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A B S T R A C T   

Objective: The purpose of this study is to evaluate the association between elevated serum liver 
enzymes and Metabolic Syndrome (MetS) in Prospective Epidemiological Research Studies of the 
Iranian Adults (PERSIAN) Guilan Cohort Study (PGCS) population. 
Methods: This cross-sectional study involved 10,519 individuals between the ages of 35 and 70 
enrolled in the PGCS. The gathered data encompassed demographic information, anthropometric 
measurements, blood pressure, and biochemical indicators. MetS was defined by the National 
Cholesterol Education Program–Adult Treatment Panel III criteria (NCEP-ATP III). The associa
tions between elevated liver enzymes and MetS were examined using logistic regression analysis. 
Odds ratio (OR) and 95 % confidence interval (CI) were calculated. 
Results: The prevalence of MetS was 41.8 %, and the prevalence of elevated alanine amino
transferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), and 
alkaline phosphatase (ALP) were 19.4, 4.6, 11.6, and 5.1 %, respectively. In the unadjusted 
model, elevated ALT, AST, and GGT were associated with increased odds of MetS (OR = 1.55, 95 
% CI: 1.41–1.71; OR = 1.29, 95 % CI: 1.07–1.55, and OR = 1.90, 95 % CI: 1.69–2.14, respec
tively). These associations remained significant for ALT and GGT after adjustment for some de
mographic and clinical characteristics (aOR = 1.31, 95 % CI: 1.17–1.46 and aOR = 1.30, 95 % CI: 
1.14–1.49, respectively). In addition, the odds of MetS increased with the number of elevated 
liver enzymes, up to almost 1.32-fold among subjects with three/four elevated liver enzymes. 
Conclusion: The higher incidence of elevated liver enzymes was associated with an increased 
likelihood of MetS. Including liver markers in diagnosing and predicting MetS holds promise and 
is considered a possible approach.   
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1. Introduction 

Metabolic syndrome (MetS) or X syndrome is a complex disorder characterized by the co-occurrence of several metabolic diseases, 
including abdominal obesity, hypertension, insulin resistance, hyperglycemia, hypertriglyceridemia and reduced lower high-density 
lipoprotein cholesterol (HDL-C) [1]. MetS is undeniably linked to an elevated risk of developing cardiovascular diseases (CVD) and 
diabetes mellitus (DM) [2]. MetS has become one of the prominent public health challenges of the current era, with a rising trend 
observed in both developed and developing countries [3]. The global prevalence of MetS has been reported to range between 14 % and 
32 % across different regions of the world [4]. The prevalence of MetS exhibits considerable variation worldwide, particularly in Asian 
countries, primarily due to significant differences in lifestyle factors and diverse ethnic groups [5,6]. 

A systematic review study on the Iranian population older than 19 years reported the prevalence of MetS as 10–60 %, depending on 
age, gender, and habitat [7]. Also, evidence has been showing an association between MetS and hepatic injuries [8]. Various markers, 
including alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyl 
transferase (GGT), have been recognized as reliable indicators for assessing liver function. These markers are also associated with 
DM, hypertension, and MetS [9]. Some studies have even identified an increased risk of developing MetS with elevated hepatic enzyme 
levels, even within the normal range [10,11]. Epidemiological investigations have demonstrated a link between non-alcoholic fatty 
liver disease (NAFLD), the most prevalent cause of elevated liver enzymes, and MetS [12,13]. 

However, the findings from previous studies exploring the association between elevated liver enzymes and MetS have exhibited 
some inconsistency [14,15]. Earlier research has indicated a significant association between elevated ALT and GGT levels, but not AST 
levels, with MetS. Additionally, certain studies have demonstrated that only a substantial increase in GGT levels is associated with all 
components of MetS. Due to variations in lifestyle and regional-specific characteristics and the full understanding of the relationship 
between elevated liver enzymes and MetS, it is necessary to conduct studies in different geographical areas worldwide [16]. Therefore, 
this study aimed to investigate the associations between liver enzymes and MetS in a large-scale Iranian population from the Pro
spective Epidemiological Research Studies of the Iranian Adults (PERSIAN) Guilan Cohort Study (PGCS). 

