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Abstract 
This review investigates the vital role of resistance training as a therapeutic method for women with metabolic 

syndrome, a condition characterized by insulin resistance, high blood pressure, abnormal lipid levels, and 

central obesity. The primary goal of the review is to consolidate existing research on how resistance training 

impacts metabolic health in this group. A thorough review of peer-reviewed studies was conducted, especially 

those published in the last twenty years. The analysis focused on studies exploring how resistance training 

influences metabolic factors such as insulin sensitivity, glucose metabolism, lipid profiles, and body 

composition in women with metabolic syndrome. The literature indicates that resistance training significantly 

increases muscle mass, improves blood sugar regulation, and positively affects lipid profiles, reducing waist 

size, total cholesterol, and LDL cholesterol levels. Furthermore, the review emphasizes that resistance training 

enhances insulin sensitivity and decreases serum triglyceride levels. The review concludes that resistance 

training is crucial for managing metabolic syndrome in women, helping to improve metabolic health and 

overall well-being.  

Keywords: Resistance training, Metabolic syndrome, Insulin sensitivity, Women's health, Hormonal 

regulation  
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Introduction 
 

etabolic syndrome, a collection of 

metabolic disorders including 

insulin resistance, hypertension, 

dyslipidemia, and central obesity, has become 

a major global public health issue (1). This 

syndrome raises the risk of developing more 

serious conditions like cardiovascular diseases 

and type 2 diabetes mellitus, and it emphasizes 

the importance of effective management 

strategies in modern healthcare. The disorder 

is characterized by disrupted hormonal 

responses in the body, leading to impaired 

blood glucose regulation and reduced insulin 

effectiveness (1,2-4). Consequently, 

individuals with metabolic syndrome often 

face challenges in maintaining normal 

metabolic functions, which can greatly impact 

their overall health and, notably, their quality 

of life.  

A key strategy for managing metabolic 

syndrome is lifestyle modification, particularly 

through exercise (4). Among the different 

types of exercise, resistance training has been 

shown to be highly effective for individuals 

with this condition (4,5). Resistance training 

improves muscle strength and endurance, 

reduces the effects of metabolic syndrome, 

boosts metabolism, and enhances insulin 

sensitivity. This form of exercise lowers blood 

glucose levels and enhances insulin function 

by increasing the GLUT-4 glucose transporter 

in muscle cells (5,6). This mechanism is 

essential for reducing insulin resistance, a 

central problem in metabolic syndrome. 

Research indicates that resistance training 

offers substantial benefits, particularly for 

women with metabolic syndrome (6). Studies 

show that resistance training can significantly 

enhance muscle mass, blood sugar control, and 

lipid levels, all of which are crucial for 

managing the symptoms and risks associated 

with metabolic syndrome (6,7). For instance, 

resistance training has been shown to reduce 

waist circumference, total cholesterol, and 

LDL cholesterol, especially in postmenopausal 

women who are more susceptible to 

complications arising from metabolic 

syndrome (7,8).  

The physiological processes activated by 

resistance training lead to muscle protein 

synthesis, increased muscle mass, and greater 

strength, all of which are important in 

preventing the muscle and bone loss that 

accompanies aging (8,9). These benefits are 

further supported by hormonal responses, such 

as the increase in testosterone, human growth 

hormone (HGH), and insulin-like growth 

factor (IGF), which play a key role in helping 

muscles adapt to exercise (8,9).  

While the benefits of resistance training are 

well-documented, further research is needed to 

fully understand its long-term effects, 

particularly across different demographic 

groups. Most studies have concentrated on 

postmenopausal women, but it's also important 

to investigate how resistance training affects 

younger women and those with varying 

degrees of metabolic syndrome (6). 

Additionally, exploring the combination of 

resistance training with other forms of 

exercise, such as high-intensity interval 

training (HIIT), could help identify the most 

effective strategies for managing metabolic 

syndrome (6,10).  

