damage, and cardiovascular diseases (Yan et al., 2021; Talukdar et al., 2025). In particular, the risk of premature cardiovascular disease is noteworthy, as most CKD patients develop a disability or die from cardiovascular disease before ever progressing to kidney failure, which often leads to considerable morbidity and mortality (Forbes & Gallagher, 2020; Herrington et al., 2026). Moreover, CKD increases with age because ageing is associated with significant changes in the structure and function of the kidney and is seen more frequently in females (Pethő et al., 2024; Talukdar et al., 2025; Stracke et al., 2026). Further, CKD exacerbates the decline in renal function and often progresses to end-stage renal disease (ESRD) (Baker et al., 2026). In the early stages, there are often no symptoms, but CKD may progress to end-stage renal failure (ESRF) and frequently remains stable for many years (Pethő et al., 2024; Herrington et al., 2026). 

1.2. Stages of chronic kidney disease

In practice, early diagnosis and management of CKD are vital to prevent disease progression and minimize the risk of adverse outcomes. Kidney Disease Improving Global Outcomes (KDIGO) guidelines recommend that GFR estimation is a critical diagnostic tool and albuminuria is a predictor of CKD (Pethő et al., 2024; Baker et al., 2026). Importantly, accurate estimation of GFR is widely recognized as significant to diagnosis, assess clinical condition, and the severity and progression of CKD, and additionally provides valuable information for individualization of pharmacological treatment (personalized therapy) based on clinical practice guidelines (Pethő et al., 2024; Baker et al., 2026; Herrington et al., 2026). The five-stage classification system, with each specific stage or category of CKD, is characterised by a level of GFR and degree of albuminuria independently (KDIGO 2024) (Table 1). 

Apart from GFR estimation, albuminuria is the best standardized, most readily available, affordable, and reliable urinary biomarker for kidney function. The presence of proteinuria is an independent risk factor for cardiovascular disease, end-stage renal disease, stroke and death in the general population, and in patients with CKD (Chen et al., 2019; KDIGO 2024; Woo et al., 2024). Indeed, albuminuria is a predictor of CKD and further abnormal levels of both the diagnostic markers increase the cardiovascular risk in CKD patients (Chen et al., 2019; KDIGO 2024; Pethő et al., 2024). Based on accumulating evidence for clinical practice in the milieu of CKD, proteinuria is categorized into three levels of severity based on the albumin-to-creatinine ratio (ACR) and total protein-to-creatinine ratio (TPCR) (Table 2) (KDIGO 2024; Pethő et al., 2024).

Table 1. KDIGO stages and description of chronic kidney disease (CKD) based on estimated glomerular filtration rate (eGFR). (KDIGO 2024; Pethő et al., 2024)

	CKD stages
eGFR categories
	eGFR range 
(ml/min/1.73 m2)
	Description

	G1
	> 90
	Mild renal impairment with normal or reduced GFR

	G2
	between 60 – 89
	Kidney damage, slightly reduced GFR

	G3a
	between 45 – 59
	Mildly to moderately reduced GFR

	G3b
	between 30 – 44
	Moderately to severely reduced GFR

	G4
	between 15 – 29
	Severely decreased GFR

	G5
	< 15 (or renal replacement therapies)
	Renal failure



Early detection of CKD is important so that treatment can be initiated to prevent kidney disease progression and the development of complications, and reduce the risk of CVD and minimize the risk of adverse outcomes (Forbes et al., 2020; Pethő et al., 2024). Owing to progressive decline in renal function and the irreversible nature of renal damage, there is no cure for CKD; on the other hand, early initiation of appropriate pharmacotherapy can alleviate the symptoms and stop it from getting worse. Optimal treatment of CKD includes reducing the patient's risk of CKD progression, treatment for albuminuria, avoidance of potential nephrotoxins, such as NSAIDs, adjustments to drug dosing, and reducing and/or preventing risk of associated complications, such as acute renal injury, cardiovascular diseases, metabolic acidosis, anemia, hyperkalemia, hyperphosphatemia, vitamin D deficiency, secondary hyperparathyroidism, and mineral and bone disorders (Goodbred & Langan, 2023; Pethő  et al., 2024; Talukdar et al., 2025). The goal of CKD management is to prevent disease progression, minimize complications, and promote quality of life (Chen et al., 2019; Goodbred, 2023; Pethő et al., 2024; Talukdar et al., 2025; Herrington et al., 2026). In chronic renal failure, particularly in ESRD, hemodialysis or peritoneal dialysis is the treatment option and kidney transplantation if dialysis is no longer feasible. In both dialysis procedures, toxic metabolites are transferred from the patient's blood across a semipermeable membrane to a dialysis solution, and ESRD leads to renal replacement therapy (Chuasuwan et al., 2020; Talukdar et al., 2025). 

Table 2. KDIGO stages of proteinuria (KDIGO 2024; Pethő et al., 2024)

	Persistent 
albuminuria categories
	Proteinuria (mg/day)
	ACR
	Description

	
	Albuminuria
(AER)
	proteinuria
	ACR
(mg/mmol)

	TPCR
(mg/g)
	

	A1
	<30

	<150
	<3
	<30
	Normal to mildly increased

	A2
	30–300
	150-300
	3–30
	30–300
	Moderately increased

	A3
	>300
	>300
	>30
	>300
	Severely increased


(ACR: albumin/creatinine ratio, AER: Albumin excretion rate; TPCR: total protein/creatinine ratio)


