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Abstract

Background: The metabolic abnormalities and sympathetic activity are linked to
hypertension. Catecholamine metabolism can be inferred indirectly from
vanillylmandelic acid (VMA), which is the last metabolite of norepinephrine and
epinephrine. However, it is unclear how serum VMA levels relate to antihypertensive
medication, age, body weight, and hyperlipidemia in hypertensive individuals. Aim:
The purpose of this study was to evaluate the connection between serum VMA levels
and hyperlipidemia, age, body mass index, and antihypertensive medication in men
with hypertension and healthy controls. Methods: Ninety men between the ages of
thirty and fifty-nine were recruited from Al-Sader Teaching Hospital in Najaf to
participate in case-control research. Of them, sixty had hypertension and thirty appeared
healthy. The presence or absence of hyperlipidemia, treatment status (newly diagnosed
or on antihypertensive medication), and body mass index were used to further
categorize the hypertensive subjects. ELISA was used to measure the levels of serum
VMA. The t-test and one-way analysis of variance (ANOVA) were used to compare
groups; p < 0.05 was deemed statistically significant. Results: Compared to healthy
controls, hypertension patients had considerably higher serum VMA levels (p <
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0.0001). VMA concentrations were highest in hypertensive patients who also had
hyperlipidemia, and they increased with age. VMA levels were higher in newly
diagnosed individuals than in those on antihypertensive medication. Furthermore,
serum VMA levels rose gradually in all BMI groups, with obese individuals showing
the highest levels. Conclusions: Increased sympathetic activity and altered
catecholamine metabolism may be the cause of elevated blood VMA levels in
hypertensive men, especially those with hyperlipidemia, obesity, advanced age, and
recently diagnosed hypertension. More longitudinal investigations are required to
confirm the clinical importance of serum VMA as a possible measure of
cardiometabolic risk in hypertension.

Keywords: VMA, Hypertension, Hyperlipidemia, Catecholamines, Obesity, Ageing.

Introduction

Globally, approximately 1.9 billion people are affected by hypertension, which is
associated with a high annual mortality rate due to cardiovascular complications,
according to the WHO Hypertension Report 2025 [1]. The clinical impact of
hypertension is further increased by its frequent association with metabolic disorders,
particularly obesity and dyslipidemia, while advancing age may also contribute to
increased cardiovascular risk and target-organ damage [2]. The pathophysiology of
hypertension is complex and involves interactions among neurogenic, renal, vascular,
hormonal, metabolic, and inflammatory mechanisms [3][4]. Among these mechanisms,
excessive sympathetic nervous system activity has increasingly been recognized as an

important contributor to the development and maintenance of hypertension [5].

Catecholamines are chemical molecules derived from tyrosine that function as both
neurotransmitters and hormones. The main catecholamines, dopamine, norepinephrine,
and epinephrine, play important roles in the regulation of blood pressure, heart rate, and
the body's response to stress [6]. VMA is a final end-product of catecholamine
catabolism, particularly of norepinephrine and epinephrine, and is primarily excreted
in the urine [7]. High concentrations of catecholamines or their metabolic product,
VMA, can cause episodic or sustained hypertension through increased vascular

resistance and cardiac activity [8].
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Furthermore, enhanced sympathetic nervous system activity is associated with JPM.S
essential hypertension and increased catecholamine turnover, which may result in
elevated urinary VMA levels [9]. In addition to its role in blood pressure regulation,
sympathetic nervous system activity is closely involved in metabolic homeostasis [10].
Increased sympathetic stimulation can affect adipose tissue lipolysis, fatty acid
mobilization, and hepatic lipid metabolism, suggesting a potential link between altered
catecholaminergic activity and lipid disturbances [11] [12]. Despite the established role
of catecholamines in blood pressure regulation, the association between VMA levels
and the coexistence of essential hypertension and dyslipidemia in men remains
insufficiently characterized. In particular, limited data are available comparing VMA
levels between hypertensive men with dyslipidemia and healthy men. Therefore,
investigating VMA levels in these groups may help clarify the potential relationship

between catecholamine metabolism and cardiovascular risk factors.

