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Abstract

Background/Aims: To present a clinical case of metabolic syndrome (MetS) and to provide a
concise pathophysiological overview with emphasis on underlying metabolic and inflammatory
mechanisms. Methods: This study is a case report combined with a focused literature review.
We describe a patient with MetS who was evaluated and treated at the Hospital of Vietnam
National University in Hanoi, Vietnam. Results: A 20-year-old male presented with headaches
and palpitations. Clinical examination revealed obesity (BMI 37.1) with a waist circumference
of 111 cm, dyslipidemia (triglycerides/HDL-cholesterol/LDL-cholesterol/total cholesterol:
3.84/1.15/4.39/7.29 mmol/L), and hyperglycemia (blood glucose 7.07 mmol/L, HbA1c 7.2%).
The patient also exhibited sinus tachycardia (114 beats/min) and elevated blood pressure
(170/102 mmHg left arm, 162/100 mmHg right arm), which was confirmed by 24-hour
ambulatory blood pressure monitoring. The triglyceride-to-HDL cholesterol ratio (TG/HDL)
was calculated as approximately 3.34, indicating significant insulin resistance and increased
cardiovascular risk. Based on these findings, a diagnosis of metabolic syndrome associated
with obesity, type 2 diabetes mellitus, and hypertension was established. The clinical
phenotype is consistent with adipose tissue dysfunction, chronic low-grade inflammation,
and insulin resistance, which contribute to dyslipidemia and activation of neurohormonal
pathways such as the renin—angiotensin—aldosterone system. The patient received prompt
medical treatment and achieved clinical stabilization. Conclusion: This case highlights the
early manifestation of metabolic syndrome and illustrates its underlying pathophysiological
mechanisms. Effective management requires early diagnosis and a combined approach
including lifestyle modification, weight reduction, and individualized pharmacological therapy

to improve metabolic control and reduce the risk of long-term cardiovascular complications.
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Introduction

Metabolic syndrome (MetS) is a cluster of interrelated metabolic abnormalities that
markedly increase the risk of cardiovascular disease (CVD), type 2 diabetes mellitus (T2D),
myocardial infarction, and stroke [1-5]. It is characterized by the coexistence of central
obesity, insulin resistance, dyslipidemia, and hypertension, reflecting a complex interaction
between metabolic and inflammatory processes. At the mechanistic level, visceral adiposity
plays a central role by promoting adipokine imbalance, chronic low-grade inflammation, and
impaired insulin signaling, which together contribute to systemic metabolic dysregulation.

The concept of MetS has evolved over several decades. Early observations by Kylin and
later Vague highlighted the association between hypertension, hyperglycemia, and visceral
obesity. Subsequently, Reaven introduced the concept of “Syndrome X,” emphasizing insulin
resistance as a key underlying mechanism, while Kaplan described the “Deadly Quartet,”
linking obesity, glucose intolerance, dyslipidemia, and hypertension. These developments
ultimately led to formal diagnostic criteria established by organizations such as the World
Health Organization (WHO) and the International Diabetes Federation (IDF), which have
been refined over time to improve clinical applicability [4-6].

Today, MetS represents a major global health challenge, with rapidly increasing
prevalence driven by urbanization, sedentary lifestyles, and rising rates of obesity. It is
estimated that approximately 25% of the adult population worldwide is affected, with
even higher prevalence in older individuals and an increasing incidence among younger
populations [6-9]. This trend underscores the importance of early detection and a better
understanding of the underlying pathophysiological mechanisms [10-12].

In this context, we present a clinical case of metabolic syndrome in a young patient and
discuss the condition from a mechanistic and translational perspective, integrating clinical
findings with current knowledge on metabolic and inflammatory pathways.

Clinical Case

A 20-year-old male was admitted to the Hospital of Vietnam National University
(Hanoi, Vietnam) in July 2024 with complaints of persistent headaches, fatigue, palpitations,
and episodes of rapid heart rate over the preceding eight months. The patient reported
intermittent symptoms that initially resolved spontaneously; however, increasing frequency
and severity of headaches and palpitations prompted medical evaluation.

On physical examination, blood pressure was markedly elevated at 170/102 mmHg in
the left arm and 162/100 mmHg in the right arm after rest, with a heart rate of 118 beats/
min. The patient appeared fatigued and exhibited severe obesity with a body mass index
(BMI) of 37.1 (height 165 cm, weight 101 kg) and a waist circumference of 111 cm.

