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Abstract 

Background: Hypertension remains the leading modifi able contributor to cardiovascular 
morbidity and mortality worldwide despite the availability of effective antihypertensive 
therapies. One of the principal limitations of contemporary management is that treatment 
strategies continue to focus predominantly on blood pressure values rather than on the 
biological complexity of the patient. Increasing evidence demonstrates that hypertension 
rarely exists as an isolated disease; instead, it develops within a complex network of metabolic, 
vascular, renal, cardiac, hepatic and neurological alterations that interact continuously 
throughout the lifespan. This systemic interaction has recently been formalized by the 
American Heart Association through the Cardiovascular–Kidney–Metabolic (CKM) Syndrome, 
emphasizing that obesity, diabetes, chronic kidney disease and cardiovascular disease 
represent different manifestations of a common pathophysiological continuum.

Objective: To propose an integrated clinical framework combining CKM staging with 
the MACARENHA model in order to identify predominant organ phenotypes and personalize 
antihypertensive therapy through rational selection of dual or triple combination treatment.

Results: CKM staging identifi es overall cardiometabolic risk, whereas MACARENHA 
identifi es the predominant target-organ phenotype responsible for disease expression. 
Together, both models provide complementary information that facilitates precision medicine 
in hypertension. Patients exhibiting a vascular phenotype characterized by arterial stiffness, 
endothelial dysfunction, left ventricular hypertrophy or atherosclerotic disease may derive 
greater benefi t from renin–angiotensin system inhibition combined with calcium channel 
blockade. Conversely, patients presenting with renal dysfunction, albuminuria, fl uid retention 
or heart failure represent a cardiorenal phenotype in which renin–angiotensin inhibition plus 
thiazide-like diuretics may provide superior cardiorenal protection. Triple therapy should be 
considered early in patients with advanced CKM stages, persistent uncontrolled hypertension 
or multiple-organ involvement.

Conclusion: Hypertension should no longer be managed as an isolated hemodynamic 
disorder. Integrating CKM staging with organ-based phenotyping through the MACARENHA 
model represents a novel conceptual approach that aligns antihypertensive treatment with 
the patient’s predominant biological phenotype rather than blood pressure values alone.

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.ach.1001045&domain=pdf&date_stamp=2026-08-20
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Introduction
Arterial hypertension affects more than 1.3 billion 

individuals worldwide and continues to be the principal 
modiϐiable determinant of cardiovascular disease, chronic 
kidney disease, heart failure, and premature mortality. 
Although remarkable advances in antihypertensive 
pharmacotherapy have occurred during the last four decades, 
global rates of blood pressure control remain disappointingly 
low, with fewer than half of treated patients achieving 
recommended therapeutic targets [1-3].

Historically, hypertension has been regarded primarily as a 
disorder of elevated arterial pressure. Consequently, treatment 
algorithms have focused on selecting pharmacological agents 
according to blood pressure levels and cardiovascular risk 
categories. While this strategy has signiϐicantly reduced 
cardiovascular events, it overlooks the biological heterogeneity 
that characterizes hypertensive patients. Individuals with 
identical blood pressure values frequently display markedly 
different degrees of vascular remodeling, renal dysfunction, 
metabolic impairment and cardiac injury, suggesting that 
blood pressure alone inadequately reϐlects disease severity 
[4-6].

Recent advances in cardiovascular biology have 
transformed this traditional paradigm. Obesity, insulin 
resistance, chronic inϐlammation, endothelial dysfunction, 
oxidative stress, neurohormonal activation and chronic 
kidney disease have emerged as interconnected drivers 
of hypertension rather than isolated comorbidities. These 
mechanisms create a self-amplifying network of organ 
damage involving the cardiovascular, renal and metabolic 
systems, progressively accelerating cardiovascular risk even 
before overt clinical disease becomes apparent [7-10].

Recognizing this biological continuum, the American 
Heart Association introduced the concept of Cardiovascular–
Kidney–Metabolic (CKM) Syndrome, initially through a 
Presidential Advisory and subsequently incorporated into 
the ϐirst multidisciplinary clinical guideline dedicated to 
CKM prevention, detection and management [11,12]. CKM 
syndrome emphasizes that cardiovascular disease should no 
longer be interpreted independently from obesity, diabetes 
mellitus and chronic kidney disease. Instead, these disorders 
represent sequential stages of the same systemic disease 
process.

