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Abstract: 

Metabolic syndrome (MetS) is a pathological condition characterized by cardiovascular risk factors, 

including hypertension, obesity, dyslipidemia, and abnormal glucose metabolism, increasing the risk of 

developing diabetes and cardiovascular disease (CVD). Despite extensive research and the association of 

lifestyle variables with the development and progression of MetS, its etiology remains unclear, and research 

into preventive interventions remains critical. Individuals with MetS can significantly benefit from lifestyle 

interventions such as regular exercise, healthy eating habits, and other behavioral changes, which can help 

improve the associated pathophysiological changes. In addition, promoting a healthy lifestyle in the general 

population can significantly reduce the incidence and prevalence of MetS and associated diseases. 

Therefore, the main objective of this paper is to provide a comprehensive review of MetS, including its 

diagnostic criteria, lifestyle, and lifestyle score correlates. This study highlights the importance of lifestyle 

interventions in preventing and treating MetS as an effective and accessible way to reduce complications 

and improve the quality of life of patients with MetS. 
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Introduction

The "metabolic syndrome" is a cluster of 

metabolic disorders whose diagnosis is based on 

the presence of several components. These 

include elevated triglycerides (TG), low high-

density lipoprotein cholesterol (HDL-C), high 

blood pressure (BP), high blood glucose, and 

central obesity (increased waist circumference). It 

is a precursor to many diseases, including type 2 

diabetes mellitus (T2DM), CVD, and 

nonalcoholic fatty liver disease (NAFLD) [1,2]. 

When many risk factors are present, their 

combined effects are synergistic rather than 

additive, dramatically increasing the patient's 

chance of contracting additional diseases 

compared to someone with only one risk factor 

[3]. 

MetS has become a severe public health problem 

with wide-ranging effects on people's quality of 

life and financial stability [4]. The global 

prevalence of MetS remains unknown, but 

estimates indicate a wide variation in its 

occurrence among individuals and across different 

regions, ranging from 10% to 84% [5,6]. This is 

because various organizations employ various 

diagnostic standards. Despite these drawbacks, 

research indicates that about 25% of the world's 

population may be affected by MetS [7]. 

This review aims to provide a comprehensive 

understanding of the impact of lifestyle on MetS 
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and effective prevention and management 

strategies by synthesizing the evidence from 

epidemiologic studies (including cross-sectional 

studies, cohort studies, clinical studies, and case-

control studies, among others). The relationship 

between lifestyle factors and the MetS will be 

examined by addressing pivotal queries: What is 

the relationship between physical activity (PA) 

and the MetS? What is the relationship between 

dietary patterns and MetS in contemporary society 

due to changing lifestyles? Furthermore, we will 

investigate how other lifestyle factors such as 

smoking, drinking, and sleeping affect MetS [8-

10]. By amalgamating these factors' impacts on 

MetS, a deeper grasp of the ailment is attainable. 

This scholarly assessment elucidates the intricate 

interplay between lifestyle elements and MetS, 

aiming to inspire both individuals and 

communities to adopt beneficial lifestyle 

adjustments. Through health education and 

heightened public awareness, our goal is to foster 

enduring health enhancements and mitigate the 

risk of MetS. 

The following keywords were used throughout the 

literature search: "metabolic syndrome", 

"lifestyle-related to metabolic syndrome", 

"smoking", "coffee", "physical activity", "tea 

consumption" and "alcohol consumption". There 

are no time or language restrictions when using 

Medline as a search source (via PubMed). After 

screening the titles and abstracts, relevant full-text 

content was searched, examined, and downloaded 

into endnotes (clearly numbered). The total 

number of articles identified was 487 and the total 

number of articles selected for inclusion in the 

review was 120. All authors were consulted for 

clarification of any issues. 

2. Metabolic Syndrome  

There are no generally accepted diagnostic criteria 

for MetS. The lack of uniformity hogs the 

implementation of tailored therapies and the early 

clinical identification of individuals at risk for 

MetS. International organizations such as the 

World Health Organization (WHO), the 

International Diabetes Federation (IDF), the 

National Cholesterol Education Program, Adult 

Treatment Panel III (NCEP-ATPIII), American 

Heart Association/National Heart, Lung, and 

Blood Institute (AHA/NHLBI), and Harmonized  

2009 Criteria propose diagnostic criteria for MetS 

identification [2,11-16]. Most diagnostic criteria 

for MetS generally focus on four key areas: 

obesity, hyperlipidemia, hyperglycemia, and 

hypertension. Despite a consensus on these 

components, variations exist in entry points and 

mandatory criteria for diagnosis. Additionally, 

cut-off values for FPG, TG, HDL-C, and BP 

differ among different diagnostic guidelines. 

Different organizations have varying criteria for 

diagnosis, with WHO, the European group for the 

study of insulin resistance (EGIR), IDF, NCEP-

ATPIII, AHA/NHLBI, and Harmonized 2009 

Criteria highlighting different risk factors and 

testing procedures. WHO and EGIR [17] require 

measuring insulin levels, while WHO also 

includes urinary microalbumin and IDF focuses 

on waist circumference (WC). Regional or ethnic-

specific waist circumference cutoffs are suggested 

by NCEP-ATPIII, IDF, AHA/NHLBI, and 

Harmonized 2009 Criteria to enhance accuracy. 

Despite variations in risk factors and diagnostic 

thresholds across measures, there is a shared 

understanding that multiple risk factors are 

necessary to diagnose MetS.  

However, the direct application of these criteria to 

children and adolescents may be impossible due 

to the complicated link between MetS, obesity in 

children and adolescents, and metabolic diseases 

in adolescents [18,19]. As a result, NCEP-ATP III 

and IDF provide more suitable criteria than the 

universally applicable ones. Measure specific to 

children and adolescents use age- and sex-specific 

percentile values for WC and BP, considering 

individual growth and development differences 

for accurate assessments in these groups [15]. 