2. Materials and methods 

2.1. Study populations 

This cross-sectional study was conducted on 10,519 individuals between the ages of 35 and 70 who were enrolled in the PGCS 
population, which is part of PERSIAN in 2022. A comprehensive PGCS profile has been published, providing detailed information [17]. 
The study was confirmed by the ethical committee of the Guilan University of Medical Sciences, Rasht, Iran (IR.GUMS.REC. 1401.325), 
and all individuals gave their consent to participate in the study. 

2.2. Data collection 

Data collection at the cohort center involved the registration of participants, demographic information, anthropometric mea
surements, blood pressure, and biochemical indicators. The demographic characteristics involved age, gender, location of residence, 
marital status, smoking, occupation, and education obtained with face-to-face interviews. The PERSIAN cohort protocol assessed Blood 
pressure using a cuff pressure gauge (MTM Munich, Germany). Weight (kg), height (cm), and waist circumference (WC) (cm), as 
anthropometric markers, were measured based on the cohort study protocol. History of hepatotoxic drug consumption and fatty liver 
disease was assessed based on the questions “Has a physician diagnosed NAFLD? (yes/no)" and “Have you used hepatotoxic drugs 
before? (yes/no)." 

2.3. Biochemical measurements 

Blood samples were collected from the antecubital vein following a fasting period of 12 h. Liver enzymes, such as AST, ALT, ALP, 
and GGT, as well as the lipid profile, which included triglyceride (TG), total cholesterol (TC), HDL-C, low-density lipoprotein 
cholesterol (LDL-C), and fasting blood sugar (FBS), were assessed using a Biotecnica auto-analyzer (BT 1500, Italy) in medical lab
oratory of the cohort center. Elevated liver enzymes were defined as follows: ALT ≥32 U/L in males/≥ 22 U/L in females, AST ≥37 U/L 
in males/≥ 31 U/L in females, GGT ≥49 U/L in men/≥ 32 U/L in females, and ALP ≥307 U/L in both male and female [18]. 

2.4. Definition of metabolic syndrome 

The MetS prevalence was defined according to the National Cholesterol Education Program Adult- Treatment Panel III (NCEP-ATP 
III) criteria [19]. Individuals were categorized as having MetS if they had central obesity (WC ≥ 95 cm for males and WC ≥ 80 cm for 
females) in addition to two other four components. The components comprising the MetS involved TG ≥ 150 mg/dl or previous 
diagnosis of hypertriglyceridemia; HDL ≤40 mg/dl in males and ≤50 mg/dl in females or Specific medications for these fat disorders; 
systolic blood pressure (SBP) ≥130 mmHg or diastolic blood pressure (DBP) ≥85 mmHg or previously diagnosed hypertension; and 
FBS ≥100 mg/dl or previous diagnosis of DM. 
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2.5. Statistical analysis 

This study expressed continuous variables as mean ± standard deviation (SD) and categorical variables as number (percentage). 
Differences in continuous and categorical variables between participants with and without MetS were tested by independent T-test and 
Chi-Square test (or Cochran–Armitage test for trend), respectively. We determined the association of MetS with elevated liver enzymes 
using logistic regression analysis. Odds ratio (OR) and 95 % confidence interval (CI) were calculated. ORs were adjusted for de
mographic and clinical characteristics. Model 1 was unadjusted; Model 2 was adjusted for age and sex; Model 3 was adjusted for 
variables in Model 2 and marital status, years of education, occupation, place of residency, wealth score index (WSI), body mass index 
(BMI), physical activity, smoking, hookah smoking, opium consumption, and alcohol consumption; Model 4 was adjusted for variable 
in Model 3 and fatty liver, hepatitis B, hepatitis C, use of lipid-lowering drugs and hepatotoxic drugs. All data analyses were done SPSS 

Table 1 
Demographic and clinical characteristics of the participants in the PERSIAN Guilan Cohort Study.   