1.3. Hypertension

Hypertension is one of the most common causes and highly prevalent comorbidity condition affecting about 80%–85% of CKD patients. CKD and HTN are closely interlinked pathological conditions in which blood pressure (BP) rises with a decline in kidney function, and sustained elevations in blood pressure increase the progression of kidney disease (Ku et al., 2019; Doumani et al., 2025). Notably, elevated blood pressure (BP) is a strong and independent risk factor for the development of CKD and progression to ESKD if not well managed (Theodorakopoulou et al., 2024). Hypertensive kidney disease per se is the second most commonly known cause of ESKD, after diabetic kidney disease (Qasim et al., 2025). Prevalence of uncontrolled HTN increases with progression of advanced CKD, particularly in CKD G4 or G5 stages, before initiation of renal replacement therapy (Pethő et al., 2024; Talukdar et al., 2025). HTN is a complication in many kidney diseases, including CKD, and uncontrolled HTN has a marked relationship with cardiovascular disease and exists as a leading cause of cardiac morbidity and mortality (Hebert & Ibrahim, 2022; Georgianos & Agarwal, 2023). Moreover, primary and secondary HTN, elevated nighttime BP, masked HTN, uncontrolled HTN, and treatment-resistant HTN are common CKD. Notably, such clinical HTN conditions are associated with lower eGFR, higher levels of albuminuria, progression to ESRD, and organ damage, and adverse cardiovascular outcomes (Forbes et al., 2020; KDIGO 2024; Pethő et al., 2024; Theodorakopoulou et al., 2024). Therefore, HTN remains a leading attributable cause and modifiable risk factor of CKD and ESRD, and management of HTN is crucial in all stages of CKD since controlled and sustained blood pressure within the normal range leads to slowing of disease progression along with reduced cardiovascular disease risk (Ku et al., 2019; Pugh et al., 2019; Georgianos & Agarwal, 2023). 

1.4. Assessment of hypertension in CKD

Importantly, measurement of BP remains the first choice for diagnosis and management of HTN. Several clinical practice guidelines recommend the use of standardized office BP readings owing to the user-friendly device, ease of recording, allowing uniformity of the setting, the conditions of measurement, the patient position, the measurement schedule and the interpretation of the results (Mancia et al., 2023; KDIGO 2024; Theodorakopoulou et al., 2024). Guidelines recommend that office BP should be measured in standardized conditions using validated automatic electronic, upper-arm cuff devices. Hybrid manual auscultatory devices with LCD or LED display, or digital countdown, or shock-resistant aneroid devices can be used if automated devices are not available. Cuffless BP devices should not be used for the evaluation or management of hypertension in clinical practice (Pethő et al., 2024; Theodorakopoulou et al., 2024).

2. MANAGEMENT OF HYPERTENSION IN CKD 

2.1. Non-pharmacological management of hypertension in CKD
 
The initial approach to treating HTN, especially in individuals with CKD, should prioritize nonpharmacologic methods. Dietary interventions form the cornerstone of nonpharmacologic therapy. A diet abundant in fruits and vegetables, while low in saturated or unsaturated fats, such as the dietary approach to stop hypertension (DASH) diet, the Mediterranean diet may result in a moderate decrease in blood pressure by 10 mmHg for individuals with HTN (Ku et al., 2019; Alsalloum et al., 2025). Restricting sodium intake to less than 2 grams daily and boosting potassium intake to 3 to 4 grams/day can result in a decrease in blood pressure for hypertensive patients, but maintaining a high potassium intake might pose challenges for individuals with advanced chronic kidney disease (like stage 4 or 5), potentially leading to hyperkalemia (Ku et al., 2019; Hebert & Ibrahim, 2022; KDIGO 2024; Alsalloum et al., 2025). In obese individuals with CKD, body weight reduction is important, for every 5 kg weight loss presumably about a 5 mm Hg reduction in blood pressure is optimal (Ku et al., 2019; Mallamaci et al., 2021). Resistance training and aerobic exercises can decrease the blood pressure in CKD patients with HTN (Doumani et al., 2025). Drinking alcohol daily was inversely linked to the risk of chronic kidney disease (CKD) in both women and men (Fan et al., 2019). Restricting alcohol consumption to a maximum of two drinks daily for men and one drink daily for women can contribute to better blood pressure management (Ku et al., 2019).

2.2. Pharmacological management of hypertension in CKD
The pharmacological management of HTN in CKD involves multiple treatment strategies and goals: controlling HTN, preserving renal function, mitigating renal damage, and providing additional cardiorenal protection, all achieved through combinations of pharmacotherapeutic options. The goals of treatment include (1) relieving symptoms by achieving and maintaining target blood pressure (<130/80 mmHg), (2) focusing on intensive target of achieving lower systolic BP target of (<120 mmHg) to maximize cardiovascular benefit in high-risk patients, (3) regular and continuous monitoring of eGFR and serum potassium levels, (4) rational selection of antihypertensive agent, (5) considerations for selecting antihypertensive agents in CKD patients with HTN and diabetes, (6) key monitoring and risk mitigation strategies for preferred antihypertensive agents, (7) avoiding conditions and/or drugs that might worsen HTN and/or renal function, (8) slow CKD Progression by protecting kidney function, reducing kidney damage,  and delaying the need for renal replacement therapy, (9) reversing or arresting the process causing the renal damage, and (10) reduce cardiovascular risk by well controlling hypertension to lower risk of stroke, heart attack, and heart failure, (11) proteinuria reduction to in urine (<1000 mg/day) to slow renal function decline, and (12) implementing regular dialysis treatment and/or transplantation with parallelly monitoring of BP at the most appropriate time (Pethő et al., 2024; Theodorakopoulou et al., 2024;  Alsalloum et al., 2025; Doumani et al., 2025).
 
