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Abstract

Hypertension is a chronic condition characterized by persistently elevated arterial
blood pressure and is associated with significant metabolic and hormonal disturbances
affecting multiple organ systems. This study aimed to evaluate liver enzyme activity
and selected hormonal biomarkers in hypertensive patients compared with
normotensive individuals. A cross-sectional study was conducted on 60 adult male
participants, including 35 hypertensive patients attending outpatient clinics and 25
apparently healthy normotensive controls. Venous blood samples (5 mL) were
collected under standardized conditions. Serum levels of aldosterone, cortisone, and
creatinine were measured using ELISA (Human Diagnostics, Germany), while liver
enzymes (ALT and AST) were assessed using standard biochemical methods. The
results revealed significantly higher systolic and diastolic blood pressure in
hypertensive patients compared to controls (p < 0.01). In addition, hypertensive
patients exhibited significantly elevated levels of aldosterone, cortisone, ALT, AST,
and creatinine. These findings indicate that hypertension is associated with significant
alterations in hormonal balance, liver function, and renal parameters, reflecting its
systemic nature. The combined evaluation of these biomarkers may provide useful
insights for early detection and risk assessment in hypertensive patients. Further
studies are warranted to clarify the underlying mechanisms linking hormonal
dysregulation and hepatic function to hypertension.
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Introduction

Hypertension is a major systemic disorder characterized by sustained elevation of
arterial blood pressure and associated with profound disturbances in vascular function
and cardiac workload. Rather than being a simple hemodynamic abnormality, it
reflects a complex interaction between cardiac output, peripheral resistance, and
multiple regulatory pathways influenced by neurohormonal and metabolic factors [1].
Its asymptomatic progression often delays diagnosis, allowing structural and
functional damage to accumulate over time, which justifies its classification as a
“silent” but high-impact disease.

Diagnostic criteria for hypertension are well established, with optimal blood pressure
levels ranging between 90/60 and 120/80 mmHg, while persistent values >140/90
mmHg confirm the diagnosis [2]. The condition is strongly associated with modifiable
and non-modifiable risk factors, including obesity, smoking, and a history of
cardiovascular events such as myocardial infarction and stroke [3]. Globally,
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hypertension remains a leading contributor to mortality, accounting for approximately
9.4 million deaths annually, and plays a central role in the progression of chronic
kidney disease and other long-term complications that impose significant healthcare
burdens [4,5].

The development of hypertension involves a multifaceted pathophysiological process
driven by genetic predisposition, aging, sex-related differences, and environmental
influences such as diet, physical inactivity, and psychosocial stress [1,4]. These
factors collectively disrupt vascular homeostasis and promote persistent elevations in
arterial pressure, highlighting the need for a more integrated understanding of disease
mechanisms.

A central component in blood pressure regulation is the renin—angiotensin—
aldosterone system, which governs fluid balance and vascular tone. Aldosterone, the
principal mineralocorticoid hormone, plays a critical role in sodium retention and
potassium excretion; however, its effects extend beyond electrolyte regulation to
include vascular remodeling, cardiac hypertrophy, and progressive renal damage such
as proteinuria and glomerulosclerosis [6—8]. Dysregulation of aldosterone is clinically
evident in primary hyperaldosteronism, a well-recognized cause of secondary
hypertension associated with increased cardiovascular risk [9].

Beyond endocrine mechanisms, hypertension has been increasingly linked to
alterations in liver function, suggesting a broader systemic involvement. Elevated
hepatic enzymes may reflect underlying metabolic stress, oxidative damage, or
inflammatory processes accompanying hypertensive states. Therefore, simultaneous
evaluation of hormonal and hepatic biomarkers may offer a more comprehensive
perspective on disease progression.

Accordingly, this study aimed to investigate the relationship between aldosterone and
cortisone levels and selected renal and hepatic function parameters, and to assess their
potential value as early indicators of hypertension in non-diabetic individuals.

Materials and Methods

A cross-sectional study was conducted between October 2024 and March 2025 in
Texas, United States. The study population consisted of 80 male participants aged 40—
60 years, including 45 patients diagnosed with hypertension and attending outpatient
clinics, and 35 apparently healthy normotensive individuals recruited from academic
staff and students, who served as the control group.

Venous blood samples (5 mL) were collected from the antecubital vein of each
participant under aseptic conditions using sterile disposable syringes. The collected
samples were transferred into clean, sterile tubes and centrifuged at 3000 rpm for 15
minutes to obtain serum. The separated sera were subsequently used for biochemical
analysis. Serum concentrations of aldosterone, cortisone, and creatinine were
measured using enzyme-linked immunosorbent assay (ELISA) kits (Human
Diagnostics, Germany), following the manufacturer’s instructions.

Arterial blood pressure was measured using a calibrated standard sphygmomanometer.
All participants were seated and allowed to rest for at least 10 minutes prior to
measurement. Three consecutive blood pressure readings were recorded at five-
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minute intervals, and the average of these readings was considered for statistical
analysis.

Data were expressed as mean =+ standard deviation (SD). Statistical comparisons
between hypertensive patients and normotensive controls were performed using an
independent samples Student’s t-test. A p-value of less than 0.05 was considered
statistically significant.

Results and Discussion

The present study provides a comprehensive evaluation of hemodynamic, hormonal,
hepatic, and renal alterations associated with hypertension. As presented in Table 1,
no significant difference in age was observed between hypertensive patients and
normotensive controls (p > 0.05), indicating appropriate group comparability. In
contrast, both systolic and diastolic blood pressure values were significantly elevated
in hypertensive patients (p < 0.01), confirming the clinical classification and validity
of the selected study population.