Some research indicates that a thorough clinical 

assessment, including height, weight, WC, and hip 

circumference, is crucial for diagnosing MetS in 

children and adolescents accurately. Additionally, 

body mass index (BMI) z-scores, abdominal 

circumference z-scores, A-BMI, and body 

circumference index are potential diagnostic tools 

[20]. In summary, when assessing MetS in 

children and adolescents, it is recommended that 

multiple measures be used in conjunction with age 

and sex-specific percentile values. 
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Table 1 Diagnostic criteria for metabolic syndrome 
Compon

ents 

Criteria WHO 

(1999) 

EGIR 

(1999) 

AHA/

NHL

BI 

(2005) 

Harmoni

zed 

(2009) 

NCEP -ATPⅢ(2005) IDF(2005) 

universal 

applicati

on 

Adjusted 

for children 

and 

adolescents 

univer

sal 

applic

ation 

Adjusted 

for ages 

10-16
**

 

Obesity BMI 

(kg/m
2
) 

> 30 - - - -  -  

 WC 

(cm) 

- ≥ 

94(M) 

≥ 

80(W) 

ethnic

ity-

specifi

c 

Populati

on and 

country-

specific 

definitio

ns 

ethnicity

-specific 

≥ Age and 

sex-specific 

90th 

percentile 

ethnici

ty-

specifi

c 

≥ 90th 

percentile 

or adult 

cut-off if 

lower 

 WHR > 0.90(M) 

> 0.85(W) 

 - - -  -  

Dyslipid

emia 

TG 

(mg/dL) 

> 150 ≥ 190 ≥ 150
*
 ≥ 150

*
 ≥ 150

*
 ≥ 110 > 150

*
 > 150 

 HDL-C 

(mg/dL) 

< 35(M) 

< 39(W) 

< 40 < 

40(M)
*
 

< 

50(W)
*
 

< 40(M)
*
 

< 

50(W)
*
 

< 40(M)
*
 

< 

50(W)
*
 

≤ 40 < 

40(M)
*
 

< 

50(W)
*
 

< 40 

Hypergl

ycemia 

FPG 

(mg/dL) 

≥ 100
#
 ≥ 110 ≥ 100 

/T2D

M 

≥ 100
#
 ≥ 100

#
 ≥ 110 ≥ 100 

/T2D

M
#&

 

≥ 100 

/T2DM
#&

 

 2-h PG 

(mmol/L) 

7.8-11.0 -  - -  -  

Hyperten

sion 

SBP 

(mm Hg) 

> 140 ≥ 140
+
 ≥ 130

+
 ≥ 130

+
 ≥130

+
 ≥ 90th 

percentile 

for age, sex, 

and height 

> 130
+
 > 130 

 DBP 

(mm Hg) 

> 90 ≥ 90
+
 ≥ 85

+
 ≥ 85

+
 ≥85

+
 ≥ 90th 

percentile 

for age, sex, 

and height 

> 85
+
 > 85 

          

Microalb

uminuria 

Urine 

albumin 

excretion 

rate 

(μg/min)  

≥ 20 - - - -  -  

 Albumin 

creatinine 

ratio 

(mg/g)  

≥ 30 - - - -  -  
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Selection Criteria IGT/Diabet

es/IR plus 

two or more 

components 

IR/hyp

erinsuli

nemia 

(only 

non-

diabeti

c 

subject

s) plus 

two or 

more 

compo

nents 

At 

least 

three 

comp

onents 

At least 

three 

compone

nts 

At least 

three 

compone

nts 

At least 

three 

components 

WC 

and at 

least 

two 

compo

nents 

Central 

obesity 

(WC) 

plus any 

two 

componen

ts 

 

* or treatment of such lipid abnormalities; # or 

receiving conditioning therapy; +or treatment of 

previously diagnosed hypertension; & Oral 

glucose tolerance test is highly recommended; ** 

Under the age of 10, MetS as an entity will not be 

diagnosed, although a strong message to lose 

weight will be sent to these children. At age 10 

and older, MetS can be diagnosed. It requires the 

presence of abdominal obesity as well as the 

presence of two or more other components. The 

IDF criteria for adults can be used for adolescents 

≥16 years of age. DBP: Diastolic Blood Pressure; 

IGT: Impaired Glucose Tolerance; SBP: Systolic 

Blood Pressure; 2-h PG: Two-hour postload 

plasma glucose. 

No universally accepted "best" diagnostic criteria 

exist for MetS, although the Harmonized 2009 

Criteria offered one option for adults. These 

criteria emphasize key components like obesity, 

hyperlipidemia, hyperglycemia, and hypertension. 

Adjusting waist circumference limits based on 

regional or ethnic variations is suggested. The 

Harmonized 2009 Criteria provide a 

comprehensive assessment of MetS elements with 

some flexibility for regional or ethnic 

considerations. Criteria for children and 

adolescents are age and gender-specific. It is 

crucial to remember that more investigation and 

agreement among international organizations are 

needed to create a widely used diagnostic criterion 

for MetS. 

3. Health-Related Lifestyle and MetS  

MetS is commonly associated with a sedentary 

lifestyle, poor diet, and other unhealthy lifestyle 

factors. Several studies have shown a direct 

relationship between MetS and lifestyle, 

especially regarding PA and diet. People with a 

sedentary lifestyle and an unhealthy diet are at a 

higher risk of developing MetS [21-23]. In 

contrast, people who maintain an active lifestyle 

and a balanced diet are less likely to develop the 

disorder. In addition, other lifestyle factors, such 

as smoking, alcohol consumption, and poor sleep, 

are also associated with an increased risk of MetS. 

These lifestyle factors can lead to inflammation, 

IR, and other metabolic imbalances that contribute 

to the development of the disorder [24]. The 

relationship between MetS and lifestyle is 

complex. Still, strong evidence suggests that 

positive lifestyle adjustments like increasing 

physical activity, enhancing diet, and cutting 

harmful habits can lower the risk of developing 

MetS and its health issues. 

3.1 Sleep Duration 

Maintaining metabolic stability is vital for well-

being, and adequate sleep is key to attaining it. 