Although CKM staging substantially improves global 
cardiovascular risk stratiϐication, it does not fully explain 
the remarkable heterogeneity observed among hypertensive 
patients. Individuals sharing identical CKM stages often 
exhibit distinct patterns of organ involvement that inϐluence 
therapeutic response. Some patients predominantly develop 
arterial stiffness, endothelial dysfunction and accelerated 
atherosclerosis, whereas others exhibit renal sodium 

retention, albuminuria, declining glomerular ϐiltration rate 
and ϐluid overload. These observations support the concept 
that hypertension comprises multiple biological phenotypes 
requiring different therapeutic strategies rather than a 
universal treatment algorithm.

To address this limitation, we propose integrating CKM 
staging with the MACARENHA model, a systemic framework 
that conceptualizes hypertension as a multisystem disease 
involving Metabolic, Adipose, Cardiac, Arterial, Renal, 
Respiratory, Neurological, Hepatic, and Enteric axes. 
Rather than replacing CKM, MACARENHA complements 
it by identifying the predominant target-organ phenotype 
driving disease expression in each patient. In other words, 
MACARENHA is the phenotype of CKM viewed in terms 
of hypertension disease. This dual approach facilitates 
personalized antihypertensive therapy based not only 
on overall cardiovascular risk but also on the dominant 
pathophysiological mechanism [13].

Within this framework, patients characterized by arterial 
stiffness, endothelial dysfunction, left ventricular hypertrophy 
and established atherosclerotic disease deϐine a vascular 
phenotype, in whom blockade of the renin–angiotensin 
system combined with calcium channel antagonists may 
optimize vascular protection. Conversely, patients exhibiting 
albuminuria, chronic kidney disease, ϐluid retention, diabetes 
mellitus or heart failure represent a cardiorenal phenotype, 
in whom renin–angiotensin system inhibition combined with 
thiazide-like diuretics may provide superior cardiorenal 
beneϐits. Individuals with advanced CKM syndrome, persistent 
uncontrolled hypertension or multiorgan damage frequently 
require early initiation of triple therapy to modify disease 
progression adequately.

The objective of this review is therefore to present 
an integrated conceptual model combining CKM staging 
with the MACARENHA framework to support phenotype-
guided antihypertensive therapy (Table 1). We propose that 
hypertension should no longer be treated solely based on 
blood pressure levels but rather through a comprehensive 
assessment of systemic disease burden and predominant 
organ phenotype, thereby advancing precision medicine in 
cardiovascular prevention. Central Figure 1.

The cardiovascular–kidney–metabolic syndrome: 
from isolated risk factors to a systemic disease

The traditional approach to cardiovascular prevention 
has historically considered obesity, diabetes mellitus, chronic 
kidney disease, and cardiovascular disease as independent 
clinical entities. Although each condition has well-established 
diagnostic criteria and therapeutic recommendations, 
growing evidence demonstrates that these disorders share 
common biological pathways and frequently coexist as 
different manifestations of the same progressive disease 
process [13-16].
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Rather than representing isolated conditions, these 
diseases form a continuous biological spectrum characterized 
by chronic low-grade inϐlammation, insulin resistance, 
neurohormonal activation, endothelial dysfunction, oxidative 
stress, adipose tissue dysfunction, and progressive target-
organ injury. The interaction among these mechanisms creates 
a vicious cycle that accelerates vascular aging, myocardial 
remodeling, and renal dysfunction, ultimately increasing 
cardiovascular morbidity and mortality.

Recognizing this interconnected pathophysiology, 
the American Heart Association introduced the concept 
of Cardiovascular–Kidney–Metabolic (CKM) Syndrome, 
redeϐining cardiovascular prevention through a life-course 
approach that integrates obesity, diabetes, chronic kidney 
disease and cardiovascular disease into a single continuum 
[11].

Unlike previous cardiovascular risk models, CKM 
syndrome emphasizes that metabolic abnormalities often 
precede vascular injury by decades. Excess visceral adiposity 
promotes chronic inϐlammation and insulin resistance, 
leading to endothelial dysfunction, sodium retention, 
sympathetic activation and renin–angiotensin–aldosterone 
system (RAAS) stimulation. These alterations progressively 

induce hypertension, arterial stiffness and renal injury long 
before overt cardiovascular events become clinically evident 
[14-18].