2.3. Recommendations for treatment targets and pharmacotherapeutic choices for managing hypertension in CKD

In CKD patients, initiating antihypertensive treatment involves considering the use of two medications from different classes in a single dosage form (pill), especially when dealing with stage 2 HTN (≥ 140/90 mm Hg) (Hebert & Ibrahim, 2022; Georgianos & Agarwal, 2023; Alsalloum et al., 2025). Renin-angiotensin-aldosterone system modulators (RAAS) inhibitors, angiotensin converting enzyme inhibitors (ACEI), or angiotensin receptor blockers (ARB) are the first choice of treatment to control HTN in individuals with CKD and moderate (ACR 30 to 300 mg/g) or severe (ACR >300 mg/g) albuminuria (Ohno et al., 2022; Mancia et al., 2023;). Diuretics are also a reasonable second-line therapy choice, particularly in those with reduced kidney function and hypervolemia (Hebert & Ibrahim, 2022). The 2023 European Society of Hypertension (ESH) Guidelines recommend a 140/90 mmHg threshold for initiating HTN treatment in CKD adults, emphasizing early lifestyle changes and single-pill combinations. However, in CKD patients with a history of CVD, predominantly coronary artery disease (CAD), drug treatment should be initiated in the high-normal BP range (SBP ≥130 or DBP ≥80 mmHg) (Mancia et al., 2023; Theodorakopoulou et al., 2024; Alsalloum et al., 2025). Particularly, initiating drug therapy with a combination of a RAAS inhibitor with either a dihydropyridine calcium channel blocker (CCB) or a diuretic to achieve target blood pressures efficiently, because monotherapy is insufficient to control blood pressure (Damianaki et al., 2022; Ohno et al., 2022; KDIGO 2024). Step 1 of treatment includes a combination of an ACEI or ARB + CCB or thiazide or thiazide-like diuretic if eGFR ≥30 mL/min/1.73 m2, or a combination of an ACEI or ARB + CCB or loop diuretic if eGFR <30 mL/min/1.73 m2. Step 2 of treatment includes a combination of the three (3) above drug classes to maximum tolerated doses. Step 3 of treatment includes the addition of spironolactone if eGFR ≥30 mL/min/1.73 m2 and potassium within the normal range or chlortalidone if eGFR <30 mL/min/1.73 m2. Aldosterone receptor antagonists (mineralocorticoid receptor antagonists) are also required in individuals with resistant HTN, albuminuria, or heart failure with reduced ejection fraction (Chen et al., 2019; Mancia et al., 2023; Erviti et al., 2024; Theodorakopoulou et al., 2024) (Tables 3 & 4). 

Notably, combining an ACEI with an ARB should be avoided. Novel agents like sodium glucose transporter 2 (SGLT2) inhibitors or the non-steroidal mineralocorticoid receptor antagonist (ns-MRA), finerenone, can slow the progression of kidney diseases and lower cardiovascular mortality in addition to standard care using RAAS inhibitors (Damianaki et al., 2022; Georgianos & Agarwal, 2023; Alsalloum et al., 2025). SGLT2 inhibitors are recommended for patients with diabetic and nondiabetic CKD, if eGFR is at least 20 mL/min/1.73 m2 for both kidney and heart protection in CKD patients. The ns-MRA finerenone is recommended in patients with CKD and albuminuria associated with T2DM, if eGFR is at least 25 mL/min/1.73 m2 and serum potassium <5.0 mmol/L. In CKD patients with hyperkalemia, a potassium binder can be used to maintain potassium <5.5 mmol/L) to allow continuation of treatment with a RAAS inhibitor or an MRA to continue (de Boer et al., 2022; KDIGO 2024). In patients with CKD stage 1–3 and true-resistant HTN, step 3 of treatment includes the addition of spironolactone (preferred drug) or other MRA. Further, beta-blockers, alpha-1 blockers, or centrally acting agents can be used alternatively. In patients with CKD stage 4–5 and true-resistant HTN, step 3 of treatment includes the addition of chlorthalidone (preferred drug) or other thiazide or thiazide-like diuretic. Additionally, beta-blockers, alpha-1 blockers, or centrally acting agents can be used alternatively. Further, discontinuation of RAAS inhibitors is not routinely recommended in patients with CKD stages 4 or 5 (Goodbred, 2023; Mancia et al., 2023; Erviti et al., 2024; KDIGO 2024; Theodorakopoulou et al., 2024) (Tables 3 & 4).

Table 3. Recommended initiating points, targets, and therapeutic choices for the management of hypertension in CKD. (Georgianos & Agarwal, 2023; Goodbred, 2023; Erviti et al., 2024; Ku et al., 2024, KDIGO 2024; Theodorakopoulou et al., 2024; Alsalloum et al., 2025; Avula et al., 2025; Doumani et al., 2025)

	Therapeutic area
	Recommendations

	Treatment initiation
	When SBP 140 mmHg and/or DBP 90 mmHg in CKD patients 18–79 years
When the BP is in the high-normal range (SBP ≥130 or DBP ≥80 mmHg) in CKD patients with a history of CVD (in particular, CAD)

	BP targets in CKD
	The primary goal is to lower office BP to <140/90 mmHg in all CKD patients
BP should be lowered to <130/80 mmHg in CKD patients with an ACR ≥300 mg/g, high CV risk, or kidney transplant with HTN 

	Antihypertensive drug choices in CKD
	An ACEi or an ARB, titrated to the maximum tolerated doses, is recommended for patients with CKD and moderate (ACR 30 to 300 mg/g) or severe (ACR >300 mg/g) albuminuria
Step 1: ACEI or ARB + CCB or T/TL diuretic if eGFR ≥30 mL/min/1.73 m2, or ACEI or ARB + CCB or loop diuretic if eGFR <30 mL/min/1.73 m2
Step 2: Combination of the 3 above drug classes to maximum tolerated doses.
Step 3: Add spironolactone if eGFR ≥30 mL/min/1.73 m2 and potassium within the normal range or chlortalidone if eGFR <30 mL/min/1.73 m2

	Kidney and heart protection
(diabetic and nondiabetic CKD)
	Use SGLT2 inhibitor if eGFR is at least 20 mL/min/1.73 m2 
Finerenone (Non-steroidal MRA) for patients with CKD and albuminuria associated with T2DM, if eGFR is at least 25 mL/min/1.73 m2 and serum potassium <5.0 mmol/L 

	Potassium management
(Hyperkalemia in CKD)
	A potassium binder can be used to maintain potassium levels <5.5 mmol/L) to allow continuation of treatment with a RAAS inhibitor or an MRA

	Resistant hypertension
	In step 3, add spironolactone (preferred) or other MRA in patients with CKD stage 1–3 and true-resistant HTN. Beta-blockers, alpha-1 blockers, or centrally acting agents can be used alternatively.
In step 3, add chlortalidone (preferred) or other thiazide/thiazide-like diuretic in patients with CKD stage 4–5 and true-resistant HTN. Beta-blockers, alpha-1 blockers, or centrally acting agents can be used alternatively.