Modern lifestyles and swift economic growth 

have led to widespread sleep deprivation [25]. The 

National Sleep Foundation suggests adults should 

aim for 7 to 9 hours of sleep nightly. Recent 

research shows that insufficient or excessive sleep 

is linked to adverse health outcomes such as 

obesity, MetS and its components, as well as 

cardiovascular disease [26].  

Most studies suggest that individuals who get 7 to 

8.5 hours of sleep per night have the lowest risk of 

developing MetS [27]. A "U-shaped" association 

between sleep duration and MetS was reported in 

cross-sectional and cohort studies, where 

insufficient and excessive sleep duration 

significantly increases the risk of developing 

MetS.[26] Moreover, surveys examining 

individual components of MetS also noted a "U-

shaped" connection between sleep duration and 

TG levels [28]. 
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The "U-shaped" association outlined above by 

two meta-analyses published in 2014 and 2015, 

respectively, which conclude that only a short 

sleep duration (5 h/d or 6 h/d) is substantially 

associated with an increased risk of MetS [29,30]. 

Short sleep duration is independent of other 

lifestyle factors and positively correlates with the 

number of MetS components. Conversely, 

research has also established a "J-shaped" 

relationship between sleep duration and MetS 

[31,32]. Long sleep duration, specifically over 8 

or 9 hours per day, is significantly linked to a 

higher risk of Metabolic Syndrome (MetS), which 

is associated with increased chances of 

hyperglycemia, hyperlipidemia, and low HDL-C 

levels. 

Gender-specific differences in the link between 

MetS and its components and the impact of short 

and long sleep were also observed. Specifically, 

female individuals had a higher likelihood of 

developing MetS when experiencing short sleep 

duration (≤ 5 hours/day) or long sleep duration (≥ 

9 hours/day). For males, short sleep duration (≤ 5 

hours/day) had a higher association with MetS 

incidence and a higher severity score [33]. On the 

other hand, prolonged sleep (≥ 7.5 hours/day) 

affects both genders similarly, with females at 

higher MetS risk due to extended sleep, and males 

at risk due to inadequate sleep [27,31], Weight 

regulation is adversely affected by inadequate 

sleep for all. Males experience elevated blood 

glucose with excessive sleep, while excessive 

sleep in females is associated with most MetS 

components except hypertension [32,34]. 

There are also differences in the association 

between sleep duration and MetS in different age 

groups. For instance, in children (≤ 9 h/d) and 

adolescents (≤ 8 h/d), short sleep duration has 

been significantly linked with higher BMI, WC, 

and TG levels [35,36]. In emerging adults (18-24 

years), both long sleep (> 9 h/d) and short sleep (≤ 

7 h/d) have been associated with an increased risk 

of MetS [37]. Middle-aged adults (45-64 years) 

with either short sleep (< 5 h/d) or long sleep (≥ 9 

h/d) have also been observed to have a higher 

prevalence of MetS, as indicated by data from the 

EpiHealth cohort study [38]. Similarly, a cohort 

study revealed that both short sleep (< 7 h/d) and 

long sleep (≥ 8 h/d) are associated with an 

increased risk of MetS among older adults (≥ 60 

years) [39]. However, it is essential to note that, 

among older adults (≥ 65 years), only long sleep 

(≥ 9 h/d) has been associated with a higher 

prevalence of MetS [38]. By contrast, other 

research has shown that long sleep (> 8 h/d) is 

associated with lower odds of MetS when 

compared to standard sleep duration (7-8 h/d) 

[40]. [Table 2 near here] In conclusion, there is 

some correlation between MetS and sleep 

duration. However, the relationship varies 

according to the age and gender of the group. This 

mismatch highlights the need for more research 

and sophisticated analytical approaches to address 

current challenges. There is disagreement over the 

significance of the link between short and long 

sleep and MetS. The recent study suggests that 

demographic confounding and, to a lesser extent, 

differences in study design and analysis may be 

possible explanations. In addition, the effect of 

long sleep duration on MetS may be related to 

confounding factors and comorbidities that need 

to be considered along with occupation, diet, and 

PA.

 

Table 2. Relationship between sleep duration and metabolic syndrome across gender and age groups 

Group Sleep duration Risk of 

MetS 

Risk of MetS 

components 

Gender Male Short sleep duration (≤ 5 

h/d) 

Rising risks Increased waist size 

and weight gain 

Long sleep duration (≥ 9 

h/d) 

--
*
 Increased blood 

sugar levels 

Female Short sleep duration (≤ 5 

h/d) 

Rising risks Increased waist size 

Long sleep duration (≥ 9 

h/d) 

Rising risks All components 

(except increased 

BP) 

Age Children and 

adolescents (6-18) 

Short sleep duration 

(Children≤ 8 h/d, 

--
*
 Increased BMI, WC, 

and TG 
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adolescents ≤ 9 h/d) 

Emerging Adults 

(18-24) 

Short sleep duration (≤ 7 

h/d) 

Rising risks --
*
 

Long sleep duration (> 9 

h/d) 

Rising risks --
*
 

Middle-aged (45-64) 

and elderly (≥ 60) 

Short sleep duration (≤ 5 

h/d) 

Rising risks --
*
 

Long sleep duration (≥ 9 

h/d) 

Rising risks --
*
 

Elderly (≥ 65) Short sleep duration (≤ 5 

h/d) 

--
*
 --

*
 

Long sleep duration (≥ 9 

h/d) 

Rising risks --
*
 

*Not mentioned in the literature. 

 

3.2 Smoking 

The prevalence of diseases linked to tobacco use 

is increasing on a global scale. Research has 

shown that smoking reduces insulin sensitivity 

and alters lipid metabolism, leading to increased 

triglycerides and TC while lowering HDL-C 

levels. These changes increase the likelihood of 

MetS development through several pathways [41]. 

In adults, the prevalence of MetS among current 

smokers was 42.1%, indicating a higher risk for 

MetS than nonsmokers [42]. Another study in 

Korea found a significant association between 

smoking and MetS in young people (< 40 years) 

living in urban areas and good health [41]. 