Materials and Methods

2.1. Study design and setting: A case-control study was conducted to estimate serum
VMA levels in men with hypertension and to compare them with those of an apparently

healthy control group.

2.2. Population and groups: A total of 90 men were included in the study, comprising
60 hypertensive patients and 30 healthy controls with normal blood pressure and lipid
profiles. Men were included to minimize biological variability and confounding.
Hypertension was defined according to established diagnostic criteria as a systolic
blood pressure of >140 mmHg and/or a diastolic blood pressure of >90 mmHg,

measured on two separate occasions (1).

The participants' ages ranged from 30 to 59 years. The hypertensive participants
were subsequently categorized according to the presence or absence of hyperlipidemia.
Additional clinical and demographic information was recorded, including treatment
status (newly diagnosed or receiving antihypertensive therapy) and body mass index
(BMI), categorized as normal weight, overweight, or obesity. Samples were obtained

from participants who attended Al-Sader Teaching Hospital in Al-Najaf City.

Inclusion criteria: The study included hypertensive men aged 3059 years.
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Exclusion criteria: Female participants, Participants who did not meet the defined

diagnostic criteria for hypertension in the hypertensive group.

2.3. Clinical and demographic data collection

Clinical information, including age, body mass index (BMI) and treatment, was

collected from all participants.

2.4. Specimens and laboratory workflow

Five milliliters of venous blood was collected under aseptic conditions into sterile
gel tubes. The samples were allowed to clot and then centrifuged at 3500 rpm for five
minutes to obtain serum. The supernatant serum was collected into Eppendorf tubes
and stored at —20°C until analysis. Serum VMA levels were measured using a bioassay
ELISA kit from (Elabscience Biotechnology Inc., Wuhan, China), according to the
manufacturer's standard operating procedures. Participants were classified into two
groups based on their lipid status: patients with hypertension alone and those with
hypertension accompanied by hyperlipidemia. Hyperlipidemia was determined from
documented clinical diagnoses and relevant information recorded in the participants’

medical records. Lipid profile parameters were not directly

2.6. Statistical analysis:

Statistical analysis was performed using International Business Machines Statistical
Package for the Social Sciences (IBM SPSS), version 26. The t-test was used to assess
differences in mean values between two groups, while differences in mean values
among the three groups were assessed using one-way analysis of variance (ANOVA).
A probability value of P < 0.05 was considered statistically significant. Values were

expressed as mean + standard deviation (mean + SD)

2.7. Ethics:

Ethical approval for the study was obtained from the Ethics Committee of Jaber Ibn
Hayyan University of Medical and Pharmaceutical Sciences. Written informed consent

was obtained from all participants before their enrollment in the study.
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3. Results

In the present study, the patient group demonstrated a significant increase (p <
0.0001) in serum VMA concentration compared with the healthy control group. The
mean serum VMA level was 36.22 + 0.66 in the hypertensive patient group, compared

with 4.52 +£0.17 in the healthy control group (Figure 1).

36.22+0.66°
40 N=60

35
30
25
20

15
10 4.5240.17°
N=30

Vanillylmandelic Acid (VMA), ng/ml

Control Patients

Figure 1: Comparison of serum VMA levels between hypertensive men and

control group.

*Different letters indicate significant differences (p < 0.0001), while the same

letters indicate nonsignificant differences.

As shown in Figure 2, the present investigation revealed a significant progressive
increase (P<0.05) in serum VMA concentration across the different age groups. The
mean VMA level was lowest among individuals aged 30-39 years (29.94 + 0.58),
followed by those aged 4049 years (36.96 + 0.34), and reached the highest level in the
50-59 years age group (41.32 +0.25). The VMA concentration was significantly higher
in the 4049 and 50-59 years age groups compared with the 30-39 years group.