T/TL diuretic: thiazide or thiazide-like diuretic; MRA: Mineralocorticoid receptor antagonist
Table 4. Therapeutic choice of antihypertensive agents in CKD (Ku et al., 2019; Alsalloum et al., 2025; PDR by ConneciveRx, 2026)

	Medications
	CKD-Related Indications
	Common Side Effects
	Potential Contraindications
	Other Considerations

	Diuretics
	
	
	
	

	Thiazide 
(hydrochlorothiazide, chlorthalidone, metolazone)
	Fluid overload; may improve proteinuria if used in combination with RAAS inhibitors
	Hyperuricemia; hypercalcemia; hyponatremia; hypokalemia; hyperglycemia (with long-term use)
	Gout; hypercalcemia
	May be less effective when eGFR is <30 ml/min/1.73 m2 although some studies have shown these agents remain effective even with low eGFR

	Loop 
(furosemide, bumetanide, torsemide)
	Fluid overload
	Hearing loss; hypokalemia; hypocalcemia; hyponatremia
	Gout; sulfonamide-related hypersensitivity
	Bumetanide and torsemide have better intestinal absorption than furosemide

	Potassium-sparing 
(triamterene, amiloride)
	Fluid overload; hypokalemia
	Hyperkalemia; metabolic acidosis
	Pregnancy
	

	RAAS inhibitors
	
	
	
	

	ACEIs 
(first-line agents if proteinuria)
	Proteinuria reduction; delays progression of CKD
	Cough; angioedema; hyperkalemia; leukopenia; anemia
	Pregnancy; bilateral renal artery stenosis
	

	ARBs
(first-line agents if proteinuria)
	Proteinuria reduction; delays progression of CKD
	Cough (less than with ACEI); angioedema; hyperkalemia
	Pregnancy; bilateral renal artery stenosis
	

	Beta-blockers
	
	
	
	

	Selective (metoprolol, nebivolol)
	
	Bradycardia; hyperkalemia; fatigue; depression; sexual dysfunction
	Asthma; COPD; 2nd or 3rd degree heart block
	

	Combined alpha & beta (carvedilol, labetalol)
	
	Bradycardia; hyperkalemia; fatigue; depression; sexual dysfunction
	2nd or 3rd degree heart block
	May be better tolerated in lung disease than selective beta-blockers

	Calcium channel blockers
	
	
	
	

	Dihydropyridine (amlodipine, nifedipine)
	
	Lower-extremity edema; gingival hypertrophy
	
	May worsen proteinuria

	Nondihydropyridine (diltiazem, verapamil)
	Proteinuria reduction
	Constipation; gingival hyperplasia
	2nd or 3rd degree heart block
	↑ calcineurin and mTOR inhibitor levels

	Other agents
	
	
	
	

	Alpha-blockers
	
	Orthostasis
	
	

	Central α-adrenergic agonists (clonidine)
	
	Sedation; bradycardia; dry mouth; rebound hypertension
	Depression
	

	Vasodilators (minoxidil, hydralazine)
	
	Headache; tachycardia; lupus-like syndrome (hydralazine); edema; pericardial effusion
	Post–myocardial infarction; heart failure
	

	Direct renin inhibitors (aliskiren)
	Proteinuria reduction; if not tolerating ACEIs or ARB
	
	Bilateral renal artery stenosis
	Not recommended for use in combination with ACEIs or ARBs

	Aldosterone antagonists (spironolactone, eplerenone, finerenone)
	Proteinuria reduction
	Hyperkalemia; metabolic acidosis; gynecomastia
	
	May be useful in addition to ACEIs or ARB for proteinuria reduction



3. PHARMACOTHERAPY FOR HYPERTENSION IN CKD 

3.1. Renin-angiotensin-aldosterone system modulators (RAAS) inhibitors (ACEIs and ARBs) 

ACE inhibitors offer significant cardiovascular and renal protection for CKD persons, which decreases proteinuria by reducing intraglomerular pressure, thereby mitigating hyperfiltration (Momoniat et al., 2019; Zhang et al., 2020; Schmieder, 2025). The most widely used ACEIs are ramipril 10 mg/day, captopril 25-150 mg (Max: 450 mg/day), enalapril oral 10 mg/day, intravenous dose is 1.25 mg after every 6 h (Ku et al., 2024; Avula et al., 2025). ARBs are essential medications for managing HTN in individuals with proteinuric chronic kidney disease (Mukoyama & Kuwabara, 2022; Georgianos & Agarwal, 2023). ARBs are recommended as a primary treatment option for individuals with HTN and CKD (Burnier et al., 2019). A combination of an ACEI with an ARB or a combination of aliskiren is generally avoided in CKD patients with or without diabetes due to increased risk of adverse events, such as hyperkalemia and acute kidney injury (Chen et al., 2019; Mukoyama & Kuwabara, 2022). RAAS inhibitors are used cautiously in patients with CKD stages 4 and 5 because they can lead to renal function decline and hyperkalemia (Ohno et al., 2022; Ku et al., 2024; Avula et al., 2025; Schmieder, 2025) (Tables 4 & 5). Importantly, eGFR and serum electrolytes, particularly potassium, should be monitored within 4 – 8 weeks after treatment initiation. The treatment should be stopped or discontinued when there is more than >30% reduction in GFR and should be examined for the presence of renovascular disease (Avula et al., 2025). Moreover, the use of ACEIs or ARBs in CKD increases the risk of hyperkalemia, which is another reason for treatment dose reduction or discontinuation (Leon & Tangri, 2022; Alsalloum et al., 2025; Avula et al., 2025). Hyperkalemia is effectively managed with potassium binders, with newer agents being highly preferred. Sodium polystyrene sulfonate is the first-generation binder generally limited by side effects and poor tolerability compared to newer agents, though still used. The second-generation agents are newer potassium binders, namely patiromer and sodium zirconium cyclosilicate) which are non-absorbed polymers that exchange calcium for potassium and have been shown to effectively normalize elevated serum potassium and chronically maintain normal levels in CKD patients treated with ACEIs, ARBs or spironolactone, with good tolerability (Huang et al., 2025; Riaz et al., 2025). Clinical practice guidelines recommend using these agents to maintain serum potassium <5.5 mmol/L in individuals with CKD in order to allow optimal treatment with a RAAS inhibitor or MRA to continue (KDIGO 2024; Theodorakopoulou et al., 2024).