Smokers were at a 2.38-fold higher risk for MetS 

than nonsmokers, and an increased risk of both 

hypertriglyceridemia and low HDL-C was 

observed. It suggests that smoking-induced 

changes in blood lipid levels are pivotal in the 

relationship between smoking and MetS. A Dutch 

study found a higher prevalence of MetS among 

smokers, indicating a dose-dependent relationship 

[43]. The increased risk of MetS was not related 

to BMI or gender. However, an Iranian study 

reported no significant association between 

smoking and MetS in male smokers and a lower 

prevalence of hypertension, hyperglycemia, and 

central obesity in female smokers than in 

nonsmokers [44]. The different results among the 

studies above may result from regional and ethnic 

variances that also lead to dissimilar lifestyles. 

Additionally, the various study designs, widely 

varying sample sizes, and different ages could 

have contributed. 

Individuals who quit smoking had significantly 

higher rates of overweight, abnormal BP, 

impaired FPG, and abdominal fat than 

nonsmokers and current smokers [45]. The higher 

risk of MetS, elevated TG levels, and low HDL-C 

levels disappeared in ex-smokers [45,46]. 

Furthermore, the prevalence of MetS varied 

significantly among smoking status groups, with 

22.0% among nonsmokers, 34.4% among ex-

smokers, and 29.4% among current smokers [45]. 

In contrast, the OPERA study demonstrated a 

significant increase in BMI and WC among 

individuals who quit smoking but no significant 

increase in the prevalence of obesity-related 

diseases such as MetS, hypertension, and diabetes 

[47]. Similarly, other studies have indicated no 

statistical increase in MetS, high TG, and low 

HDL-C levels after smoking cessation 1-4 years 

ago [46]. However, there has been a tendency to 

reduce the risk of MetS, which is time-dependent. 

Both active and secondhand smoking carry similar 

risk factors. Nevertheless, the early process of 

smoking cessation may increase the rate of MetS 

by promoting weight gain and abdominal obesity 

from overeating [48]. Nonetheless, after quitting 

smoking for 20 years, the risk of MetS was no 

longer significant in ex-smokers, underscoring the 

importance of stopping at a younger age to reduce 

the risk of MetS [49]. 

Although there is evidence that smoking has a 

synergistic effect on the development of MetS, it 

is critical to consider other factors such as gender, 

age, time to quit smoking, duration of smoking, 

number of cigarettes, and lifestyle confounders to 

gain a more detailed and accurate understanding 

of the relationship between tobacco and MetS. 
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3.3 Alcohol  

Alcohol is commonly consumed, but its 

relationship with MetS is complex. Moderate 

intake may lower cardiovascular disease risk and 

aid glycemic control, potentially reducing MetS 

risk. However, excessive drinking can cause 

metabolic abnormalities like obesity, and 

hypertension,  increasing MetS risk despite its 

potential benefits [50]. 

Population-based research findings indicate that 

the prevalence of MetS is significantly higher 

among frequent drinkers (more than 12 

drinks/month) than nondrinkers. Regular drinking 

was positively associated with some components 

of MetS, except WC [51]. Another study noted 

that some MetS components, such as abdominal 

obesity, hypertension, and FPG, worsened with 

increasing frequency of alcohol consumption, 

while the risk of low HDL-C decreased [52]. 

Nevertheless, evidence that moderate alcohol 

consumption can reduce MetS risk by increasing 

HDL-C is also available (< 25 g/d for men, < 15 

g/ d for women) [42]. 

It has also been noted that there are different 

correlations between alcohol consumption and 

MetS by gender, mainly in women who drink 

alcohol to reduce their risk of developing MetS. 

At the same time, men do not show a similar 

relationship [53]. Paradoxically, current drinkers 

had higher SBP and, DBP, HDL-C levels in men 

than nondrinkers. In women, these differences 

were small or insignificant [54]. There was gender 

variability in the association between alcohol 

intake and frequency and MetS, with a cohort 

study showing that moderate alcohol consumption 

(15-40 g/day in men and 10-20 g/day in women) 

was associated with a lower risk of MetS, 

abdominal obesity, and low HDL-C in men and 

low HDL-C in women [55]. Heavy drinking (> 40 

g/day) in men reduces the risk of hyperglycemia 

high BP, and low HDL-C. while in women, heavy 

drinking (> 20 g/day) was associated with a higher 

risk of abdominal obesity. A Korean study 

revealed heavy drinkers (> 30 g alcohol/day) 

faced higher MetS risk than non-binge drinkers, 

with no gender differences, and all components of 

MetS were significantly associated with heavy 

drinking. Some research suggests a linear 

correlation between alcohol intake and reduced 

hypertension and dyslipidemia in men, but in 

women, alcohol alone may lead to hypertension 

[54]. 

While most research indicates that alcohol intake 

is linked to a higher likelihood of MetS, some 

studies suggest that moderate alcohol 

consumption could lower the risk. Red wine, in 

particular, has been identified as a potential 

therapeutic option for MetS. Therefore, when 

examining the link between alcohol and MetS, 

factors like dietary choices must be taken into 

account. Further research should explore various 

aspects of alcohol consumption, including type, 

amount, and duration, to better understand this 

relationship. Currently, the prevention of MetS by 

low alcohol consumption is not recommended, 

and each component of MetS should be managed 

individually to ensure cardiorespiratory and 

metabolic health. Establishing a healthy drinking 

culture that avoids binge drinking should be 

prioritized in a public health context. 

3.4 Tea  

Tea is a popular beverage that is healthy and has 

positive effects on metabolic syndrome. Tea 

constituents, which include antioxidants, may 

improve insulin sensitivity, control blood sugar, 

and help with weight management, ultimately 

reducing the risk of metabolic syndrome. Tea has 

the power to successfully boost overall health 

when included in a healthy lifestyle [56].  