Total (n = 10519) MetS (n = 4393) Non-MetS (n = 6126) P 

mean ± SD or n (%) mean ± SD or n (%) mean ± SD or n (%) 

Age (years)    <0.001 
35–44 3138 (29.8) 1071 (24.4) 2067 (33.7)  
45–54 3854 (36.6) 1565 (35.6) 2289 (37.4)  
55–64 2730 (26.0) 1373 (31.3) 1357 (22.2)  
≥ 65 797 (7.6) 384 (8.7) 413 (6.7)  
Mean ± SD 51.52 ± 8.90 52.91 ± 8.84 50.52 ± 8.81 <0.001 

Sex    <0.001 
Male 4886 (46.4) 1222 (27.8) 3664 (59.8)  
Female 5633 (53.6) 3171 (72.2) 2462 (40.2)  

Marital status    <0.001 
Single 305 (2.9) 109 (2.5) 196 (3.2)  
Married 9526 (90.6) 3868 (88.0) 5658 (92.4)  
Widow 566 (5.4) 359 (8.2) 207 (3.4)  
Divorced 122 (1.2) 57 (1.3) 65 (1.1)  

Education level    <0.001 
Illiterate 1738 (16.5) 949 (21.6) 789 (12.9)  
1–5 3312 (31.5) 1443 (32.8) 1869 (30.5)  
6–12 4831 (45.9) 1798 (40.9) 3033 (49.5)  
University 638 (6.1) 203 (4.6) 35 (7.1)  
Mean ± SD 6.63 ± 4.52 5.95 ± 4.53 7.11 ± 4.45 <0.001 

Employment    <0.001 
Unemployed 4781 (45.5) 2615 (59.5) 2166 (35.4)  
Employed 5738 (54.5) 1778 (40.5) 3960 (64.6)  

Habitat    0.318 
Urban 4612 (43.8) 1901 (43.3) 2711 (44.3)  
Rural 5907 (56.2) 2492 (56.7) 3415 (55.7)  

Wealth Score Index    0.002 
Quartile 1 2630 (25.0) 1138 (25.9) 1492 (24.4)  
Quartile 2 2630 (25.0) 1147 (26.1) 1483 (24.2)  
Quartile 3 2630 (25.0) 1060 (24.1) 1570 (25.6)  
Quartile 4 2629 (25.0) 1048 (23.9) 1581 (25.8)  
Mean ± SD 0 ± 1 − 0.03 ± 0.98 0.02 ± 1.01 0.007 

BMI (kg/m2)    <0.001 
Underweight 141 (1.3) 14 (0.3) 127 (2.1)  
Normal 2746 (26.1) 546 (12.4) 2199 (35.9)  
Overweight 4198 (39.9) 1721 (39.2) 2477 (40.4)  
Obese 3435 (32.7) 2112 (48.1) 1323 (21.6)  
Mean ± SD 28.14 ± 5.09 30.15 ± 4.93 26.70 ± 4.69  

Physical activity (MET)    <0.001 
Quartile 1 2630 (25.0) 1338 (30.5) 1292 (21.1)  
Quartile 2 2630 (25.0) 1281 (29.2) 1349 (22.0)  
Quartile 3 2630 (25.0) 1072 (24.4) 1558 (25.4)  
Quartile 4 2629 (25.0) 702 (16.0) 1927 (31.5)  
Mean ± SD 41.26 ± 8.88 39.22 ± 7.48 42.72 ± 9.50 <0.001 