7 & - . .
"’:aisz 3 Page 42 Creative Commons Attribution-Non- J.P.M.S Published by DAC Democratic Arabic Center
: Mk\g Commercial 4.0 International License DAC Democratic Arabic Center GmbH, Berlin

o,
77 Araic SN
Iy


https://www.northdata.de/DAC%20Democratic%20Arabic%20Center%20GmbH,%20Berlin/Amtsgericht%20Charlottenburg%20(Berlin)%20HRB%20277475%20B

Vol. 2, Issue 6 , 2026

Journal of Progressive Medical Sciences

41.32+0.25¢

45 + b
36.96+0.34 N=22

N=18

N
o

29.94+0.58°
N= 20

Vanillylmandelic Acid (VMA), ng/ml
- = N N w w
o (6] o (6] o (]

(€]

o

30-39 Years 40-49 Years 50-59 Years

Figure 2: Association between age and serum VMA concentration in men

hypertensive.

*Different letters indicate significant differences (p < 0.0001), while the same

letters indicate nonsignificant differences.

The results demonstrated a highly significant elevation (p < 0.0001) in serum VMA
concentrations among patients with hypertension, with the highest levels observed in
those with concomitant hyperlipidemia (39.97 + 0.35), followed by patients with
hypertension alone (30.95 + 0.62), compared with the healthy control group (4.52 +
0.17). Furthermore, VMA levels were significantly higher (p <0.0001) in hypertensive
patients with hyperlipidemia than in those with hypertension alone, as presented in

Figure 3.
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Figure 3: Comparison of serum VMA levels among hypertensive patients with and

without hyperlipidemia and control group.

*Different letters indicate significant differences (p < 0.0001), while the same

letters indicate nonsignificant differences.

The results shown in Figure 4 demonstrated a highly significant difference (p <
0.0001) in serum VMA concentrations between newly diagnosed and treated patients.
The mean VMA level was significantly higher in newly diagnosed patients (40.69 +
0.30) than in treated patients (32.30 £ 0.67).

40.69+0.30°
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Figure 4: Comparison of serum VMA levels in newly diagnosed and treated men

hypertensive.
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*Different letters indicate significant differences (p < 0.0001), while the same JPM.S

letters indicate nonsignificant differences.

The effect of body weight on serum VMA levels is shown in Figure (5). The results
revealed a significant increase (p < 0.0001) in serum VMA levels in the overweight
(35.86+0.40) and obese (40.99+0.28) groups compared with the normal-weight group
(28.73+0.44). Furthermore, obese individuals showed a significant increase (p <

0.0001) in VMA levels compared with the overweight group.
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Figure 5: Comparison of serum VMA levels across body weight categories.

*Different letters indicate significant differences (p < 0.0001), while the same

letters indicate nonsignificant differences.
Discussion

In the present study, serum VMA concentrations were significantly higher in men
with hypertension than in normotensive controls. This finding is consistent with recent
metabolomic evidence reporting elevated VMA in hypertensive individuals, supporting
its potential role as a marker of altered catecholamine metabolism [13] . VMA is the
principal terminal metabolite of norepinephrine and epinephrine, formed through
monoamine oxidase (MAO)- and COMT-mediated pathways; therefore, increased
circulating VMA may reflect enhanced systemic catecholamine turnover and
sympathetic overactivity [14]. This observation is consistent with evidence indicating

that sympathetic overactivity is a central mechanism in the initiation and maintenance
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of essential hypertension, promoting vasoconstriction, sodium retention, renin release,

and progressive cardiovascular and renal remodeling [13] [15].

Among hypertensive patients, serum VMA concentrations tended to increase
with advancing age. This pattern is biologically plausible, as ageing is associated with
alterations in cardiovascular autonomic regulation and increased sympathetic activity.
In this regard, Shantsila et al. (2015) reported higher muscle sympathetic nerve activity
(MSNA), along with increased catecholamine concentrations and noradrenaline
spillover, in older individuals [16]. Similarly, a meta-analysis of healthy adults across
different age groups found that older adults had higher blood pressure, reduced heart
rate variability and baroreflex function, and a shift in the sympathetic—vagal balance
toward greater sympathetic influence on cardiac function. The same analysis also
demonstrated increased MSNA and higher plasma noradrenaline concentrations with
advancing age [17]. These findings may therefore provide a physiological explanation

for the age-related increase in serum VMA observed in the present study.