In summary, resistance training has been 

shown to offer substantial benefits for women 

with metabolic syndrome, contributing to 

improved body composition, metabolic health, 

and overall well-being (7,10,11). This research 

aims to provide a comprehensive review of the 

existing literature on the role of resistance 

training in managing metabolic syndrome, 

with a particular focus on its benefits for 

women. By integrating current findings, this 

review seeks to highlight the importance of 

resistance training as a key component in 

managing metabolic syndrome and to identify 

areas where further research is needed to 

improve treatment strategies for this 

increasingly prevalent health issue. 
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Impact of resistance training on 

metabolic health in women 
The literature review examined relevant 

studies using keywords related to metabolic 

syndrome, female health, and resistance 

training. This review did not concentrate on 

specific studies or target a particular age 

group; instead, it aimed to provide a broad 

overview of the effects of resistance training 

on metabolic health outcomes in women. The 

findings indicate that resistance training can 

lead to increased muscle mass, reduced waist 

circumference, and improved regulation of 

blood lipids, including decreases in total 

cholesterol and LDL cholesterol (11,12). 

Moreover, resistance training has been shown 

to enhance insulin sensitivity, as reflected in 

lower fasting blood glucose and insulin levels 

(12-15). 

The consistent improvements in muscle 

mass, glycemic control, and lipid profiles 

observed across various studies confirm the 

effectiveness of resistance training as a 

therapeutic approach for metabolic syndrome 

(14,16). Metabolic syndrome in women is 

heavily influenced by hormonal and metabolic 

changes that occur throughout different life 

stages, especially during menopause (6,15). 

The interaction between estrogen, insulin 

resistance, and adipocytokines plays a critical 

role in the development and progression of this 

condition (15-17).  

 

Hormonal influences 
The drop in estrogen levels during 

menopause is linked to an increase in body fat 

and insulin resistance, both of which are key 

factors in metabolic syndrome. Estrogen 

replacement therapy has shown promise in 

counteracting these effects by enhancing 

glycemic control and reducing visceral fat 

through mechanisms like activating lipolytic 

enzymes and suppressing lipogenic gene 

expression (17,18). 

 

Metabolic mechanisms 
Hormones like leptin and adiponectin, which 

are produced by fat tissue, play a role in the 

development of metabolic syndrome. 

Dysregulation of these adipocytokines can 

exacerbate insulin resistance and inflammation 

(15,19). Insulin is central to metabolic 

syndrome, and its dysfunction can lead to 

conditions such as obesity and diabetes, which 

are more prevalent in women (19). While 

hormonal changes significantly contribute to 

the development of metabolic syndrome, 

lifestyle factors like diet and physical activity 

are also crucial in its progression and 

management (19). Metabolic syndrome has a 

significant impact on reproductive health and 

fertility in women, influencing various 

physiological and hormonal processes (20).  

 

Effects on fertility 
Women with metabolic syndrome often 

experience hormonal imbalances, which can 

lead to conditions like polycystic ovary 

syndrome (PCOS). PCOS is commonly 

associated with anovulation and menstrual 

irregularities (20). While some studies indicate 

that weight loss may improve fertility 

outcomes, the evidence is inconsistent, 

particularly for women with unexplained 

infertility (20). 

 

Assisted reproductive techniques 
Research suggests that metabolic syndrome 

does not significantly impact the success rates 

of assisted reproductive technologies, with 

pregnancy and abortion rates being similar 

between women with and without metabolic 

syndrome (20,21). However, underlying 

metabolic issues may still elevate the risk of 

pregnancy complications, such as gestational 

diabetes (21). 

 

Long-term implications 
The negative effects of metabolic syndrome 

on reproductive health may extend to future 

generations, increasing the risk of obesity and 

metabolic disorders in offspring (21,22). 