Consequently, hypertension should no longer be viewed 
solely as a disease of elevated blood pressure but rather as an 
intermediate manifestation of systemic biological dysfunction.

The biological basis of CKM syndrome

The development of CKM syndrome begins with excess 
adiposity, particularly visceral and ectopic fat accumulation. 
Dysfunctional adipose tissue loses its capacity for 
physiological energy storage and becomes an active endocrine 
organ capable of secreting numerous pro-inϐlammatory 
cytokines and adipokines, including tumor necrosis factor-α, 
interleukin-6, leptin and resistin, while reducing adiponectin 
production. This altered secretory proϐile contributes to 
systemic inϐlammation and metabolic dysregulation [19].

Persistent inϐlammatory activation induces insulin 
resistance in skeletal muscle, liver and adipose tissue, resulting 
in compensatory hyperinsulinemia. Hyperinsulinemia 
further stimulates renal sodium reabsorption, activates the 
sympathetic nervous system and enhances RAAS activity, 
collectively promoting hypertension [20].

Figure 1: Central Figure.

Table 1: Integration of CKM and MACARENHA in clinical decision-making.
CKM component MACARENHA domain Predominant clinical indings Suggested initial therapy

Obesity Metabolic / Adipose Insulin resistance Phenotype dependent
Diabetes Metabolic Hyperglycemia Phenotype dependent

Arterial disease Arterial Arterial stiffness, LVH, CAD RAAS inhibitor + CCB
CKD Renal Albuminuria, ↓eGFR RAAS inhibitor + Diuretic

Heart Failure Cardiac Congestion RAAS inhibitor + Diuretic
Multiorgan disease Multiple CKM Stage 3–4 Triple therapy

CKM: Cardiovascular-Kidney-Metabolic syndrome; CKD: Chronic Kidney Disease
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At the vascular level, oxidative stress reduces nitric oxide 
bioavailability, impairs endothelial function and accelerates 
arterial stiffening. Increased collagen deposition, elastin 
fragmentation and vascular calciϐication progressively elevate 
pulse-wave velocity, increasing systolic blood pressure and 
left ventricular afterload [21].

Simultaneously, renal microvascular injury reduces 
nephron function, increases glomerular hypertension and 
promotes albuminuria. Progressive nephron loss further 
activates RAAS, creating a positive feedback loop that 
exacerbates hypertension and cardiovascular injury [22].

Therefore, hypertension represents both a consequence 
and an ampliϐier of CKM syndrome.

CKM Staging

One of the most innovative aspects of CKM syndrome 
is the introduction of a progressive staging system that 
reϐlects cumulative biological risk rather than isolated clinical 
diagnoses. Table 1A. 

Why CKM changes hypertension management

The implications of CKM syndrome extend beyond risk 
stratiϐication.

Traditional hypertension guidelines generally recommend 
treatment according to blood pressure levels combined with 
overall cardiovascular risk. While this strategy has improved 
clinical outcomes, it assumes that patients with similar blood 
pressure values respond similarly to identical therapeutic 
approaches.

However, CKM syndrome demonstrates that patients with 
identical blood pressure may exhibit profoundly different 
biological proϐiles.

For example, one patient may predominantly exhibit 
endothelial dysfunction and accelerated arterial aging, 
whereas another may primarily develop sodium retention, 
albuminuria, and declining renal function.

These biological differences likely inϐluence therapeutic 
response.

Accordingly, blood pressure values should represent only 
the starting point of therapeutic decision-making rather than 
its ϐinal determinant.

The need for clinical phenotyping

Although CKM staging substantially improves 
cardiovascular risk assessment, it does not specify which 
antihypertensive combination should be selected for a given 
patient.

Two individuals classiϐied as CKM Stage 3 may present 
markedly different target-organ involvement:

• One may exhibit severe arterial stiffness with extensive 
coronary calciϐication.

• Another may present progressive chronic kidney 
disease with signiϐicant proteinuria.

Despite sharing the same CKM stage, these patients likely 
require different antihypertensive strategies.

This observation highlights an important limitation 
of current hypertension algorithms and supports the 
incorporation of clinical phenotyping into therapeutic 
decision-making.