In the present study, serum VMA levels were significantly higher in hypertensive
patients with concomitant hyperlipidemia than in those with hypertension alone. This
finding may indicate an association between altered sympathetic activity and metabolic
abnormalities in hypertensive individuals. Adipose tissue closely interacts with the
adrenal glands in the regulation of metabolism and energy balance. Recent evidence
suggests that catecholamines regulate adipose tissue lipolysis and lipid flux through -
adrenergic signaling, while chronic sympathetic overactivity may contribute to
dyslipidemia, insulin resistance, and ectopic fat deposition, all of which are closely
associated with elevated blood pressure. Under physiological conditions, this
bidirectional interaction contributes to metabolic and cardiovascular homeostasis.
However, excessive sympathetic or adrenal hormonal activity may disrupt adipose
tissue function and contribute to adverse metabolic profiles, visceral adiposity, and

hypertension [18] [19]

Newly diagnosed hypertensive patients had higher serum VMA concentrations than
patients receiving antihypertensive treatment. Several antihypertensive drugs can
reduce sympathetic outflow and its cardiovascular and renal effects through different
mechanisms. Centrally acting agents, such as clonidine and methyldopa, decrease

sympathetic outflow from the brainstem, which may result in reduced norepinephrine
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release, heart rate, and peripheral vascular resistance [20]. B-adrenergic blockers act
mainly by blocking Bi-adrenergic receptors in the heart and juxtaglomerular cells,
leading to a reduction in heart rate, myocardial contractility, and renin secretion, and
consequently limiting activation of the renin—angiotensin—aldosterone system. In
addition, some lipophilic B-blockers may have modest central sympatholytic effects and
can reduce presynaptic norepinephrine release, although the extent of these effects
differs between individual B-blocking agents [21]. Consequently, the reduction in
sympathetic outflow may decrease catecholamine release and turnover, which may

subsequently lead to lower VMA concentrations.

A progressive increase in serum VMA concentration was observed with increasing
body weight, with the highest concentrations found among obese patients. Obesity is
commonly accompanied by insulin resistance and compensatory hyperinsulinemia,
both of which have been associated with increased sympathetic activity. Obesity is also
associated with elevated leptin and other adipokines that act centrally to increase
sympathetic nerve activity. Leptin stimulates glutamatergic inputs onto pre-
sympathetic neurons in the paraventricular nucleus, enhancing efferent sympathetic
discharge to the kidney, vasculature, and adipose tissue [22]. Excess visceral adipose
tissue may further contribute to sympathetic activation through the release of pro-
inflammatory cytokines and other adipose-derived mediators that can alter autonomic
regulation [23]. Increased renal sympathetic activity may also play an important role
by promoting renal vasoconstriction, sodium retention, and renin release, thereby
contributing to activation of the renin—angiotensin—aldosterone system and
maintenance of elevated blood pressure [24]. These metabolic, inflammatory, and
neurohumoral abnormalities can act together to maintain a state of sympathetic
overactivity in individuals with obesity. Persistent sympathetic activation may increase

norepinephrine turnover, resulting in greater formation of its terminal metabolite VMA.

Overall, the findings of the present study suggest that hypertension, ageing,
obesity, and metabolic abnormalities may represent different clinical contexts
associated with altered sympathetic and catecholamine regulation, which could
contribute to the observed variation in serum VMA concentrations. The higher VMA
concentrations observed across these clinical conditions may therefore reflect

differences in catecholamine turnover and metabolism rather than a single underlying
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mechanism. Taken together, these findings support the potential association between JPM.S
serum VMA and alterations in catecholamine regulation among hypertensive patients.

1onal studies.

Conclusions:

Men with hypertension had considerably greater serum VMA concentrations than
healthy controls, suggesting that essential hypertension may be associated with altered
catecholamine metabolism and increased sympathetic activity. Higher VMA levels
were also found among patients with hyperlipidemia, older participants, newly
diagnosed patients, and those with greater body weight, particularly those classified as
obese. These results suggest that serum VMA may be useful as a biochemical marker
of the connection between metabolic abnormality, sympathetic activity, and
cardiovascular risk in hypertension. Therefore, more prospective studies with larger
sample sizes are needed to validate these relationships and determine the clinical value

of VMA in managing hypertension and assessing cardiovascular risk.
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