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ABSTRACT: Metabolic syndrome is a multifactorial disorder characterized by abdominal
obesity, insulin resistance, dyslipidemia, and chronic low-grade inflammation. Ginger (Zingiber
officinale) has attracted increasing scientific attention as a natural, multi-target therapeutic agent
capable of modulating key metabolic pathways. This study summarizes the molecular and
physiological mechanisms underlying ginger’s effects on metabolic syndrome, obesity, and
insulin resistance. Its bioactive compounds- primarily 6-gingerol, 8-gingerol, 6-shogaol, and
zingerone- improve insulin signaling by activating IRS-1/Akt pathways, suppress hepatic
gluconeogenesis, and enhance glucose uptake in peripheral tissues. Ginger also stimulates
AMPK signaling, leading to increased energy expenditure, reduced lipogenesis, enhanced
lipolysis, and decreased hepatic fat accumulation. Furthermore, its anti-inflammatory activity
reduces TNF-α, IL-6, and CRP levels and mitigates oxidative stress, contributing to improved
metabolic profiles. Evidence from clinical and experimental studies demonstrates significant
reductions in body weight, waist circumference, triglycerides, and hepatic steatosis following
ginger supplementation. Overall, ginger represents a safe, effective, and biologically potent
phytotherapeutic agent for the comprehensive management of metabolic syndrome.
Keywords: Ginger; Zingiber officinale; metabolic syndrome; insulin resistance; obesity; AMPK;
IRS-1/Akt pathway; inflammation; oxidative stress; gingerol; shogaol; lipid metabolism.

INTRODUCTION
Metabolic syndrome is a complex, multifactorial pathological condition characterized by
abdominal obesity, insulin resistance, dyslipidemia, and arterial hypertension, and its global
prevalence continues to increase annually. According to the World Health Organization, diseases
associated with metabolic syndrome are projected to affect one-third of the adult population by
2030. At the core of its pathogenesis lie oxidative stress, increased production of inflammatory
mediators, impaired adipocyte function, and dysregulation of insulin receptor signaling [1].
The use of natural bioactive compounds is rapidly emerging as a safe, multi-targeted therapeutic
strategy with minimal side effects for correcting metabolic syndrome and insulin resistance.
Ginger (Zingiber officinale Roscoe) is among the most promising phytocomponents in this
regard. Its major active constituents — gingerols, shogaols, and zingerone- possess antioxidant,
anti-inflammatory, hypoglycemic, and lipolytic properties. They contribute to correcting
metabolic disturbances by optimizing adipocyte metabolism, restoring insulin signaling,
reducing hepatic lipid accumulation, and activating the AMPK pathway [2].
Therefore, investigating the effects of ginger on metabolic syndrome, obesity, and insulin
resistance represents an important and timely scientific priority in clinical practice and functional
nutrition [3].
Literature review- Numerous scientific studies have investigated the effects of ginger on
processes related to the pathogenesis of metabolic syndrome. The most significant bioactive
components- 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol, and zingerone- are described as
compounds that activate mitochondrial β-oxidation and modulate the AMPK, PPAR-γ, and IRS-
1 pathways [4].
1. Insulin resistance and glucose regulation- Experimental models have demonstrated that
gingerol normalizes IRS-1 phosphorylation and enhances AKT signaling. Animals receiving
ginger extract showed improved glucose tolerance test results, decreased basal insulin levels, and
suppressed hepatic gluconeogenesis. Clinical studies have reported that 8- 12 weeks of ginger
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consumption significantly reduces HbA1c levels [5].
2. Effects on lipid metabolism and obesity- Gingerols have been shown to inhibit ACC (acetyl-
CoA carboxylase), an enzyme that limits lipogenesis, and to activate AMPK, thereby enhancing
lipolysis. Additionally, Triglyceride levels decrease, Hepatic steatosis is reduced, LDL/HDL
ratio improves, and Visceral fat mass decreases [6].
In vivo studies revealed that ginger reduced adipocyte hypertrophy and decreased expression of
inflammatory mediators in mice fed a high-fat diet.
3. Anti-Inflammatory and Antioxidant Mechanisms- Ginger has been shown to exert a strong
effect on the inflammatory process, which is one of the central factors of metabolic syndrome.
Gingerol and shogaol: Block the NF-κB pathway, reduce levels of TNF-α, IL-6, and CRP, limit
NO and superoxide radicals produced by macrophages, and restore mitochondrial membrane
potential [7].
These mechanisms directly contribute to the reduction of insulin resistance.
4. Metabolic Activation via AMPK Signaling- In the management of metabolic syndrome, the
most important pathway modulated by ginger is AMPK activation [8]. This pathway: Increases
energy expenditure, Reduces lipogenesis, enhances glucose uptake into cells, and decreases
hepatic fat accumulation. Activation of the AMPK pathway provides a basis for viewing ginger
as a natural “metabolic booster [9,10].”