Introducing the MACARENHA concept

To overcome this limitation, we propose integrating CKM 
staging with the MACARENHA model, which conceptualizes 
hypertension as a multisystem disease involving the following 
interconnected domains: M – Metabolic; A – Adipose tissue; 
C – Cardiac; A – Arterial; R – Renal/respiratory disorder; E – 
Enteric/hepatic disorder; N – Neurological; HA - Hypertension. 

Table 1A: Stage progression of Cardio-Kidney-Metabolic syndrome.

Stage 0

No metabolic risk factors.

Normal body weight.

Normal renal function.

No cardiovascular disease.

Stage 1

Excess adiposity.

Central obesity.

Prediabetes.

Insulin resistance.

Stage 2

Established metabolic disease.

Hypertension.

Type 2 diabetes.

Dyslipidemia.

Early CKD.

Stage 3

Subclinical cardiovascular disease.

Coronary artery calcium.

Left ventricular hypertrophy.

Albuminuria.

Increased arterial stiffness.

Stage 4

Clinical cardiovascular disease.

Myocardial infarction.

Heart failure.

Stroke.

Peripheral artery disease.

Advanced CKD.

This staging system shifts the focus from treating isolated 
diseases toward identifying patients before irreversible 
organ damage develops. Importantly, CKM staging recognizes 
hypertension not as the initial disease but as one component 
within a broader pathophysiological cascade.
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Unlike CKM, which quantiϐies global cardiometabolic risk, 
MACARENHA identiϐies the predominant biological expression 
of hypertension at the organ level [13].

The two models therefore answer different but 
complementary clinical questions:

• CKM: How much risk does this patient have?

• MACARENHA: Which organ system is driving the 
disease?

Together, these frameworks provide the basis for a 
phenotype-guided therapeutic strategy (Figure 2).

Clinical phenotyping in hypertension: Integrating 
CKM and MACARENHA to Guide Precision Antihypertensive 
Therapy (Table 2).

Beyond blood pressure: why phenotypes matter

For decades, antihypertensive therapy has been 
selected primarily according to blood pressure values, 
overall cardiovascular risk, and the presence of speciϐic 
comorbidities. While this strategy has substantially reduced 
cardiovascular events, it assumes that hypertension 
represents a homogeneous disease with similar biological 
mechanisms across patients. Increasing evidence indicates 
that this assumption is incorrect [23-27].

Hypertension is a heterogeneous syndrome resulting 
from the interaction of genetic susceptibility, environmental 
exposures, adipose tissue dysfunction, metabolic disturbances, 
vascular remodeling, renal sodium handling, neurohormonal 
activation, endothelial dysfunction, and chronic inϐlammation 
[28-32]. Consequently, two patients with identical ofϐice blood 
pressure may exhibit markedly different biological pathways 
driving disease progression.

This heterogeneity provides the rationale for clinical 
phenotyping, an approach that identiϐies the predominant 
pathophysiological mechanism responsible for hypertension 
in each individual [23,28].

The emergence of Cardiovascular–Kidney–Metabolic 
(CKM) syndrome has signiϐicantly improved cardiovascular 
risk stratiϐication. However, CKM staging alone does not 
identify which organ system predominantly contributes to 
disease progression nor which antihypertensive combination 
is most likely to modify the underlying biology [18,33-36] 
(Figure 3). 

This is where the MACARENHA model complements CKM.

CKM answers the question: “How advanced is the 
patient’s systemic disease?” [33].

Figure 2: Evolution from traditional hypertension to precision medicine.

Table 2: Comparison Between CKM and MACARENHA.
Characteristic CKM Syndrome MACARENHA

Primary objective Quantify global cardiovascular–kidney–metabolic risk Identify predominant organ phenotype
Clinical focus Disease staging Biological expression of hypertension

Main determinants Obesity, diabetes, CKD, CVD Metabolic, adipose, cardiac, arterial, renal, enteric, neurological and hepatic involvement
Therapeutic implication Intensity of cardiovascular prevention Selection of antihypertensive combination

Clinical question answered How high is the patient's risk? Which organ system predominates?
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MACARENHA answers another equally important 
question: “Which biological phenotype predominates?”

Together, these complementary frameworks provide the 
basis for personalized antihypertensive therapy.