3.2. Diuretics

The usage of diuretics has been a cornerstone of the treatment of HTN in CKD patients (Ali et al., 2022; Agarwal & Verma, 2025). Diuretics have a key role in the treatment of HTN and fluid overload in CKD. They reduce extracellular fluid volume and enhance the effectiveness of ACE-I, ARBs, and other antihypertensives (Agarwal et al., 2025). The combination of diuretics with ACE-I, ARBs, CCBs, beta-blockers, and centrally acting drugs can yield positive results (Fu et al., 2021; Georgianos & Agarwal, 2023). Thiazide diuretics are a first-line agent for the treatment of HTN, whether used alone or in combination with other antihypertensive drugs (de Boer et al., 2022; Alsalloum et al., 2025). Thiazides induce a negative sodium balance and reduce 1-2 L of body fluids within the first 2-4 weeks, resulting in improved HTN control (Minutolo et al., 2022). Thiazides are avoided when eGFR <45 mL/min because they are less effective and ineffective below 30 mL/min, making them unsuitable for stage 4 CKD (Teles et al., 2023; Schmieder, 2025). Generally used thiazides are hydrochlorothiazide 12.5–50 mg, chlorthalidone 12.5–50 mg, and metolazone 2.5–10 mg (Minutolo et al., 2022). In individuals with eGFR below 30 mL/min/1.73m² or stage 4 CKD, loop diuretics are generally preferred over thiazides due to less effectiveness in advanced CKD (Minutolo et al., 2022; Agarwal et al., 2025). Furthermore, due to their strong natriuretic effect, loop diuretics are administered to patients on maintenance dialysis to reduce the frequency and duration of dialysis sessions (Sánchez-Ospina et al., 2025; Schmieder, 2025; Bhandari et al., 2026). (Tables 4 & 6)

Table 5. Dose range for ACEIs and ARBs for the treatment of hypertension (KDOQI 2007, Singh 2026; PDR by ConneciveRx, 2026)

	Drug Name 
	Starting Dose
	Goal Dose

	ACE Inhibitors 
	
	

	Captopril
	6.25-25 mg 3 times per day 
	25-150 mg 2 or 3 times per day 

	Enalapril 
	5 mg daily
	10-40 mg daily in 1-2 divided doses 

	Benazepril 
	10 mg daily
	20-40 mg/d in 1-2 divided doses 

	Fosinopril 
	10 mg dailys
	20-80 mg daily

	Lisinopril 
	10 mg daily
	20-40 mg daily

	Moexipril 
	7.5 mg daily 
	7.5-30 mg daily in 1-2 divided doses 

	Perindopril 
	4 mg daily 
	4-16 mg daily in 1-2 divided doses 

	Quinapril 
	10-20 mg daily
	20-80 mg daily in 1-2 divided doses 

	Ramipril 
	1.25-2.5 mg daily 
	1.25-20 mg daily in 1-2 divided doses

	Trandclopril 
	1 mg daily
	2-4 mg daily

	ARBs
	
	

	Losartan 
	25-50 mg daily
	25-100 mg daily in 1-2 divided doses

	Irbesartan 
	150 mg daily 
	150-300 mg daily

	Eprosartan 
	600 mg daily (monotherapy) 
	400-800 mg daily in 1-2 divided doses 

	Candesartan 
	16 mg as monotherapy 
	2-32 mg daily in 1-2 divided doses 

	Omesartan 
	20 mg daily (monotherapy) 
	20-40 mg daily

	Telmisartan 
	40 mg daily 
	40-80 mg daily 

	Valsartan 
	80 or 160 mg daily
	80-320 mg daily



Spironolactone, a steroidal mineralocorticoid receptor antagonist (s-MRA), is used for the management of resistant hypertension and primary hyperaldosteronism in the setting of normal eGFR (Edwards et al., 2012; Ng et al., 2016). It is used in CKD primarily to manage cardiovascular risk and reduce proteinuria due to its anti-fibrotic and anti-inflammatory properties (Edwards et al., 2012; Hobbs et al., 2024). Notably, spironolactone reduces mortality in heart failure patients with reduced ejection fraction. Nevertheless, hyperkalemia is a limiting factor, particularly with reduced eGFR <45 mL/min/1.73 m2 (Hobbs et al., 2024). Eplerenone, another s-MRA, is often restricted or used with caution in CKD primarily due to a significantly elevated risk of life-threatening hyperkalemia. Its use is limited because of reduced drug clearance, potential worsening of kidney function, and the availability of alternative treatments (Hu et al., 2023; Alsalloum et al., 2025). A novel class of ns-MRAs, including esaxerenone and finerenone, has recently been investigated among people with T2DM and CKD, in addition to RAAS inhibition. Esaxerenone significantly lowered morning home, bedtime home, and office BP, and albuminuria (reduced ACR) with limited changes in potassium in CKD patients with HTN, regardless of T2DM status and kidney function (eGFR), and without any new safety concerns (Wan et al., 2021; Solis-Herrera & Triplitt, 2024; Uchida et al., 2025). Finerenone, another ns-MRA, with proven kidney and cardiovascular benefit, is recommended for patients with T2DM, eGFR ≥25 ml/min/1.73 m2, normal serum potassium concentration (4.8 mmol/l), and albuminuria (ACR ≥30 mg/g) in addition to the maximum tolerated dose of RAAS inhibitor (Bakris et al., 2020; de Boer, 2022; Agarwal et al., 2023; Prasad, 2025). Finerenone should be started at a dose of 20 mg daily for eGFR >60 mL/min/1.73 m2 and 10 mg for eGFR 25–60 mL/min/1.73 m2 and uptitrated to 20 mg daily if possible. Potassium should be followed 4 weeks after a dose change and regularly during treatment (Agarwal et al., 2023; Prasad et al., 2025). Finerenone administration should be stopped when serum potassium increases to >5.5 mmol/l, and can be restarted at 10 mg daily when serum potassium is ≤5.0 mmol/L. Finerenone can be continued with eGFR <25 mL/min/1.73 m2 as long as the serum potassium level is acceptable and the drug is otherwise tolerated (de Boer et al., 2022; Hakim et al., 2025). (Tables 4 & 6)