Smoking 2584 (24.6) 663 (15.1) 1921 (31.4) <0.001 
Hookah smoking 1515 (14.4) 365 (8.3) 1150 (18.8) <0.001 
Opium consumption 726 (6.9) 226 (5.1) 500 (8.2) <0.001 
Alcohol consumption 1395 (13.3) 437 (9.9) 958 (15.6) <0.001 
Fatty liver disease 696 (6.6) 423 (9.6) 273 (4.5) <0.001 
Hepatitis B 22 (0.2) 15 (0240) 7 (0.16) 0.344 
Hepatitis C 12 (0.1) 10 (0.16) 2 (0.05) 0.078 
Use of lipid-lowering drugs 1584 (15.1) 1098 (25.0) 486 (7.9) <0.001 
Use of hepatotoxic drugs 1732 (16.5) 1094 (24.9) 638 (10.4) <0.001 

SD: Standard Deviation; BMI: Body Mass Index. 
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for Windows, version 16.0 (SPSS Inc., Chicago, IL, USA), and the significance level was set at 0.05. 

3. Results 

3.1. Demographic and clinical characteristics of the participants 

Table 1 outlines the demographic and clinical characteristics of the participants. The mean age of the participants was 51.52 ± 8.90 
years, and 53.6 % were female. Of the participants, 90.6 % were married, 6.1 % had a university education, 54.5 % were employed, 
56.2 % were rural residents, 32.7 % had obese-BMI, 24.6 % were smokers, 13.3 % consumed alcohol, 6.6 % had fatty liver disease, and 
16.6 % used hepatotoxic drugs. Patients with MetS were older, more female sex, more widowed, more unemployed, reported less 
smoking and hookah smoking and less consumption of opium and alcohol, had low WSI, high BMI, and low psychical activity, and were 
more likely to have fatty liver and reported more use of lipid-lowering drugs and hepatotoxic drugs. 

3.2. Prevalence of elevated live enzymes and MetS 

The prevalence of elevated ALT, AST, GGT, and ALP was 19.4, 4.6, 11.6, and 5.1 %, respectively. The prevalence of elevated ALT, 
AST, and GGT was higher in females than in males (P < 0.001, P = 0.040, P < 0.001, respectively). The prevalence of elevated ALT 
decreased with age (P for trend<0.001), whereas the prevalence of elevated ALP increased with age (P for trend<0.001). The prev
alence of MetS was 41.8 % in this study and was more prevalent in females than in males (56.3 % vs 25.0 %, P < 0.001). The prevalence 
of MetS increased with age; the lowest was 34.1 % in those aged 35–44 years (P for trend<0.001) (Table 2). 

3.3. Prevalence of MetS based on elevated ALT using logistic regression 

The prevalence of MetS was higher among participants with elevated ALT than those with normal ALT levels (50.5 % vs 39.7 %, P 
< 0.001). Similar results were also obtained for AST and GGT (P = 0.007 and P < 0.001, respectively) (Table 3 and Fig. 1). In the 
unadjusted model (Model 1), elevated ALT was associated with 55 % increased odds of MetS (OR = 1.55, 95 % CI: 1.41–1.71). This 
association remained significant after adjustment for age and sex (OR = 1.61, 95 % CI: 1.45–1.78) (Model 2). In model 3, after 
adjustment for other socio-demographic characteristics, the OR also remained statistically significant (OR = 1.36, 95 % CI: 1.22–1.51). 
In Model 4, after further adjustment for fatty liver, hepatitis B, hepatitis C, use of lipid-lowering drugs, and use of hepatotoxic drugs, 
participants with elevated ALT were 1.31-fold more likely to have MetS in comparison to participants with normal ALT (OR = 1.31, 95 
% CI: 1.17–1.46). 

3.4. Prevalence of MetS based on elevated AST using logistic regression 

In the unadjusted model, participants with elevated AST were more likely to have MetS than people with normal AST (OR = 1.29, 
95 % CI: 1.07–1.55). Similar results were obtained after adjusting for sex and age (OR = 1.26, 95 % CI: 1.03–1.53). In Model 3 and 
Model 4, there was no longer a significant association between elevated AST and MetS (OR = 1.07, 95 % CI: 0.87–1.31 and OR = 1.03, 
95 % CI: 0.84–1.27, respectively). In the unadjusted model, elevated GGT was associated with 90 % increased odds of MetS (OR = 1.90, 
95 % CI: 1.69–2.14). Similar results were obtained after adjusting for age and sex (OR = 1.52, 95 % CI: 1.34–1.73). The OR also 
remained statistically significant in Model 3 and Model 4 (OR = 1.33, 95 % CI: 1.17–1.52 and OR = 1.30, 95 % CI: 1.14–1.49, 
respectively). 