Studies have consistently shown that consuming 

3-4 cups or more of tea (Green tea, black tea, pu-

erh tea, Tsampa, butter tea, and Qing cha) per day 

can alleviate MetS [57,58]. Various short-term 

randomized controlled trials have shown that tea 

consumption positively affects different 

components of MetS. Furthermore, meta-analyses 

have shown that tea consumption (Green tea) is a 

highly effective approach to weight loss and MetS 

relief [59]. In obese patients with MetS, 

supplementation with tea extract (green tea 

extract, black tea extract, or oolong tea extract) 

has been found to improve lipid and glucose 

metabolism, promoting weight loss [60]. Green 

tea consumption has been shown to significantly 

reduce body weight, BMI, WC, Total cholesterol 

(TC), and low-density lipoprotein cholesterol 

(LDL-C) [61]. The CNHS showed that habitual 

tea (regardless of the type of tea they consumed) 

drinkers (those who consumed one or more cups 

of tea per day at 200 ml per cup) who drank more 

https://www.sciencedirect.com/topics/nursing-and-health-professions/sinecatechins
https://www.sciencedirect.com/topics/nursing-and-health-professions/sinecatechins
https://www.sciencedirect.com/topics/nursing-and-health-professions/black-tea-extract
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than 5 cups per day had a lower risk of MetS, 

elevated BP, elevated TG, and increased FPG, but 

a higher risk of central obesity compared to non-

habitual tea drinkers [62]. Higher tea consumption 

among women was also associated with a lower 

risk of low HDL-C. In conclusion, the studies 

indicate that tea/tea extract may reduce weight, 

BMI, WC, blood glucose, TC, TG, and LDL-C 

levels in MetS patients, ameliorating MetS. 

However, whether tea consumption affects other 

MetS components, such as HDL-C and BP, 

remains unclear. It is worth noting that, in contrast 

to the above studies, a Japanese cohort study 

found no association between green tea 

consumption and the prevalence of MetS. 

Additionally, one study showed that all MetS 

components were not negatively associated with 

green tea consumption[63]. Furthermore, tea 

consumption was not associated with MetS, high 

FPG, high TG, central obesity, or hypertension in 

older Australian adults [64].  

In addition to the traditional ways of drinking tea 

discussed above, some studies suggest that 

excessive consumption of sugary beverages such 

as sweet milk tea and fruit tea is associated with 

MetS and T2DM [65]. Consuming too much 

sweet tea can be a source of high sugar intake and 

elevated blood sugar levels. It can cause weight 

gain and worsen MetS problems if too much 

sweet tea is consumed over a long period. 

Furthermore, sugary drinks will be converted into 

TG, leading to increased blood triglyceride levels, 

further exacerbating the problem of high 

triglyceride levels associated with MetS [66]. For 

this reason, people with MetS and T2DM should 

limit or avoid excessive consumption of sugary 

drinks intake to manage blood sugar and weight. 

Opting for low or no-sugar tea beverages can be a 

beneficial substitute. 

Research on tea consumption and MetS remains 

inconclusive despite years of study. The ideal 

amount of tea intake for combating MetS is still 

uncertain. Drinking traditional tea is thought to 

offer greater advantages compared to sweetened 

tea. It's also unclear if age and gender influence 

MetS risk in habitual tea drinkers. Future cohort 

studies should focus on accurately measuring tea 

consumption, types, and potential food 

interactions. Only then can we definitively 

determine the role of tea in preventing or 

alleviating MetS. 

3.5 Coffee 

Coffee is a trendy beverage in modern society, 

consisting of active ingredients such as caffeine, 

chlorogenic acid, fenugreek alkaloids, 

diterpenoids, and coffee roasting products. MetS, 

including improved insulin sensitivity, glycemic 

control, and promotion of weight management 

[67]. 

The evidence suggests that adults who consume 

more than one standard cup (236.59 mL/cup) of 

coffee daily have a lower incidence of MetS [68]. 

In Korea, multiple studies have found an inverse 

relationship between moderate coffee 

consumption (3-4 times/d) and the prevalence of 

MetS in Korean adults [69]. In non-obese 

individuals, there was a marked linear trend 

towards lower odds of MetS with increased coffee 

consumption (≥ 5 times/d). In contrast, coffee 

consumption at this level demonstrated a non-

significant positive association with MetS risk in 

obese individuals [70]. In a similar vein, the 

Japanese Multi-Institutional Collaborative Cohort 

study found a negative association between coffee 

consumption (1.5 to < 3 cups/day or ≥ 3 cups/day) 

and MetS [71]. Despite these encouraging 

findings, few studies have reported 

inconsistencies in the relationship between coffee 

consumption and MetS prevalence. Expressly, 

some studies have noted a weak positive 

association between moderate (3 to < 5 cups/day) 

and high (≥ 5 cups/day) coffee consumption and 

increased odds of developing MetS [72]. Some 

differences were also observed between coffee 

consumption and MetS components. High coffee 

consumption was associated with increased BMI, 

WC, SBP, DBP, TG, and TC, but there are still 

conflicting relationships between HDL-C and 

FPG levels [73,74]. 

In addition, the effect of coffee on MetS is a 

function of the type of coffee consumption. 

Instant coffee consumption dramatically increases 

plasma homocysteine and negatively affects 

abdominal obesity and low HDL-C, resulting in 

an increased risk of MetS [75]. However, some 

studies have negatively associated instant coffee 

with MetS and its components [76]. The intake of 

sugar and creamer powder may be the reason for 

the conflicting effects. Additionally, regular green 

or roasted coffee blends were associated with 

positive effects on BP, blood glucose, and TG, 

negatively associated with MetS [77]. Moreover, 
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it has been suggested that women may benefit 

from consuming all three types of coffee (black 

coffee, coffee with cream, and coffee with milk), 

while men may only benefit from sipping black 

coffee [68,78]. 

Contrary to the above, MetS may not be 

associated with coffee consumption. For example, 

the Amsterdam Longitudinal Study of Growth and 

Health found no significant difference in coffee 

consumption between subjects with or without 

MetS or its components over 9 years [79]. A 

recent meta-analysis further supported this 

finding. A separate longitudinal study also failed 

to identify any association between coffee 

consumption and MetS components in men [80]. 

Similarly, a Korean study found no significant 

association between coffee consumption and 

MetS in men [78]. 