Table 6. Dose range for diuretics for the treatment of hypertension (Hasegawa, 2021; Theodorakopoulou et al., 2024; Hobbs, 2025; PDR by ConneciveRx, 2026)

	Antihypertensive agent 
	Usual dose range in mg/d
	Frequency per day

	Thiazide diuretics
	
	

	Chlorthalidone
	12.5-50 
	1

	Hydrochlorothiazide 
	12.5-50 
	1

	Indapamide 
	1.25-5 
	1

	Metolazone 
	2.5-10 
	1

	Loop diuretics
	
	

	Bumetanide 
	0.5-4 
	2 - 3

	Ethacrynic acid 
	0.25-100 
	2 - 3

	Furosemide
	40-240 
	2 - 3

	Torsemide 
	5-100
	1 - 2

	Potassium-sparing agents
	
	

	(a) Sodium channel blockers
	
	

	Amiloride hydrochloride
	25-100 
	1

	Triamterene
	5-10 
	1

	(b) Aldosterone antagonists
	
	

	Spironolactone
	25-100
	1

	Eplerenone
	25-100 
	1-2

	Finerenone 
	20-40
	1



3.3. Calcium channel blockers (CCBs)

Calcium channel blockers (CCBs) are used to treat HTN, CAD, and CKD. They lower blood pressure by dilating blood vessels and are first-line antihypertensive agents in CKD patients, especially when hyperkalemia, ACE-I, or ARBs are contraindicated. CCBs presumably slow renal function decline in HTN and are furthermore used in combination with RAAS inhibitors. CCBs are classified into dihydropyridines and non-dihydropyridines. (Mugendi et al., 2020; Moore & Clemmer, 2021; Ohno et al., 2022). Dihydropyridine CCBs (DHP-CCBs) are vascular-selective agents that strongly lower blood pressure and improve renal perfusion, and they decrease the risk of progression to advanced CKD and ESRD, especially in non-proteinuric and elderly diabetic patients (Lin et al., 2022; Georgianos & Agarwal, 2023). Even though effective, they are less beneficial than RAAS inhibitors in proteinuric CKD (Pugh et al., 2019). Generally used DHP-CCBs are amlodipine 5 mg, nifedipine 30-60 mg, nicardipine 20 to 40 mg (Ohno et al., 2022; Zhao et al., 2023; Schmieder, 2025). Non-dihydropyridine CCBs (non-DHP CCBs) are effective in reducing proteinuria in both diabetic and non-diabetic kidney disease and can be used alone or with ACE inhibitors or ARBs (Steuber et al., 2019; Lido et al., 2025). Non-DHP CCBs have been suggested as a treatment option for patients with HTN (Mugendi et al., 2020). Nondihydropyridine CCBs significantly reduce proteinuria, whereas dihydropyridine CCBs do not, and generally used non-DHP CCBs are diltiazem initial dose of 180 to 240 mg (max: 540 mg) once daily and verapamil, 40 mg TID (Mugendi et al., 2020; Lido et al., 2025; Schmieder, 2025) (Tables 4 & 7).

Table 7. Dose range for diuretics for the treatment of hypertension (Theodorakopoulou et al., 2024; Hobbs, 2025; PDR by ConneciveRx, 2026)

	Antihypertensive agent 
	Usual dose range in mg/d
	Frequency per day

	Dihydropyridines
	
	

	Amlodipine besylate 
	2.5-10
	1

	Felodipine 
	2.5-10
	1

	Isradipine 
	5-20 
	1-2

	Nicardipine 
	60-90 
	2

	Nifedipine 
	30-120 
	1

	Nisoldipine 
	20-60 
	1

	Nondihydropyridines
	
	

	Diltiazem hydrochloride 
	120-360 
	2

	Verapamil hydrochloride 
	120-480 
	2



3.4. Beta-blockers and centrally acting antihypertensive drugs 

Beta-blockers are recommended as second-line agents after RAAS inhibitors for managing HTN in CKD patients, especially those with systolic heart failure (Mitsuboshi et al., 2022; Theodorakopoulou et al., 2024). They can reduce morbidity and mortality in advanced CKD but may worsen renal function by lowering cardiac output and renal perfusion (Fu et al., 2020). Beta-blockers are less effective in reducing cardiovascular events when compared to other antihypertensive classes (Georgianos & Agarwal, 2023; Theodorakopoulou et al., 2024; Schmieder, 2025). Vasodilators can widen the constriction of blood vessels, resulting in increased blood flow to various organs in the body, making them useful in the treatment of HTN. Hydralazine is a direct vasodilator used for the treatment of HTN. It reduces proteinuria and glomerular sclerosis, resulting in renal protection. The initial dose is 10-25 mg (max: 300 mg/day) (Chang & Chen, 2022; Mavrakanas, 2022). Minoxidil is a strong reserve antihypertensive that lowers blood pressure. The initial dose is 5-40 mg/day (max: 100 mg/day) (Georgianos & Agarwal, 2023; Bursztyn & Ben-Dov, 2025). Centrally acting drugs like clonidine, methyldopa, guanfacine, and moxonidine reduce sympathetic tone via α 2-adrenergic receptor activation in the brain, lowering blood pressure without adverse metabolic effects. (Polychronopoulou et al., 2021; Theodorakopoulou et al., 2024; Bursztyn & Ben-Dov, 2025; Schmieder, 2025) (Table 4).