Laboratory investigations
revealed normal hematological  raple 1. Result of Blood Tests
parameters, while biochemical

. Parameter Measured value Unit Normal Limited
analysis demonstrated
hyperglycemia with elevated  Blood Biochemical Tests
HbAlc, hyperuricemia, and Glucose 7.07 mmol/L 3.9-6.4
significant dyslipidemia HbA1C% 7.2 % 48-6.4
characterized by increased Ure 3.8 pmol/L 2.5-7.5
triglycerides, total cholesterol, Creatinin 79 pmol/L 60-120
Uric Acid 564 Umol/L 180-420
and LDL cholesterol (Table Total Cholesterol 7.29 mmol/L <52
1)' Echocardiography Triglycerides 3.84 mmol/L <1.88
demonstrated preserved HDL Cholesterol 1.15 mmol/L 209
left  ventricular  ejection LDL Cholesterol 4.39 mmol/L <34

fraction (EF 65.6%) (Fig. 1), Blood Formula Test

while abdominal ultrasound Red Blood Cell (RBC) 5.42 T/L 45-5.9
findings were  consistent White Blood Cell 4.95 G/L 4.0-10.0

) . ) (WBC)
with fatty liver (Fig. 2). Platelet Count (PLT) 234 G/L 150-350
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Fig. 2. Result of Abdominal Ultrasound.

Electrocardiography showed sinus tachycardia (Fig. 3). Doppler ultrasound of the renal
arteries was unremarkable. In addition, 24-hour ambulatory blood pressure monitoring
confirmed persistent hypertension with elevated systolic and diastolic values (Fig. 4).
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Fig. 4. 24-Hour Blood Pressure Monitoring.

Background Of Metabolic Syndrome

Metabolic syndrome (MetS) is a cluster of interrelated metabolic abnormalities that
significantly increase the risk of cardiovascular disease (CVD), type 2 diabetes mellitus (T2D),
and stroke. It is defined by the coexistence of central obesity, hypertension, hyperglycemia,
and dyslipidemia, typically characterized by elevated triglycerides and reduced HDL
cholesterol levels.

The development of MetS is closely associated with overweight, obesity, and a sedentary
lifestyle, with visceral adiposity playinga central role. The distribution and amount of adipose
tissue, particularly increased waist circumference, are key determinants of metabolic risk.
Excess abdominal fat leads to increased release of free fatty acids into the portal circulation,
promoting lipid accumulation in the liver and skeletal muscle and contributing to metabolic
dysfunction.

At the mechanistic level, MetS arises from a complex interaction between genetic
predisposition and environmental factors. Chronic low-grade inflammation is a central
feature, characterized by increased levels of pro-inflammatory cytokines such as interleukin-6
(IL-6) and tumor necrosis factor-a (TNF-a), which impair insulin signaling pathways. This
results in insulin resistance, reduced glucose uptake, and compensatory hyperinsulinemia.
In parallel, adipose tissue dysfunction leads to adipokine imbalance, further exacerbating
metabolic disturbances [12].
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These processes contribute to dyslipidemia, endothelial dysfunction, and the
development of hypertension. In addition, metabolic alterations are associated with
elevated uric acid levels, increased fibrinogen and plasminogen activator inhibitor-1 (PAI-
1), reflecting a prothrombotic and inflammatory state. Hormonal and stress-related factors
may further aggravate insulin resistance and metabolic imbalance [3-5, 13].

Risk Factors for Metabolic Syndrome

The development of metabolic syndrome is influenced by a combination of demographic,
genetic, and lifestyle-related factors. Age is a major determinant, with prevalence increasing
significantly in older populations, although MetS is increasingly observed in younger
individuals due to rising obesity rates. Sex-related differences have also been reported,
with a particularly high prevalence in postmenopausal women, likely reflecting hormonal
changes that influence fat distribution and insulin sensitivity. Genetic predisposition
plays an important role, as individuals with similar environmental exposures may exhibit
different susceptibility and age of onset, indicating a complex interaction between genetic
background and lifestyle factors. Environmental influences such as urbanization, dietary
habits, reduced physical activity, and increased caloric intake further contribute to the rising
global prevalence of MetS.

Overweight and obesity, particularly visceral adiposity, represent central risk factors.
Adipose tissue functions as an active endocrine organ, releasing free fatty acids and
adipokines that promote systemic inflammation, insulin resistance, and atherogenic
processes. In addition, several comorbid conditions are closely associated with MetsS.
Obstructive sleep apnea contributes to intermittent hypoxia and sympathetic activation,
thereby increasing cardiovascular risk. Non-alcoholic fatty liver disease reflects underlying
metabolic dysfunction and is strongly linked to insulin resistance and chronic inflammation.
Chronic kidney disease is associated with vascular calcification and metabolic disturbances
that further exacerbate cardiovascular risk.

Endocrine factors also play a role, including polycystic ovary syndrome in women and
reduced testosterone levels in men, both of which are associated with insulin resistance and
adverse metabolic profiles.