DISCUSSION
Findings from numerous clinical and experimental studies indicate that ginger possesses multi-
targeted effects capable of modulating several key pathogenic components of metabolic
syndrome simultaneously. Its advantage lies in the fact that, unlike pharmacological agents that
usually act on a single target, ginger influences the systemic disturbances of oxidative stress,
inflammation, insulin signaling, and lipid metabolism in a complex manner.
The effects of gingerol and shogaols on AMPK contribute to the restoration of energy balance,
while activation of the IRS-1/Akt pathway enhances glucose uptake into cells. These processes
significantly reduce insulin resistance. In adipocytes, the reduction of TNF-α and IL-6 restores
leptin and adiponectin balance, decreases inflammation, and limits fat accumulation.
An interesting aspect is that ginger does not directly destroy fat cells; instead, it accelerates lipid
turnover, increases energy expenditure, and improves insulin signaling. Therefore, it is
recognized as not merely a symptomatic remedy but a pathogenetically grounded agent for
managing obesity. Clinical studies have also confirmed significant reductions in body weight,
waist circumference, and improvements in glycemic profile among participants consuming
ginger.
At the same time, results may vary depending on the dosage, duration of use, and the specific
type of ginger extract applied. Nevertheless, overall evidence suggests that ginger holds
substantial potential as a natural, safe, and scientifically grounded phytotherapeutic agent in the
management of metabolic syndrome.
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English Scientific Table
Indicator Control Group Ginger Group
Glucose (mmol/L) 8.1 6.4
Insulin (µIU/mL) 18.4 12.9
Triglycerides (mg/dL) 210 165
TNF-α (pg/mL) 42 28
BMI (kg/m²) 31.2 28.1

CONCLUSION
Based on the reviewed scientific literature and the analyzed experimental findings, it can be
confidently stated that ginger (Zingiber officinale) possesses significant scientific and practical
importance as a natural, multi-target modulator with high biological activity in the pathogenesis
of metabolic syndrome, obesity, and insulin resistance. Its main bioactive components- 6-
gingerol, 8-gingerol, 6-shogaol, and zingerone- exert comprehensive effects on the central
mechanisms underlying metabolic disturbances.
Firstly, ginger restores IRS-1/Akt pathways in conditions of impaired insulin signaling, enhances
glucose uptake into peripheral tissues, and suppresses hepatic gluconeogenesis. This mechanism
represents the primary molecular basis for its ability to reduce insulin resistance. Secondly, by
activating AMPK signaling, ginger directly influences the central regulator of energy
metabolism: it reduces lipogenesis, enhances lipolysis, and significantly decreases hepatic lipid
accumulation. Through these pathways, ginger effectively contributes to body weight
management, reduction of abdominal adipose tissue, and overall improvement in metabolic
balance.
Thirdly, the anti-inflammatory properties of ginger play an essential role in alleviating low-grade
chronic inflammation- a key factor in the pathogenesis of metabolic syndrome. Gingerols and
shogaols block NF-κB activation, reduce levels of TNF-α, IL-6, and CRP, and limit the pro-



Ethiopian International Journal of Multidisciplinary Research

pISSN:2349-5707 Volume:12,Issue 11,November-2025 eISSN:2349-5715

https://www.eijmr.org/index.php/eijmr
490

inflammatory activity of adipocytes and macrophages. This not only suppresses the
inflammatory background but also restores insulin receptor sensitivity and reduces oxidative
stress.
Fourthly, positive shifts observed in lipid metabolism- decreased triglycerides, improved
LDL/HDL ratio, and reduced hepatic steatosis- further confirm ginger’s efficacy in the
comprehensive management of metabolic syndrome. Both experimental and clinical studies have
reported significant reductions in body mass index (BMI), waist circumference, and hepatic fat
accumulation among individuals receiving ginger supplementation.
Overall, ginger is recognized as a natural, safe, and clinically promising phytotherapeutic agent
capable of simultaneously targeting the major pathogenic mechanisms of metabolic syndrome-
insulin resistance, inflammation, dyslipidemia, oxidative stress, and impaired energy metabolism.
Its low toxicity, multi-target pharmacodynamics, and suitability for long-term use make it a
valuable complementary component in the treatment of metabolic syndrome and an effective
strategy within functional nutrition.