4. FUTURE PERSPECTIVES

With intricate pathogenic molecular and biochemical mechanisms and various intracellular signaling pathways involved in HTN and CKD, interactions between multiple targets are essential for elucidating the development and progression of the diseases. Given the current understanding and therapeutic options available, choosing the right drugs, achieving desired clinical and successful treatment outcomes, and personalizing drug therapy for patients are quite difficult. As a result, it is vital to have ongoing updates on both current and new treatment options, as well as to apply proven, evidence-based therapies to attain the desired clinical outcomes and improve health-related quality of life. Managing HTN in CKD is evolving towards rigorous out-of-office blood pressure (BP) monitoring, utilizing innovative multi-organ protective medications, specific intervention therapies, individualized care (personalized medicine), and effectively reducing disease advancement and avoiding cardiorenovascular complications. (1) By setting stricter BP targets and advanced monitoring of such tailored BP targets. Current clinical practice standards emphasize individualized BP targets based on albuminuria and baseline cardiovascular risk rather than a rigid, one-size-fits-all approach. For most CKD patients, a target systolic BP of (<130/80) mmHg is advised, whereas intensive targets like (<120\) mmHg are often avoided to prevent excessive drops in renal perfusion. Notably, the future of HTN healthcare in CKD is heavily projected on Home Blood Pressure Monitoring (HBPM) and 24-hour Ambulatory Blood Pressure Monitoring (ABPM) by replacing conventional checks to minimize "white-coat" or "masked" HTN and guide treatment timing and tailor medication (Kale et al., 2026). (2) Remote Patient Monitoring (RPM) by advocating patient education and engagement in digital health, thereby RPM is transforming care for high-risk CKD populations. Moreover, by empowering patients to log daily data seamlessly, physicians can optimize medication timing and intervene before cardiorenovascular events occur (Fisher et al., 2025). (3) Clinical practice guidelines have been updated continuously and recommend prescribing novel pharmacological agents. (a) Next-Generation nsMRAs, such as finerenone, provide significant albuminuria reduction and cardiorenal benefits with a reduced risk of hyperkalemia compared to traditional MRAs. Newer investigational nsMRA molecule, ocedurenone (KBP-5074) is a long-acting nsMRA specifically in development for patients with advanced CKD (Stage 3b-4) and uncontrolled HTN. (b) Aldosterone synthase inhibitors (ASIs) are emerging therapies that directly suppress aldosterone synthesis in the adrenal gland without impacting cortisol, offering a targeted approach to managing fluid overload and hypertension in CKD patients without adverse side effects on glucose metabolism. Baxdrostat, is the first-in-class ASIs, a highly selective oral small molecule developed by AstraZeneca, and has demonstrated significant placebo-adjusted reductions in systolic blood pressure in patients with uncontrolled or resistant hypertension. Lurundrastat, another ASI, is currently in Phase IIb/III development, aimed at offering 24-hour BP control. (c) Therapies that combine RAAS blockade with neprilysin (NEP) inhibition (Dual RAAS and NEP inhibitors) are being explored to augment both BP control and target-organ damage. Sacubitril/Valsartan is the first-in-class combination of NEP inhibitor and ARB ARNI), which is the USFDA-approved Angiotensin Receptor-Neprilysin Inhibitor (ARNI), is used extensively to treat chronic heart failure with reduced ejection fraction (HFrEF). (d) Endothelin receptor antagonists (ERAs are another class of emerging drugs, such as sparsentan and aprocitentan, that selectively block the ETA receptor, offering potent protection against kidney decline and reducing proteinuria. These drugs are emerging as powerful adjunctive options for resistant HTN in CKD patients by significantly lowering BP by blocking endothelin-mediated vasoconstriction and tackling volume overload. (e) The advent of newer potassium-binding polymers, such as patiromer and sodium zirconium cyclosilicate, allows clinicians to aggressively prescribe RAAS inhibitors and spironolactone in advanced CKD without the traditional fear of severe hyperkalemia. (f) Notably, small-interfering modulating RNA interference (RNAi) and antisense oligonucleotides are one of the futuristic therapeutic options. Zilebesiran, the first-in-class RNAi therapeutic, is a twice-yearly subcutaneous injection developed by Alnylam Pharmaceuticals. It targets the liver to silence the angiotensinogen gene, shutting down the RAAS cascade at its source, resulting in a sustained reduction in BP. It is currently in Phase III trials (KARDIA). IONIS-AGT-LRx, an investigational antisense oligonucleotide being developed by Ionis Pharmaceuticals that also halts the production of angiotensinogen in the liver, functioning as a long-acting therapeutic (Pu et al., 2025; Alsalloum et al., 2026; Azizi et al., 2026; Doulton et al., 2026; Yanai et al., 2026). 