While metabolic syndrome poses significant 

challenges to women’s reproductive health, 

the relationship is complex, and further 

research is necessary to fully understand these 
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impacts and develop effective interventions 

(20-22). Resistance training plays a crucial 

role in enhancing insulin sensitivity in 

individuals with obesity, offering a practical 

intervention to combat insulin resistance, a 

precursor to type 2 diabetes mellitus (23). 

Research shows that both short-term and long-

term resistance training can lead to significant 

improvements in insulin action (12,23,24). 

 

Overall benefits of resistance training 
Resistance training has been associated with 

reductions in cardiovascular risk factors and 

inflammation, further supporting its role in 

managing metabolic syndrome (24). 

Improvements in adipokines and lipid profiles 

have also been observed, contributing to 

enhanced insulin sensitivity (24,25). While 

resistance training offers substantial benefits, 

combining it with aerobic exercises may result 

in even greater improvements in metabolic 

health, as shown by studies comparing 

different exercise modalities (13,25,26).  

The relationship between hormonal changes 

in women and metabolic syndrome is 

complex, with significant effects on insulin 

resistance (25). Hormonal fluctuations, 

particularly those involving estrogen, play a 

crucial role in metabolic health and are closely 

linked to the development of insulin resistance 

(27). 

 

Insulin resistance mechanisms 
Insulin resistance is a core component of 

metabolic syndrome, significantly influenced 

by hormonal changes and obesity (27,28). It 

occurs when tissues do not respond effectively 

to insulin, a condition often exacerbated by 

hormonal imbalances (28,29). Studies indicate 

significant correlations between hormonal 

markers such as leptin and adiponectin in 

cases of metabolic syndrome, implying that 

hormonal dysregulation may play a role in the 

development of insulin resistance. While 

hormonal changes in women can increase the 

risk of developing metabolic syndrome and 

insulin resistance, it's important to recognize 

the multifactorial nature of these conditions, 

which also involve genetic and environmental 

factors (30). 

Table 1 provides a simplified and structured 

overview of the key stages and outcomes of 

resistance training as it relates to improving 

metabolic health, particularly in women with 

metabolic syndrome. By breaking down the 

complex processes into distinct stages, the 

table offers readers an, easy-to-understand, 

summary of how resistance training initiates 

various cellular and molecular pathways, 

ultimately leading to significant health 

benefits. Each stage from the initial activation 

of muscle cells to the systemic improvements 

in insulin sensitivity and glucose metabolism 

is clearly outlined, allowing readers to quickly 

grasp the key takeaways and the overall 

impact of resistance training on metabolic 

health. 

Resistance training has gained recognition as 

an effective method for improving metabolic 

health, especially for women with metabolic 

syndrome (30-32). 

The benefits of resistance training are 

multifaceted, engaging various cellular and 

molecular pathways that enhance glucose 

metabolism and insulin sensitivity (Table 1) 

(32,33). 

 

Key pathways in resistance training 
One critical pathway activated by resistance 

training is the AMP-activated protein kinase 

(AMPK) pathway (6,11,19). This pathway 

plays a vital role in enhancing glucose uptake 

by promoting the expression of GLUT-4 

transporters on cell membranes (11,15,32). 

This mechanism is particularly important for 

individuals with metabolic syndrome, where 

insulin resistance is a significant concern. By 

facilitating glucose entry into muscle cells, 

resistance training helps lower blood glucose 

levels and improves overall insulin sensitivity 

(6). 

Another important pathway is the 

mammalian target of rapamycin (mTOR) 

pathway, which is activated in response to 

nutrient availability and growth factors. 
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This pathway is crucial for muscle protein 

synthesis, leading to muscle hypertrophy 

(15,32). Increased muscle mass is strongly 

associated with better metabolic health, as 

muscle tissue is a primary site for glucose 

uptake and utilization (Table 1) (15). 