Two major clinical phenotypes

Although multiple phenotypes likely exist, two principal 
biological expressions account for the majority of patients 
encountered in daily practice.

1. The vascular phenotype

The vascular phenotype is characterized by predominant 
structural and functional abnormalities of the arterial tree 
[21,23,28].

Its principal mechanisms include:

• Endothelial dysfunction [21]

• Increased arterial stiffness [21]

• Early vascular aging [21]

• Medial calciϐication [25]

• Large artery remodeling [21]

• Increased pulse-wave velocity [21]

• Enhanced wave reϐlection [21]

• Increased systolic load [21]

Clinically, these patients frequently exhibit:

• Isolated systolic hypertension [21]

• Left ventricular hypertrophy [23]

• Coronary artery disease [25]

• Carotid atherosclerosis [25]

• Peripheral arterial disease [25]

• Cerebrovascular disease [25]

• Increased coronary artery calcium score [25]

The principal pathological mechanism is excessive vascular 
resistance caused by progressive loss of arterial compliance 
rather than sodium retention [21].

Consequently, therapies capable of improving arterial 
compliance and endothelial function should theoretically 
provide greater beneϐit [21,27].

Why RAAS inhibitor + Calcium channel blocker?

Calcium channel blockers directly reduce vascular smooth 
muscle tone, decrease arterial stiffness, improve endothelial 
function, and lower central aortic pressure [21].

When combined with RAAS inhibition, additional beneϐits 
include:

• Reduced vascular inϐlammation [28]

• Improved nitric oxide bioavailability [21]

• Regression of left ventricular hypertrophy [23]

• Reduction in carotid intima-media thickness [27]

• Improved coronary microvascular perfusion [27]

• Decreased pulse-wave velocity [21]

Figure 3: Integration of CKM and MACARENHA models into phenotypes of hypertension.
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These mechanisms explain why RAAS inhibitor plus 
calcium channel blocker combinations demonstrated superior 
cardiovascular protection in the ACCOMPLISH trial, despite 
achieving blood pressure reductions similar to those observed 
with RAAS inhibitor plus hydrochlorothiazide [37,38].

Therefore, within the proposed framework, patients 
exhibiting a predominant vascular phenotype should 
preferentially receive: RAAS inhibitor + Calcium Channel 
Blocker.

The cardiorenal phenotype

The second major phenotype is characterized by 
predominant renal and volume-dependent mechanisms 
[15,17,33].

Here, hypertension develops primarily through:

• Sodium retention [17]

• Volume expansion [17]

• Chronic RAAS activation [28]

• Reduced nephron mass [17]

• Glomerular hypertension [17]

• Tubulointerstitial inϐlammation [17]

• Albuminuria [17]

• Progressive chronic kidney disease [17]

Unlike the vascular phenotype, these patients exhibit 
greater extracellular volume expansion than arterial stiffness 
[17].

Clinical characteristics include:

• Albuminuria [17]

• Proteinuria [17]

• Chronic kidney disease [17]

• Diabetes mellitus [33]

• Heart failure [33]

• Edema [17]

• Obesity [29]

• Resistant hypertension [23]

In these patients, renal protection becomes the principal 
therapeutic objective [17,33].

Why RAAS inhibitor + Thiazide-like diuretic?

RAAS inhibition reduces intraglomerular pressure, 
proteinuria, and renal ϐibrosis [17].

Long-acting thiazide-like diuretics provide:

• Sustained natriuresis [37]

• Better 24-hour blood pressure control [23]

• Reduction in extracellular volume [37]

• Regression of left ventricular hypertrophy [23]

• Prevention of heart failure [38,39]

• Improved nocturnal blood pressure [39]

The CLICK trial demonstrated that chlorthalidone 
effectively reduced blood pressure even in advanced chronic 
kidney disease, supporting the role of long-acting thiazide-
like diuretics in selected patients with CKD [37].

Consequently, in patients with predominant renal 
involvement, RAAS inhibition combined with a long-acting 
thiazide-like diuretic represents a biologically coherent 
strategy [37]. Two thiazide-like diuretics are available in 
Mexico: Chlortalidone and indapamide. 