Table 2 
Prevalence of elevated live enzymes and MetS among the PERSIAN Guilan cohort study participants.   

Elevated ALT Elevated AST Elevated GGT Elevated ALP MetS 

n (%) n (%) n (%) n (%) n (%) 

Total 2043 (19.4 %) 480 (4.6 %) 1222 (11.6 %) 536 (5.1 %) 4393 (41.8 %) 
Age 

35–44 673 (21.4 %) 154 (4.9 %) 346 (11.0 %) 101 (3.2 %) 1071 (34.1 %) 
45–54 779 (20.2 %) 168 (4.4 %) 431 (11.2 %) 170 (4.4 %) 1565 (40.6 %) 
55–64 481 (17.6 %) 126 (4.6 %) 358 (13.1 %) 202 (7.4 %) 1373 (50.3 %) 
≥ 65 110 (13.8 %) 32 (4.0 %) 87 (10.9 %) 63 (7.9 %) 384 (48.2 %) 
P for trenda <0.001 0.617 0.111 <0.001 <0.001 

Sex 
Male 873 (17.9 %) 201 (4.1 %) 350 (7.2 %) 244 (5.0 %) 1222 (25.0 %) 
Female 1170 (20.8 %) 279 (5.0 %) 872 (15.5 %) 292 (5.2 %) 3171 (56.3 %) 

P <0.001 0.040 <0.001 0.659 <0.001 

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; GGT: Gamma-Glutamyl Transferase; ALP: Alkaline Phosphatase; MetS: Metabolic 
Syndrome. 

a Cochran–Armitage test for trend. 
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3.5. Prevalence of MetS based on elevated ALP using logistic regression 

The presence of elevated ALP was not associated with MetS in both unadjusted model (OR = 1.13, 95 % CI: 0.95–1.35) (Model 1) 
and all adjusted models- Model 2 (OR = 1.01, 95 % CI: 0.84–1.22), Model 3 (OR = 0.99, 95 % CI: 0.82–1.21), and Model 4 (OR = 0.97, 
95 % CI: 0.79–1.19). 

3.6. Prevalence of MetS based on elevated liver enzymes 

The prevalence of MetS among participants with 0, 1, 2, and 3 or 4 elevated liver enzymes was 38.6, 48.4, 51.2 and 57.0 %, 
respectively. In other words, the prevalence of MetS increased with increasing the number of elevated liver enzymes (P for 
trend<0.001) (Table 3 and Fig. 2). In unadjusted analysis, compared with participants without any elevated liver enzymes, the OR of 
MetS was 1.50 (95 % CI: 1.35–1.65) for participants with one elevated liver enzyme, 1.67 (95 % CI: 1.44–1.94) for participants with 
two elevated liver enzymes, 2.11 (95 % CI: 1.65–2.69) for participants with three or four elevated liver enzymes, with a significant 

Table 3 
Relationship between liver enzymes and MetS among the PERSIAN Guilan cohort study participants using logistic regression analysis.   