The link between coffee type and MetS, as well as 

the dose-response relationship between coffee 

intake and MetS risk, remains uncertain. The lack 

of significant association and the varied findings 

may stem from unaddressed factors like coffee 

dosage adjusted for energy and polyphenol intake, 

type, preparation method, density, additives, and 

composition. Consequently, it's difficult to 

ascertain coffee's potential effects on MetS. More 

comprehensive population-based cohort studies 

are necessary to validate these findings and 

explore the coffee-MetS relationship further. 

3.6 Diet 

The global prevalence of obesity has increased in 

recent years, primarily due to changes in dietary 

habits. These changes resulted in a concomitant 

expansion of diet-associated chronic 

inflammation, ultimately leading to an increased 

risk of MetS [81]. 

Diets high in sugar, fat, and calories, ultra-

processed foods (UPF), and low in dietary fiber 

are associated with an increased prevalence of 

MetS [82,83]. Specific dietary interventions are 

effective in managing MetS, including low-fat 

(LF) and low-carbohydrate (LC) diets [84]. The 

LF diet has also been found to be effective in 

weight management for patients with MetS, while 

the LC diet has beneficial effects on metabolic 

components [85]. A greater risk of MetS is linked 

to a higher long-term intake of UPF, which is 

often high in caloric density, salt, added sugars, 

and trans fats [83]. On the other hand, high 

carbohydrate intake has been linked to an 

increased risk of MetS [86]. According to CHNS, 

a high intake of red meat (which is high in 

saturated fatty acids) is associated with an 

increase in BMI, weight, WC (in men only), and 

abdominal obesity in Chinese populations [87]. 

However, the highest intake of red meat among 

women is associated with a lower risk of BP [88]. 

Meta-analyses have shown that increased red and 

processed meat consumption increases the risk of 

developing MetS [89]. Conversely, white meat 

intake has been negatively associated with the risk 

of developing MetS, and recent studies have 

confirmed that higher information on white meat 

among participants with MetSSS(T1) is beneficial 

[90]. Furthermore, a high intake of high-fiber 

fruits and vegetables was found to be negatively 

associated with MetS [91]. In Chinese men, an 

increased intake of fruits and vegetables (100 g/d) 

was associated with weight loss and decreased 

BMI [92]. Additionally, increased fruit intake 

(100 g/d) was associated with a reduced risk of 

MetS, while increased vegetable intake (100 g/d) 

was not associated with a reduced risk of MetS 

[93]. Egg consumption, characterized by 

ovalbumin, cholesterol, and methionine, has been 

found to reduce weight and increase HDL-C 

levels [94,95]. The risk of MetS, central obesity, 

and BP were negatively associated with egg 

consumption when the daily intake of eggs was 

less than 20 g. Elevated TG was negatively 

associated with egg consumption when the daily 

intake of eggs was less than 60 g [94,95]. Dairy 

products (milk and yogurt) containing lactoferrin, 

lactose, and various minerals are inversely 

associated with the risk of MetS [96]. In addition, 

legumes are associated with a lower prevalence of 

MetS due to their high content of carbohydrates, 

proteins, and fats, with a better amino acid 

composition [97]. Finally, an increase in total nut 

consumption (especially walnuts) characterized by 

unsaturated fatty acids, protein, and fiber has been 

associated with significant improvements in 

metabolic components [91]. 

In the real world, the risk of developing a disease 

can be better predicted by examining the total 

dietary pattern for its role in disease, as 

individuals tend to get most of their nutrients from 

mixed foods [98]. The Mediterranean Diet (MD) 

is a healthy eating pattern rich in monounsaturated 

fatty acids, dietary fiber, and antioxidants while 

having a low total and saturated fat [97]. In 
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children and adolescents, MD improved BMI and 

lipid profiles [99]. In adults, those with low 

MetSSS tend to have higher adherence to MD 

[90,100]. However, studies of older populations 

have produced mixed results, with some showing 

no correlation between adherence to MD and a 

lower incidence of MetS compared to the LF diet 

[97]. Nevertheless, MD has been associated with a 

significant rate of MetS reversal, suggesting that it 

may effectively reduce central obesity and 

hyperglycemia in patients with this condition 

[100]. However, compared to Western/unhealthy 

diets (meat, refined grains, high-fat foods, 

processed and fried foods) [101], healthy diets did 

not improve metabolic flexibility and systemic 

insulin sensitivity. They were not associated with 

the risk of developing MetS, whereas adherence to 

unhealthy diets was positively associated with risk 

[86]. Population studies have shown that greater 

adherence to Western dietary patterns is 

associated with a higher risk of MetS and a lower 

likelihood of increased IR and sensitivity 

[86,102]. Higher scores on Western dietary 

patterns were associated with higher odds of 

developing MetS. Significant associations were 

found for FPG, HDL-C, and LDL-C [86,102].  

Different countries have different dietary 

characteristics, and their association with MetS 

varies, in addition to the two dominant dietary 

patterns mentioned above. Iran's traditional diet 

(dairy products, animal fat, confectionery, and 

organ meat) was positively associated with MetS 

risk and the number of MetS components. 

However, it had no significant effect on metabolic 

components (SBP, DBP, HDL-C, and WC), which 

may be attributed to higher levels of red meat, 

hydrogenated fat, and fatty dairy products 

traditionally consumed in Iran [86,103]. Similarly, 

the traditional Polish diet (potatoes, meat, 

vegetables, cheese, animal fat, and sugar) is 

associated with a high risk of abdominal obesity 

and triglyceridemia [102]. In contrast, the Nordic 

diet (whole grains, vegetables, berries, rapeseed 

oil, fish, and low-fat dairy) improves MetS and its 

components, including DBP, LDL-C, and HDL-C 

[104]. Moreover, the traditional Korean diet (rice, 

fermented vegetables, spices, mushrooms, 

shellfish, seaweed, and fish) benefits glycemic 

control and body composition. It may improve the 

risk of MetS, although the main beneficial effects 

on metabolic components depend on gender 

[105]. The traditional Chinese diet including rice, 

red meat, fish, poultry, offal, and leafy greens, is 

linked to lower MetS risk. It has a negative 

relationship with obesity and overweight in males 

[82].  