Diagnosis of Metabolic Syndrome

Early identification of metabolic syndrome is essential in clinical practice. Initial
assessment typically includes evaluation of medical and family history, measurement of
blood pressure, and assessment of central obesity using waist circumference. In individuals
with risk factors such as obesity, family history of type 2 diabetes, or sedentary lifestyle,
further laboratory evaluation of fasting glucose and lipid profile is recommended.

The diagnosis of MetS is based on established clinical criteria, most commonly those
proposed by the National Cholesterol Education Program Adult Treatment Panel III (NCEP
ATP III). According to these criteria, the presence of at least three of the following components
is required: central obesity, elevated blood pressure, hyperglycemia, hypertriglyceridemia,
and reduced HDL cholesterol levels (Table 2).

Table 2. Commonly Used Criteria for Diagnosing Metabolic Syndrome

No. NCEP ATP III Criteria Value

1 Excess abdominal fat: Increased waist 2102 cm (240 inches) for male
circumference (cm [in]) =88 cm (= 35 inches) for female

2 High Fasting Blood Glucose 2 6.1 mmol/L (= 110 mg/dL)

3 High Blood pressure >130/85 mmHg / on antihypertensive medication

> 1.7 mmol/L (2150 mg/dL) / on medication users in the

4 High Trigl i
igh Triglycerides triglyceride-lowering
<40 mg/dL (<1.03 mmol/L) for male / on medication users in
the lipid-1 i
5 Low HDL - Cholesterol e pid-owering

<50 mg/dL (<1.3 mmol/L) for female / on medication users in
the lipid-lowering
Diagnosis of MetS according to NCEP ATP III requires a minimum of three of the above criteria
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Epidemiological studies have demonstrated that the prevalence of MetS increases with
age and is strongly associated with obesity and body mass index. In addition, there is growing
evidence that metabolic syndrome may develop early in life, particularly in overweight and
obese adolescents, highlighting the importance of early screening and prevention strategies
[14, 15].

Recent updates in diagnostic criteria have focused on refining thresholds and improving
applicability across different populations. For example, the impaired fasting glucose
threshold has been lowered to 100 mg/dL (5.6 mmol/L) in accordance with updated ADA
and WHO recommendations. Furthermore, adaptations of diagnostic criteria for specific
populations, including children and different ethnic groups, have been proposed to better
reflect variations in body composition and metabolic risk.

Treatment of Metabolic Syndrome

The management of metabolic syndrome requires a comprehensive approach combining
lifestyle modification and, when necessary, pharmacological therapy. The primary goal is
to improve metabolic parameters, reduce cardiovascular risk, and target the underlying
mechanisms such as insulin resistance and chronic low-grade inflammation.

Lifestyle modification represents the cornerstone of treatment. A heart-healthy diet with
reduced intake of saturated fats and simple sugars, combined with increased consumption
of fruits, vegetables, legumes, and whole grains, is strongly recommended. Regular physical
activity, including aerobic and resistance exercise, should be performed for at least 30
minutes on most days of the week. Even in the absence of significant weight loss, increased
physical activity can improve insulin sensitivity and cardiovascular outcomes [7-9]. For
overweight and obese individuals, a weight reduction of 7-10% over 6-12 months has been
shown to significantly improve metabolic parameters and may partially reverse components
of MetS [9, 13, 16].

Additional measures include smoking cessation and stress management, both of
which contribute to improved cardiovascular and metabolic health. Personalized treatment
strategies should be developed based on individual risk factors and comorbidities [4, 16, 17].

Pharmacological therapy is indicated when lifestyle interventions alone are insufficient.
Anti-obesity medications, including glucagon-like peptide-1 (GLP-1) receptor agonists
such as liraglutide and semaglutide, as well as other agents, may support weight reduction.
Hypertension is typically managed with angiotensin-converting enzyme (ACE) inhibitors or
angiotensin receptor blockers (ARBs) as first-line therapy, often in combination with calcium
channel blockers or other antihypertensive agents. Dyslipidemia is primarily treated with
statins, with additional agents such as fibrates considered in selected cases. For impaired
glucose metabolism or type 2 diabetes, medications such as metformin or other insulin-
sensitizing agents are commonly used to improve glycemic control [9, 16, 17].

Discussion

The present case illustrates an early manifestation of metabolic syndrome in a young
patient, characterized by the coexistence of central obesity, hypertension, hyperglycemia,
and dyslipidemia. Clinical findings, including elevated blood pressure, sinus tachycardia,
and metabolic abnormalities (Fig. 1-4, Table 1), indicate a state of systemic metabolic
dysregulation. According to the NCEP ATP III criteria, the presence of at least three
components is sufficient for diagnosis; in this case, the patient fulfilled four criteria, including
central obesity, hypertension, hypertriglyceridemia, and type 2 diabetes mellitus (Table 2).