Chlortalidone: A thiazide-like diuretic with a mean 
life of 60 hr has been demonstrated to be an effective and 
potent antihypertensive drug. It is especially recommended 
in patients with cardiorenal, hydric retention, and heart 
failure phenotyping. It is also useful in patients with high 
blood pressure variability. Newly reported mechanisms of 
action have demonstrated that it is an excellent vasodilator 
as well, with cardio-renal and neurological protections [43]. 
Combined with RAAS inhibition represents an extraordinary 
dual therapy [37]. Its combination in a triple strategy is 
recommended for all patients with a high cardiovascular risk.

Indapamide: It is also a thiazide-like diuretic with 
excellent vasodilator properties. Indapamide is very useful in 
patients with advanced age, cognitive deterioration, fragility, 
or recovery from stroke is an excellent therapeutic alternative 
because of neuroprotective effects. Its impact on glucose and 
lipid proϐile is none [40].

Hydrochlorothiazide: It continues to be used as a diuretic 
in combination with RAAS inhibitors; Its limitations are its 
half-life of 8 h. However, in subjects without cardiometabolic 
risk or young adults at low risk, it continues to be a good 
alternative [41]. 

When should triple therapy be initiated?

Current hypertension guidelines generally recommend 
treatment intensiϐication after failure of dual therapy [23,24]. 
However, patients with advanced CKM syndrome frequently 
present with simultaneous vascular, renal, and metabolic 
injury at diagnosis [33].

Delaying treatment escalation in these patients may 
prolong exposure to uncontrolled hypertension and accelerate 
irreversible organ damage [33,35] (Table 3).
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We propose that early triple therapy should be 
considered in patients with:

• CKM Stage 3–4 [33]

• Grade 2–3 hypertension [23]

• Blood pressure ≥20/10 mmHg above target [23]

• Multiorgan target-organ damage[23]

• Established cardiovascular disease [25]

• Chronic kidney disease with albuminuria [17]

• Diabetes plus hypertension [33]

• Resistant hypertension [23]

Triple therapy simultaneously targets:

• RAAS activation [28]

• Arterial vasoconstriction [21]

• Sodium retention [17]

Thereby improving blood pressure control while 
addressing the biological complexity of CKM syndrome 
[23,33].

GLP-1 receptor agonists and SGTL2

The selection of the type of antihypertensive treatment 
will be incomplete if the associated comorbidities are not 
addressed. Optimal management of diabetes, dyslipidemia, 
obesity, kidney damage, ischemic heart disease, arrhythmias or 
heart failure will give the results sought for the comprehensive 
reduction of cardio-reno-metabolic risk. 

The potential relevance of GLP-1 receptor agonists and 
SGLT2 inhibitors within the broader cardiovascular–kidney–
metabolic framework ya no esta en duda. These therapeutic 
approaches may inϐluence obesity, diabetes, chronic kidney 
disease, and related metabolic abnormalities and may 
consequently contribute to improved blood pressure control. 

Conclusion
Hypertension should no longer be regarded as an isolated 

hemodynamic disorder but as a heterogeneous, systemic 
disease embedded within the cardiovascular–kidney–

metabolic continuum. Integrating CKM staging with the 
MACARENHA framework provides a complementary approach 
that combines global disease severity with identiϐication 
of the predominant organ phenotype. This distinction may 
improve therapeutic precision by recognizing that patients 
with similar blood pressure levels or CKM stages may have 
substantially different pathophysiological mechanisms and 
therapeutic needs.

Within this framework, a predominant vascular 
phenotype, characterized by arterial stiffness, endothelial 
dysfunction, left ventricular hypertrophy, or atherosclerotic 
disease, supports the preferential use of renin–angiotensin 
system inhibition combined with calcium channel blockade. 
Conversely, a cardiorenal phenotype characterized by 
albuminuria, chronic kidney disease, sodium retention, ϐluid 
overload, or heart failure provides a biological rationale for 
combining renin–angiotensin system inhibition with a long-
acting thiazide-like diuretic. Patients with advanced CKM 
stages, marked hypertension, persistent uncontrolled blood 
pressure, or multiorgan involvement may warrant earlier 
triple combination therapy.

Thus, the integration of CKM and MACARENHA represents 
a conceptual step toward phenotype-guided hypertension 
management, shifting treatment from blood pressure 
reduction alone toward individualized modiϐication of the 
biological pathways and organ systems driving disease 
progression.
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