 
Hormonal changes and metabolic 

syndrome 
Hormonal changes triggered by resistance 

training also play a crucial role in managing 

metabolic syndrome (35). Resistance training 

is known to cause acute increases in hormones 

such as testosterone, human growth hormone 

(HGH), and insulin-like growth factor (IGF) 

(35). These hormones are vital for muscle 

repair, growth, and adaptation, which in turn 

contribute to improved metabolic function. 

The capacity of resistance training to stimulate 

these hormonal responses makes it an effective 

strategy for enhancing body composition and 

metabolic health in women with metabolic 

syndrome (32,35). 

 

Research gaps and future directions 
Despite these clear benefits, there are still 

research gaps that need to be addressed. Most 

studies have concentrated on postmenopausal 

women, underscoring the need for more 

research on younger women and those with 

varying degrees of metabolic syndrome 

severity (6). Additionally, while resistance 

training has been shown to be effective, the 

potential benefits of combining it with other 

forms of exercise, such as HIIT, have not been 

fully explored (6). These combinations could 

provide even greater benefits by targeting 

different aspects of metabolic health 

(6,11,13,15). 

Long-term studies are also needed to 

understand the sustained effects of resistance 

training on metabolic syndrome. While short-

term improvements in muscle mass, insulin 

sensitivity, and lipid profiles are encouraging, 

it is essential to determine whether these 

benefits are maintained over time and how 

they contribute to long-term health outcomes 

(12,13). 

 

Conclusion  
In summary, resistance training is a highly 

effective intervention for managing metabolic 

syndrome in women, providing significant 

benefits in improving body composition, 

enhancing insulin sensitivity, and regulating 

lipid profiles (15-17,35). The activation of key 

pathways such as AMPK and mTOR, along 

with beneficial hormonal changes, underscores 

the effectiveness of resistance training in 

mitigating the adverse effects of metabolic 

syndrome (15,19,35). Given its proven 

benefits, resistance training should be a 

fundamental component of treatment strategies 

aimed at managing metabolic syndrome in 

women, particularly those at higher risk due to 

factors such as age (7). 

Future research should aim to broaden the 

demographic scope of studies to include 

younger women and those with less severe 

forms of metabolic syndrome. Additionally, 

Table 1. Effect of resistance training on metabolic syndrome 

Stance Stage Description Result 

1. Resistance training 

initiation 

Engaging in resistance exercises such as weight lifting or 

bodyweight exercises. 

Muscle fibers are stimulated, leading to muscle cell 

activation. 

2. Muscle cell activation 
Muscle cells respond to the mechanical stress of 

resistance training. 

Cellular signaling pathways are triggered, including 

AMPK and mTOR pathways. 

3. AMPK pathway 

activation 

Activated by the increased demand for energy during 

resistance training. 

Enhances glucose uptake by increasing GLUT-4 

expression on cell membranes. 

4. Increased glucose 

uptake (GLUT-4) 

GLUT-4 transporters move to the cell surface, allowing 

more glucose to enter muscle cells. 

Blood glucose levels are reduced, improving insulin 

sensitivity. 

5. mTOR pathway 

activation 

Activated by resistance training, particularly by the 

availability of nutrients and growth factors. 

Stimulates muscle protein synthesis, leading to muscle 

hypertrophy. 

6. Enhanced muscle 

protein synthesis 

Increased production of muscle proteins due to mTOR 

pathway activation. 

Muscle mass increases, which further improves glucose 

metabolism and insulin sensitivity. 

7. Systemic effects 
Cumulative effects of enhanced glucose uptake and 

muscle protein synthesis. 

Improved metabolic health, reduced insulin resistance, 

and lower blood glucose levels. 
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exploring the combined effects of resistance 

training with other exercise modalities could 

lead to more comprehensive and effective 

management strategies. By addressing these 

research gaps, the scientific and medical 

communities can better refine resistance 

training protocols to maximize their benefits 

for women with metabolic syndrome 

(11,13,30). 
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