Further analysis of lipid parameters revealed a triglyceride-to-HDL cholesterol ratio
(TG/HDL) of approximately 3.34, which is markedly elevated and widely recognized as a
surrogate marker of insulin resistance and increased cardiovascular risk. This finding
supports the presence of significant underlying metabolic impairment and an atherogenic
lipid profile.
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From a mechanistic perspective, the clinical phenotype observed in this patient can be
explained by adipose tissue dysfunction associated with visceral obesity. Increased release
of free fatty acids into the portal circulation promotes lipid accumulation in the liver and
skeletal muscle (Fig. 2), while adipokine imbalance and chronic low-grade inflammation
impair insulin signaling pathways. This results in insulin resistance, reduced glucose
uptake, and compensatory hyperinsulinemia. These processes contribute to dyslipidemia,
endothelial dysfunction, and activation of neurohormonal pathways such as the renin-
angiotensin-aldosterone system, ultimately leading to hypertension and systemic metabolic
imbalance.

To further support this interpretation, publicly available gene expression data from
adipose tissue in obesity and insulin resistance (GEO dataset GSE20950) demonstrate
upregulation of pro-inflammatory cytokines such as IL6 and TNF, as well as alterations
in adipokine-related genes including LEP and ADIPOQ [18]. These molecular findings are
consistent with the mechanisms described above and align with the clinical presentation of
the patient (Fig. 5).

As illustrated in diagram of pathophysiological Mechanism [12], these interconnected
mechanisms provide a conceptual framework linking visceral obesity to insulin resistance,
dyslipidemia, and hypertension. In parallel, pathophysiological Mechanism summarizes
the broader pathophysiological pathways underlying metabolic syndrome, highlighting the
interaction between metabolic, inflammatory, and neurohormonal processes [12].

The early onset of metabolic syndrome in this patient underscores the growing
impact of obesity and sedentary lifestyle on younger populations. In addition to metabolic
disturbances, elevated uric acid levels and prothrombotic factors such as fibrinogen and
plasminogen activator inhibitor-1 further reflect the systemic nature of the disorder.

Treatment of metabolic syndrome requires a combination of lifestyle modification and
pharmacological intervention [25-29]. In this case, the patient was successfully managed with
antihypertensive and heart rate-controlling therapy, including calcium channel blockade,
angiotensin receptor blockade, and beta-blockade, resulting in clinical stabilization [40-48].
Long-term management included a combination of antihypertensive therapy (amlodipine/
valsartan), lipid-lowering therapy (statin), and
antidiabetic treatment (empagliflozin/metformin),
along with lifestyle interventions focusing on weight
reduction, diet, and physical activity [4], [16], [17],
[49-62].

Weight reduction plays a central role in
improving metabolic outcomes. Previous studies
have demonstrated that even moderate weight loss
is associated with significant reductions in blood
pressure and improvement in metabolic parameters.
Mechanistically, reduction of visceral fat decreases
activation of the renin-angiotensin-aldosterone
system and improves insulin sensitivity [44], [62].

Pharmacological considerations are particularly
important in patients with obesity and metabolic
syndrome [44], [62]. While beta-blockers effectively
reduce heart rate, alternative agents such as
ivabradine may be considered in selected cases to
avoid potential metabolic side effects. Similarly,
antihypertensive and antidiabetic therapies should
be selected with consideration of their metabolic
profiles and impact on insulin sensitivity [1], [9].

Overall, this case highlights the importance of
early diagnosis and comprehensive management
of metabolic syndrome, integrating clinical findings Fig. 5. Metabolic Syndrome Schematic
with mechanistic understanding to improve long- Fig. to Summarize the proposed
term outcomes (Fig. 5). pathophysiological mechanisms.
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Conclusion

This case highlights the early manifestation of metabolic syndrome in a young patient
and underscores the importance of timely diagnosis and intervention. The markedly elevated
triglyceride-to-HDL cholesterol ratio supports the presence of significant insulin resistance
and an atherogenic metabolic profile. Effective management of metabolic syndrome requires
an integrated approach combining lifestyle modification and individualized pharmacological
therapy. Weight reduction plays a central role in improving metabolic and cardiovascular
parameters, while appropriate treatment of hypertension and hyperglycemia is essential to
prevent disease progression. Overall, this case emphasizes the need for early detection and
a mechanistic understanding of metabolic syndrome to guide targeted interventions and
reduce the risk of long-term cardiovascular complications.
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