Prevalence of MetS n 
(%) 

Model 1 (Unadjusted) Model 2 Model 3 Model 4 

OR (95 % CI) P OR (95 % CI) P OR (95 % CI) P OR (95 % CI) P 

ALT 
Normal 3361 (39.7 %) 1  1  1  1  
Elevated 1032 (50.5 %) 1.55 

(1.41–1.71) 
<0.001 1.61 

(1.45–1.78) 
<0.001 1.36 

(1.22–1.51) 
<0.001 1.31 

(1.17–1.46) 
<0.001 

AST 
Normal 4164 (41.5 %) 1  1  1  1  
Elevated 229 (47.7 %) 1.29 

(1.07–1.55) 
0.007 1.26 

(1.03–1.53) 
0.022 1.07 

(0.87–1.31) 
0.541 1.03 

(0.84–1.27) 
0.775 

GGT 
Normal 3711 (39.9 %) 1  1  1  1  
Elevated 682 (55.8 %) 1.90 

(1.69–2.14) 
<0.001 1.52 

(1.34–1.73) 
<0.001 1.33 

(1.17–1.52) 
<0.001 1.30 

(1.14–1.49) 
<0.001 

ALP 
Normal 4154 (41.6 %) 1  1  1  1  
Elevated 239 (44.6 %) 1.13 

(0.95–1.35) 
0.173 1.01 

(0.84–1.22) 
0.927 0.99 

(0.82–1.21) 
0.956 0.97 

(0.79–1.19) 
0.762 

No of elevated liver enzymes 
0 2915 (38.6 %) 1  1  1  1  
1 943 (48.4 %) 1.50 

(1.35–1.65) 
<0.001 1.46 

(1.31–1.62) 
<0.001 1.30 

(1.16–1.45) 
<0.001 1.23 

(1.10–1.38) 
<0.001 

2 380 (51.2 %) 1.67 
(1.44–1.94) 

<0.001 1.56 
(1.32–1.83) 

<0.001 1.31 
(1.11–1.54) 

<0.001 1.28 
(1.08–1.52) 

0.004 

≥ 3 155 (57.0 %) 2.11 
(1.65–2.69) 

<0.001 1.74 
(1.34–2.25) 

<0.001 1.40 
(1.07–1.84) 

<0.001 1.32 
(1.00–1.75) 

0.047 

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; GGT: Gamma-Glutamyl Transferase; ALP: Alkaline Phosphatase; MetS: Metabolic 
Syndrome; OR: Odds Ratio; CI: Confidence Interval. 
Model 1: Unadjusted model. 
Model 2: Adjusted for age and sex. 
Model 3: Adjusted for Model 2 plus marital status, years of education, occupation, place of residency, wealth score index, BMI, physical activity, 
smoking, hookah smoking, opium consumption, and alcohol consumption. 
Model 4: Adjusted for Model 2 plus fatty liver, hepatitis B, hepatitis C, use of lipid lowering drugs, and use of hepatotoxic drugs. 
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Fig. 1. Prevalence of metabolic syndrome based on elevated liver enzymes. P-values are based on Chi-square test.  
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trend in OR with an increasing number of elevated liver enzymes (Table 3 and Fig. 2). Similar results were obtained after adjusting for 
age and sex. The same pattern, but with lower ORs, was observed after adjusting for variables in Model 3 and Model 4. 

4. Discussion 

We found that the prevalence of MetS in the northern Iranian population was 41.8 %, which was higher than studies in the USA 
(22.9 %), Italy (17.0 %), Japan (5.3 %) and Philippines (14.2 %) [3,20–22]. Almost similar to our findings, the prevalence of MetS was 
34.42 % and 37 % in the Rafsanjan cohort study [18] and the Kharameh cohort study [23]. In another study, Farmanfarma et al. 
revealed that approximately one-third of the Iranian population aged 20 and above has MetS, with geographical distribution differ
ences among provinces [24]. This could be attributed to differences in their age, gender, culture, habits, BMI, socioeconomic status, 
and environmental factors [25,26]. Additionally, the prevalence of MetS can vary based on the diagnostic criteria used, study duration, 
and population ethnicity. Moreover, we observed that elevated ALT, AST, and GGT had a significant association with the prevalence of 
MetS. However, our findings revealed that odds of MetS were significantly associated with elevated ALT and GGT; no significant 
relationship was observed between MetS and elevated AST and ALP. In this regard, some studies reported a similar finding (55, 58). 
Inconsistently, Koskinen et al. found no association between elevated ALT and GGT with the risk of MetS in young adults [27]. The 
discussion of our study highlights the promising role of ALT and GGT determinations as potential diagnostic markers for early 
detection and progression prediction of Metabolic Syndrome (MetS). Several studies have demonstrated a significant association 
between elevated ALT and GGT levels and the presence of MetS. Findings suggest that ALT and GGT determinations offer valuable 
insights into early MetS detection and may serve as useful predictors of disease progression [28,29]. 