Emerging options in the management of HTN in CKD include (5) metabolic and organ-protective therapies with renoprotective antihypertensives, such as SGLT2 inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists. (a) Landmark randomized trials have established the use of SGLT2 inhibitors (e.g., dapagliflozin, empagliflozin) as a foundational therapy for CKD. Once strictly used for diabetes, they provide modest BP reduction alongside profound renal and cardiovascular protective benefits. (b) GLP-1 receptor agonists are incretin-based therapies that are becoming key multi-benefit tools. They are increasingly used for concurrent diabetes and weight loss management, offering beneficial effects on endothelial function, systemic inflammation, improving insulin sensitivity, reducing sympathetic tone, and lowering BP in CKD patients. (5) Interventional procedures, such as Renal Denervation (RDN), are another promising option. Minimally invasive catheter-based RDN is re-emerging as a viable therapeutic adjunct. It is targeted for CKD patients with truly resistant hypertension who are intolerant to multi-drug pharmacological regimens (Schmieder, 2025; Azizi et al., 2026; Yanai et al., 2026). (6) Identifying specialised populations based on patient preferences and unique clinical conditions is critical in the management of HTN in CKD. (a) The long-term care of kidney transplant patients is prioritizing DHP-CCBs to counteract immunosuppressive (calcineurin inhibitor–induced) vasoconstriction and protect the graft. (b) Future guidelines recommend balancing aggressive cardiovascular protection with the risks of over-treatment (e.g., falls, acute kidney injury) by utilizing more conservative BP targets in frail or elderly populations (Alsalloum et al., 2025; Doulton et al., 2026). (7) Precision medicine is critical for individualization of therapies. Indeed, (a) intensive targets apply to many elderly patients, or those with advanced, dialysis-dependent CKD often require personalized goals with more conservative approaches to avoid adverse kidney or mortality outcomes. (b) Future strategies prioritize tailoring medication choices to individual patient phenotypes (Personalized phenotyping), such as volume-overloaded versus high-renin states, rather than the standard trial-and-error method (Schmieder, 2025; Alsalloum et al., 2026; Yanai et al., 2026). Moreover, (8) Risk stratification along with multiple comorbidities is a consideration for therapeutic benefits and clinical outcomes. Future treatments integrate combinations of drugs that target comorbidities, such as BP, diabetes, and cardiovascular risk reduction simultaneously. Recent dyslipidemia guidelines incorporate medications like bempedoic acid alongside ACEI/ARBs to lower lipid profiles without the muscle-related issues typical of statins (Mayeda et al., 2026). (9) Chronotherapy is another strategy to manage HTN, which has been under long-term discussion. Emerging approaches study the timing of administration to reverse the "non-dipping" blood pressure profile commonly seen in CKD patients, potentially reducing nocturnal cardiovascular events (Doulton et al., 2026; Yanai et al., 2026).

(10) Drug repurposing is the method of identifying new uses for existing medicines and is considered an effective and profitable approach to combat any disease and its severe complications (Avirineni et al., 2023). The development of targeted drugs by repurposing and repositioning for the early prevention and management of chronic kidney disease (CKD) and associated risk of comorbidities and complications is of remarkable importance. This approach may elucidate potential pathological mechanisms of CKD, bridge the gap between the molecular mechanisms of pathogenesis and clinical intervention, and provide new strategies in future clinical trials of CKD (Panchapakesan & Pollock, 2018; Chen et al., 2024). (11) Immunotherapy by using a vaccine is another approach to managing several diseases. Indeed, new vaccine approvals and introductions are not limited to infectious diseases, but future introductions might be extended to therapeutic vaccines for noncommunicable diseases, such as Alzheimer’s disease, cancer, HTN, and diabetes (Pabbathi et al., 2023). Therapeutic vaccines for HTN that target the RAAS have been proposed and have been researched for almost 50 years. In recent times, restoring structural and functional alterations in the heart and kidney and managing end-organ damage in HTN using efficacious intervention regimens by immunotherapy strategies holds considerable promise and anticipation as a prospective avenue (Nakagami, 2023; Xu et al., 2025). In the era of a suite of advanced technologies that enable machines to learn, reason, and perform tasks traditionally requiring human intelligence, (12) artificial intelligence (AI) can solve complex healthcare issues by taking the place of human decision-making and eliminating time-consuming and inconvenient components of practice. AI systems will change healthcare from a person-centred approach to a more effective, technologically advanced paradigm that is advantageous to all (Jolam & Padi, 2026). AI is revolutionising the treatment of HTN in CKD by (a) employing algorithms, such as Extreme Gradient Boost (XGBoost), in wearable devices to track BP cufflessly. This allows for the tracking of real-time cardiovascular and hemodynamic data, offering a much clearer picture than periodic clinical readings. (b) AI model platforms, such as TrajVis, map out patient progression models by longitudinal analysis of electronic health records (EHR) to predict disease trajectory, i.e., alerting doctors to high risks of renal failure when a patient might transition to ESRD or require unplanned dialysis. (c) AI-enabled Clinical Decision Support Systems (CDSS) analyze vast datasets, including comorbidities and lab trends, and thereby optimize precision treatments, calculate optimal drug titration (antihypertensive, antidiabetic, and anemia treatments), and personalized drug titration (Simeri et al., 2025; Yuan et al., 2025; Dherani et al., 2026). Unquestionably, these future strategies and therapeutic choices, including chronotherapy, immunotherapy, and AI tools, enable cardiologists, diabetologists, and nephrologists to take early action for timely prevention of organ function decline and organ damage to stop ESRD and effective long-term management of HTN in CKD.

5. CONCLUSION

CKD is a progressive and irreversible condition that significantly impacts patient health and quality of life. Early detection is important to slowing disease progression, managing complications, and reducing morbidity and mortality risks. The management of HTN in CKD patients requires a multifaceted approach, including pharmacological treatments, such as RAAS inhibitors, diuretics, and CCBs. Notably, the addition of MRAs, particularly non-steroidal, is strongly recommended to improve renal function and reduce progression of kidney disease to achieve the desired therapeutic benefits of antihypertensive drugs. Early detection and management of HTN are important to reduce complications and improve patient outcomes in CKD. Essentially, focusing on the outcomes and endpoints of randomized clinical trials, an evidence-based management plan, and personalized medicine with individualization of pharmacotherapeutics remains fundamental to achieving BP and treatment targets, reducing cardiovascular disease risk, mitigating adverse drug reactions and disease complications, and slowing progression of CKD.

6. LIMITATIONS

There are certain limitations to the current review. First, as literature reviews frequently include subjective decisions, there is a selection bias. Second, inaccuracies from initial research and recommendations may spread errors while examining and reviewing the literature. Third, review papers do not produce new empirical data or test fresh ideas; instead, they provide clinical experts' perspectives and interpretations of evidence-based meta-analyses, systematic reviews, and clinical practice guidelines. Fourth, failing to take into account the latest ground-breaking research, newly developed guidelines, ongoing randomized controlled trials, and recent pharmacological approvals that lack current safety and real-time effectiveness data.
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