A thorough investigation reveals that the MD is 

the most well-known and practical choice for 

reducing the risk of MetS. Due to several factors, 

such as environment, ethnicity, and gender, that 

affect dietary habits and lifestyles across nations, 

it is difficult to identify an effective and simple-

to-follow dietary pattern. The risk of MetS is also 

substantially influenced by several other variables. 

Further research is needed, and dietary treatments 

that are effective, simple to implement, and 

affordable must be promoted to reduce the risk of 

MetS and maximize population benefits. To 

provide more detailed suggestions and 

recommendations, this calls for cross-cultural and 

cross-regional research as well as prospective 

cohort studies and field trials of therapies. 

3.7 Physical Activity 

PA has become an integral part of clinical 

treatment protocols for patients with MetS in 

recent years, as more attention has been paid to 

understanding the condition. Among 

physiological systems that respond positively to 

PA, improved IR is one of the most notable 

effects of regular exercise [21]. PA has been 

shown to help reduce body weight, lower BP, and 

improve dyslipidemia to the extent that MetS 

criteria are no longer met [106]. 

SB has been identified as a risk factor for MetS 

development, independent of PA levels. SB has 

been found to exhibit a negative association with 

FPG, TG, and HDL-C [107]. Furthermore, the 

highest MetSSS(T3) in patients with MetS had 

prolonged SB [90]. A recent dose-response meta-

analysis revealed a significant association 

between prolonged SB (≥ 4.11 h/d) and a higher 

risk of MetS [108]. Specifically, a 1-hour increase 

in daily SB was found to increase the risk of MetS 

by 16%. Gender differences have also been 

observed in the association between SB and MetS 

prevalence. Notably, there is an association 

between SB and MetS prevalence in men but not 

women [109]. However, other studies have 

reported that SB is significantly more strongly 

associated with MetS prevalence in women than 

men, especially in women who are sedentary for 

more than 42 hours per week [34]. Reducing daily 
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sedentary time slightly reduced fasting insulin but 

did not affect insulin sensitivity or adiposity [21]. 

In conclusion, avoiding prolonged SB appears to 

play a role in reducing the risk of MetS, and the 

only effective scientific treatment to fully combat 

sedentary dysfunction is primary prevention 

through exercise itself. 

PA can reduce weight and BP and increase 

metabolic health in metabolic syndromic patients 

[110]. Replacing certain daily SB with light and 

moderate-to-vigorous physical activity (MVPA) 

may prevent CVD in high-risk populations [111]. 

300-420 minutes per week of light physical 

activity (LPA), 90-300 minutes per week of 

moderate physical activity (MPA), and more than 

150 minutes per week of vigorous physical 

activity (VPA) were shown to reduce the risk of 

MetS [112]. MVPA and LPA were associated 

with high HDL-C, and LPA was associated with 

low TG [109]. However, there were also gender 

differences in PA intensity and MetS prevalence, 

with an association between MPA. MetS observed 

only in women, and an interaction of gender with 

MPA, SB, and sleep duration, except for low 

HDL-C in men, for whom high-intensity PA was 

significantly associated with a reduced risk of 

MetS and its components [34]. Recent studies 

have also shown that more time spent in MVPA 

(≥ 150 min/w) is associated with improved 

adiposity and MetS components [113]; MVPA 

reduces the risk of MetS in Asian populations, 

with similar results in other folks [114]. 

Moreover, it is well established that various forms 

of exercise can elicit distinct effects on the 

metabolic complex and its components. High-

intensity interval training (HIIT) and moderate-

intensity continuous training (MICT) have been 

reported to induce reductions in insulin sensitivity 

and lipid levels. In addition, combination exercise 

regimens have shown superior effectiveness in 

improving glycemia, lipemia, and sleep quality in 

MetS patients [115].  

In summary, appropriate engagement in PA plays 

a vital role in preventing and addressing MetS. 

Reducing sedentary time, diversifying PA forms, 

and combining interventions have effectively 

reduced MetS prevalence and its component 

diseases. PA interventions have positively 

impacted metabolic disorders and their broader 

societal burdens. Given the far-reaching benefits 

of PA, it is imperative to incorporate such 

interventions into MetS treatment strategies to 

curb its harmful health effects. 

3.8 Lifestyle score 

In epidemiological research, it is common to 

include lifestyle factors as covariates in statistical 

models when examining individual health 

behaviors or exposures. However, recognizing the 

synergistic effects of healthy lifestyle factors and 

the cumulative impact of these factors, some 

studies advocate aggregating lifestyle profiles into 

a score indicator. This results in various healthy 

lifestyle scores, such as the Healthy Lifestyle 

Score (HLS) and Mediterranean Lifestyle 

(MEDLIFE), which differ in factor-scored scoring 

methods and factor weighting [116-120]. 

Nonetheless, there is a consensus that higher 

lifestyle scores are associated with a lower risk of 

MetS.

  

Table 3. Healthy Lifestyle Score 

Health Lifestyle Score Points Outcome Refere

nce 

HLS: 

① Never smoking,  

② Moderate to high PA (> 20 MET-h/week), 

③ MD (≥ 4 adherence points) 

④ Moderate alcohol consumption (women, 0.1–

5.0 g/day; men, 0.1–10.0 g/day; abstainers 

excluded), 

⑤ Low television exposure (< 2 h/day), 

⑥ No binge drinking (≤ 5 alcoholic drinks at 

any time),  

⑦ Taking a short afternoon nap (< 30 min/day),  

⑧ Meeting up with friends > 1 h/day,  

0-9 

(0-

3|4|5|6|7-9) 

 

⑤/⑦ HLSes (7 to 9 points) 

had a significant 34% 

lower risk of 

developing MetSyn 

than lower HLSes (0 

to 3) 

 

[116] 
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⑨ Working at least 40 h/week. 

HLI: 

① PA
*
(low|moderate|high), 

② Diet
+
(1st quintile|2nd quintile |3rd quintile|4th 

quintile| 5th quintile), 

③ Smoking (current smoker|former 

smoker|never smoker), 

④ Alcohol use (> 60 g/day|24.0–59.9 

g/day|12.0–23.9 g/day|6.0–11.9 g/day|< 6.0 

g/day) 

⑤ BMI (≥ 30|26–29.9 |24–25.9|22–23.9|< 22 ). 