The marked elevation in blood pressure reflects the underlying pathophysiological
imbalance between cardiac output and peripheral vascular resistance, which is a
hallmark of hypertension [1]. These findings are consistent with established
diagnostic criteria and epidemiological data indicating that sustained elevations in
arterial pressure are central to disease progression and its associated complications
[2,4].

Table 1. The age, systolic and diastolic blood pressure in hypertensive patients and
controls

Parameters Control Patients P value
Age (years) 49.1 £8.1 514+43 NS
Systolic Bp (mmHg) 118+3 159 +7 0.01
Diastolic blood pressure | 80.5 £ 1.5 96 +4 0.01
(mmHg)

Biochemically, hypertensive patients demonstrated significantly increased levels of
liver enzymes (AST and ALT) compared with controls (p < 0.01), as shown in Table
2 and Figure 1. This elevation may indicate subclinical hepatic involvement in
hypertensive individuals. The increase in transaminases can be attributed to metabolic
stress, oxidative damage, and low-grade inflammation, which are frequently
associated with hypertension. These findings support the growing body of evidence
suggesting that hypertension extends beyond vascular dysfunction to involve systemic
metabolic disturbances affecting multiple organs, including the liver.

In addition to hepatic alterations, significant elevations in aldosterone and cortisone
levels were observed in hypertensive patients (p < 0.01). The increase in aldosterone
is particularly relevant, as this hormone plays a central role in the regulation of blood
pressure through sodium retention and fluid balance [6]. However, beyond its
classical function, aldosterone has been implicated in vascular remodeling,
myocardial hypertrophy, and progressive renal injury [7,8]. The elevated aldosterone
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levels observed in this study are consistent with previous reports highlighting the
contribution of the renin—angiotensin—aldosterone system (RAAS) to the pathogenesis
of hypertension. Moreover, excessive aldosterone secretion, as seen in conditions
such as primary hyperaldosteronism, is strongly associated with increased
cardiovascular risk [9].

Similarly, the significant rise in cortisone levels suggests an additional endocrine
component contributing to hypertension. Cortisone, as a glucocorticoid-related
hormone, influences vascular tone, metabolic regulation, and stress responses.
Elevated levels may enhance vascular sensitivity to vasoconstrictors and promote
sodium retention, thereby contributing to increased blood pressure. These findings
highlight the importance of hormonal imbalance in the development and maintenance
of hypertensive states.

Furthermore, serum creatinine levels were significantly higher in hypertensive
patients compared with controls (p < 0.01), indicating possible early renal
impairment. This observation aligns with the well-documented relationship between
hypertension and kidney dysfunction, where prolonged elevation in blood pressure
leads to structural and functional damage to renal tissues, including
glomerulosclerosis and reduced filtration capacity [5,8].

Table 2: Levels of liver enzymes, cortisone, and aldosterone in the blood of people
with high blood pressure and healthy controls.

Parameters Control Patients P value
AST (U/L) 20.5+223 36.4+3.5 0.01
ALT (U/l) 21.5+3.8 33.5+34 0.01
Aldosterone 25.1+7.3 106.8 £18.2 0.01
(pg/ml)

Cortisone (ng/ml) | 6.44+2.7 143+£3.5 0.01
Creatinine (mg/dl) | 0.398 +0.03 0.45 £0.05 0.01

Overall, the combined elevation of liver enzymes, hormonal biomarkers, and
creatinine suggests that hypertension is a systemic disorder involving interconnected
pathways of endocrine dysregulation, metabolic disturbance, and organ dysfunction.
The findings of this study reinforce the concept that hypertension should not be
viewed solely as a cardiovascular condition but rather as a multisystem disease with
broad biochemical implications.
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Figure 1. Comparison of liver enzymes and hormonal biomarkers between
hypertensive patients and normotensive controls. Hypertensive patients exhibited
significantly higher levels of AST, ALT, aldosterone, cortisone, and creatinine
compared to controls (p < 0.01).

Importantly, the integration of hormonal (aldosterone and cortisone) and biochemical
(liver enzymes and creatinine) parameters may provide valuable insights for early
detection and risk stratification in hypertensive patients. These biomarkers could
serve as potential indicators of disease severity and progression, supporting more
comprehensive clinical assessment and management strategies.

Conclusion

The findings of the present study demonstrate that hypertension is associated with
significant alterations in hormonal, hepatic, and renal biomarkers. Hypertensive
patients exhibited markedly elevated levels of aldosterone and cortisone, alongside
increased liver enzyme activity (AST and ALT) and serum creatinine, compared with
normotensive controls. These changes reflect the multifactorial nature of
hypertension, involving endocrine dysregulation, metabolic disturbance, and early
organ dysfunction.

The observed elevation in aldosterone supports the central role of the renin—
angiotensin—aldosterone system in the pathogenesis of hypertension, while increased
cortisone levels highlight the contribution of stress-related hormonal pathways.
Concurrent increases in liver enzymes suggest potential hepatic involvement, possibly
linked to oxidative stress and inflammatory processes. In addition, elevated creatinine
levels may indicate early renal impairment associated with sustained high blood
pressure.

Collectively, these findings emphasize that hypertension should be considered a
systemic disorder rather than a purely cardiovascular condition. The combined
assessment of hormonal and biochemical markers may provide valuable insights for
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early detection, risk stratification, and improved clinical management of hypertensive
patients. Further large-scale studies are recommended to clarify the mechanistic
relationships between endocrine alterations, liver function, and hypertension
progression.
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