In another study, elevated ALP levels were associated with MetS, so participants in the highest quartile of ALP had a 3.72-fold 
increased risk of developing MetS (53). Consistent with the study of Khalili et al., it was revealed that the prevalence of MetS 
increased with the number of elevated liver enzymes [18]. In the present study, the prevalence of MetS in women was generally higher 
than in men. Numerous studies on varied populations have consistently reported a higher prevalence of MetS in women [30,31]. 
Factors such as low levels of physical activity and increased subcutaneous fat in women of all ages due to anatomical reasons may 
explain the higher prevalence of obesity and subsequent development of MetS compared to men (40,41). Participants with MetS were 
older compared to those without MetS. Other studies also found the ascending trend of aging prevalence [32,33]. 

Evidence reported that a decrease in physical activity and an increase in obesity, followed by an increase in underlying diseases 
such as diabetes and hypertension, are associated with a higher OR of developing MetS in old age [34]. The present study also found 
that individuals with MetS had higher BMI and lower physical activity levels. Patel et al. stated that the association between liver 
enzyme levels and the risk of MetS could have a potential relationship with excess visceral adiposity [35]. Hanley et al. have proposed 
that elevated liver enzymes indicate the presence of excessive fat accumulation in the liver, a characteristic feature of NAFLD [36]. The 
common cause of abnormal liver function found in participants with MetS and obesity was NAFLD, characterized by elevation in liver 
enzyme levels. The association between elevated liver enzymes and the risk of MetS is thought to be primarily explained by NAFLD, as 
indicated by several studies [37,38]. Likewise, we observed that the prevalence of NAFLD in patients with MetS was higher than in 
individuals without MetS. 

Also, in this present study, users of hepatotoxic and lipid-lowering drugs had a higher prevalence of metabolic syndrome. It has 
been shown that GGT is a marker of oxidative stress that could be involved in increased oxidative stress, leading to reduced 
responsiveness to insulin and ultimately resulting in hyperglycemia [39]. Furthermore, in line with previous studies, we observed that 
individuals with high levels of education had a lower frequency of MetS. Maybe the reason is that individuals with higher levels of 
education tend to possess more health-related knowledge, exhibit improved health conditions, and adopt healthier behaviors [11,13]. 
Studies conducted on Japanese and Korean populations have reported a significant association between smoking and increased risk of 
MetS (45,46). Fan et al. found that alcohol consumption was associated with MetS [40]. On the contrary, similar to our findings, 
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Fig. 2. Prevalence of metabolic syndrome based on the number of elevated liver enzymes. P-value is based on Cochran–Armitage test for trend.  
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several studies have demonstrated a significant inverse relationship between the use of cigarettes, alcohol, and opium with the fre
quency of MetS [41,42]. 

Since studies conducted in different populations have shown variations in the association between specific types of elevated liver 
enzymes and MetS, it may be more effective to investigate the association between the number of elevated liver enzymes and the risk of 
developing MetS in subsequent studies. This study has assessed the link between liver enzymes and MetS and other related factors in a 
large population of PGCS. Due to the cross-sectional nature of our study design, we cannot establish a direct inference regarding the 
association between liver enzymes and specific components of MetS, such as insulin resistance. Also, since it was impossible to identify 
all known causes of elevated liver enzyme, it may result in some biases in the results. 

5. Conclusion 

Higher elevated liver enzymes were associated with an increased likelihood of MetS. Including liver markers in diagnosing and 
predicting MetS holds promise and is considered a feasible approach. 
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