0-20 

(≤ 10|11-

15|≥ 16) 

 

⑤ A higher HLI score 

was associated with a 

lower risk of MetS.  

 

 

[117] 

① Moderate alcohol consumption (W ≤ 14 

g/day, M ≤ 28 g/day),  

② Never/quit smoking,   

③ Healthy diet, 

④ Sufficient PA (≥ 150 min/week or ≥ 5 d/week 

≥ 75 min/week or at least once a week), 

⑤ Social support**,  

⑥ Less sedentary behaviour (≤4 h/day) 

⑦ Good sleep (7–8 h/night) 

0-7
#
 

(Q1|Q2-

Q4|Q5) 

⑥ A favorable lifestyle 

is associated with a 

lower risk of mortality 

and incidence of 

cancer among 

populations with 

MetS 

[118] 

HLS
++

: 

① PA (inactive/ active),  

② Diet quality (HEI-2015),  

③ Smoking (no/yes),  

④ Obesity (no/yes).  

0-4 

(Q1/Q2/Q3

/Q4) 

② Women in the first 

quartile of HLS had 

67% increased odds of 

MetS compared with 

those in the bottom 

quartile 

[119] 

MEDLIFE
##： 

① Food consumption (15 items),  

② Dietary habits (7 items), 

③ PA, rest and conviviality (6 items).  

0-26 

(T1/T2/T3) 
② MetS was 71% less 

likely among 

participants with 

higher MEDLIFE 

adherence than those 

with lower MEDLIFE 

adherence 

[120] 

 

*: Chinese version of the International Physical 

Activity Questionnaire-Short; +: Beneficial food 

intake was scored from 0 (never) to 7 (always), 

while harmful food was scored from 0 (always) to 

7 (never). Moreover, a total diet score was the 

sum of the four food types, ranging from 0 to 28; 

++: IPAQ-SF, FFQ, : USDA's Food Composition 

Table, dietary guidelines for Americans (DGA)-

HEI-2015; **: described as having at least two of 

the following social connections: friend/family 

visits at least once a week, being able to confide 

in someone close, having a close relationship with 

family, or having leisure/social activities; #: 

weighted healthy lifestyle scores = (β−1 × 

factor−1 + β−2 × factor−2 + …+ β−7 × factor−7) 

÷ (β−1 + β−2 +…+ β−7) × 7; ##: Harvard food-

frequency questionnaire and modified 

Mediterranean diet score. 

Individual lifestyle behaviors' consequences are 

interconnected and differ across diseases. Thus, a 

tailored scoring system for healthy lifestyles is 

essential to foster good habits and mitigate MetS 

prevalence. This system should account for 

personal habits, preferences, and objectives to 

generate a holistic lifestyle score indicative of 

overall health. Regularly monitoring and 

enhancing this score enables individuals to 

pinpoint areas for lifestyle refinement, lowering 

the likelihood of MetS and other ailments. 
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4. Conclusions 

In conclusion, MetS poses a major global public 

health issue due to its widespread occurrence and 

substantially adverse effects on health and well-

being. While medications exist for treating MetS, 

lifestyle adjustments are essential for effectively 

tackling this problem. Various lifestyle factors 

impact MetS, such as sleep duration, smoking, 

excessive alcohol consumption, and inadequate 

diet. Inadequate sleep and excessive sleep can 

lead to obesity and insulin issues [26]. Smoking 

has been shown to induce IR, lower HDL-C 

levels, and increase WC and TG levels [45]. 

Excessive alcohol consumption leads to abnormal 

glucose regulation [51]. Poor diet can lead to 

weight gain, inflammation, and increased MetS 

risk [23]. 

However, adopting a healthier lifestyle that 

includes a healthy diet, proper PA, moderate 

alcohol consumption, and avoiding smoking has 

been shown to prevent and improve MetS. The 

MD, in particular, is an effective dietary 

intervention. Regular PA can help increase 

metabolic rate, reduce fat accumulation, improve 

IR, and regulate glucose levels [110]. Moderate 

alcohol consumption has increased HDL-C levels 

[42]. Tea consumption has increased fat 

metabolism and insulin sensitivity [56,61]. 

Finally, research has also shown that coffee can 

decrease weight, blood sugar, and cholesterol 

levels [67]. 

Despite extensive research, there are still 

inconsistent and conflicting findings about the 

relationship between lifestyle factors and MetS, 

and lifestyle score development varies. First, there 

is a lack of consensus on the definition of MetS. 

Different organizations use different diagnostic 

criteria, making it difficult to compare study 

results. This variation makes it challenging to 

identify specific lifestyle factors that may 

contribute to MetS consistently. Second, most 

MetS studies are cross-sectional, which limits our 

ability to conclude the relationship between 

lifestyle and MetS. Longitudinal studies with 

individuals followed over time would provide 

more meaningful insights into the causal 

relationship between lifestyle and MetS. Third, 

there is a lack of standardization in measuring 

lifestyle factors. Many studies rely on self-

reported measures, which are prone to bias. 

Finally, research on MetS and lifestyle has mainly 

focused on high-income populations in developed 

nations, limiting the generalizability of the 

findings to diverse populations and environments. 

Despite offering some understanding, current 

research has various shortcomings hindering a 

comprehensive grasp of this issue. Overcoming 

these limitations by using standardized 

definitions, longitudinal studies, and objective 

lifestyle measures can enhance our understanding 

of MetS about lifestyle choices and facilitate the 

development of a tailored mechanism for 

evaluating healthy behaviors. 

Overall, the results of these studies will allow 

early identification and intervention of modifiable 

risk factors for MetS. Adopting a healthier 

lifestyle, including a balanced diet, regular PA, 

moderate alcohol consumption, avoiding smoking, 

and adequate sleep, remains critical to reducing 

the incidence and impact of MetS. Healthcare 

providers and policymakers should promote 

awareness and education about these lifestyle 

changes to improve human health. 
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