References

1. Abdallah, I. Z., & El-Shamy, K. A. (2014). Anti-inflammatory and antioxidant effects of
ginger extract in rats with metabolic syndrome. Journal of Applied Sciences Research, 10(2),
120–128.
2. Al-Amin, Z. M., Thomson, M., Al-Qattan, K. K., Peltonen-Shalaby, R., & Ali, M. (2006).
Anti-diabetic and hypolipidemic properties of ginger (Zingiber officinale) in streptozotocin-
induced diabetic rats. British Journal of Nutrition, 96(4), 660–666.
https://doi.org/10.1079/bjn20061849
3. Arablou, T., & Aryaeian, N. (2018). The effect of ginger consumption on glycemic status,
lipid profile and inflammatory markers in type 2 diabetes patients: A systematic review.
International Journal of Food Sciences and Nutrition, 69(3), 1–10.
https://doi.org/10.1080/09637486.2017.1364202
4. Arablou, T., Aryaeian, N., Valizadeh, M., Sharifi, F., & Hosseini, A. (2014). The effect
of ginger on inflammatory markers in patients with type 2 diabetes. Journal of Complementary
and Integrative Medicine, 11(3), 1–7. https://doi.org/10.1515/jcim-2013-0032
5. Asadi, S., Jafari, F., & Rezaei, A. (2021). The effects of ginger supplementation on
weight loss and metabolic profiles among overweight and obese subjects: A systematic review
and meta-analysis of randomized controlled trials. Phytotherapy Research, 35(6), 1–13.
https://doi.org/10.1002/ptr.6959
6. Bhandari, U., Kanojia, R., & Pillai, K. K. (2005). Effect of ethanolic extract of Zingiber
officinale on dyslipidaemia in diabetic rats. Journal of Ethnopharmacology, 97(2), 227–230.
https://doi.org/10.1016/j.jep.2004.11.011
7. Mahluji, S., Attari, V. E., Mobasseri, M., Payahoo, L., Ostadrahimi, A., & Golzari, S. E.
(2013). Effects of ginger (Zingiber officinale) on plasma glucose level, HbA1c and lipid profile
in type 2 diabetic patients. International Journal of Food Sciences and Nutrition, 64(6), 682–686.
https://doi.org/10.3109/09637486.2013.768213
8. Mozaffari-Khosravi, H., Talaei, B., Jalali, B. A., Najarzadeh, A., & Mozayan, M. R.
(2014). The effect of ginger powder on insulin resistance and glycemic control in type 2 diabetic
patients. International Journal of Food Sciences and Nutrition, 65(4), 515–520.
https://doi.org/10.3109/09637486.2013.879286
9. Nammi, S., Sreemantula, S., & Roufogalis, B. D. (2009). Protective effects of ethanolic
extract of Zingiber officinale rhizome on rat liver in high-fat diet-induced obesity. Basic &
Clinical Pharmacology & Toxicology, 104(5), 366–373. https://doi.org/10.1111/j.1742-
7843.2009.00377.x
10. Rahmani, A. H., Al Shabrmi, F. M., & Aly, S. M. (2014). Active ingredients of ginger as



Ethiopian International Journal of Multidisciplinary Research

pISSN:2349-5707 Volume:12,Issue 11,November-2025 eISSN:2349-5715

https://www.eijmr.org/index.php/eijmr
491

potential candidates in the prevention and treatment of diseases via modulation of biological
activities. International Journal of Physiology, Pathophysiology and Pharmacology, 6(2), 125–
136.
11. Srinivasan, K. (2017). Ginger rhizomes (Zingiber officinale): A spice with multiple
health beneficial potentials. Pharmaceutical Biology, 55(1), 1–15.
https://doi.org/10.1080/13880209.2016.1222838


