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ABSTRACT 
Metabolic Syndrome (MetS) is a panorama encompassing risk factors like, central obesity, dysglycemia, hypertension, 
and lipid abnormalities that increase cardiovascular disease risk. Metabolic Dysfunction-Associated Steatotic Liver 
Disease (MASLD) is the hepatic manifestation of MetS and is emerging as a global health concern. This study focusses 
on determining the prevalence of MASLD in MetS and investigate the relationship between ultrasonographic severity of 
liver steatosis and serum liver enzyme levels. This observational analytical, clinical study was conducted at a tertiary care 
center in North India over 24 months. A total of 200 study subjects were enrolled based on the inclusion criteria. The 
study was approved by the institutional ethics committee and adhered to ICMR guidelines. The prevalence of MASLD 
diagnosed by ultrasound was 72.5% (n=145), with higher rates in males (67%) versus females (33%). In both genders, 
increased body weight, BMI, waist circumference, and ALT levels were directly proportional severity of steatosis. In 
males, systolic blood pressure positively correlated with liver steatosis, while in females, higher HDL and lower LDL 
cholesterol levels were linked to greater fatty infiltration. Elevated AST and ALT levels also showed a positive 
correlation with steatosis severity. Strongest association was detected with BMI and waist circumference. The study thus 
concluded that there is rise in MASLD prevalence amongst MetS patients, particularly younger individuals. Elevated 
liver enzymes and ultrasonography are reliable markers of MASLD severity. Hypertension and low HDL cholesterol, 
common in rural populations, require further investigation. 
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INTRODUCTION 

MetS is a group of metabolic abnormalities-
dysglycemia, hypertension, lipid abnormalities, and 
central obesity, that increase risk of cardiovascular 
diseases. About 20% of the global population is 
affected, with increased incidence linked to obesity. 
Until 2023, MASLD was called non-alcoholic fatty 
liver disease (NAFLD). The renaming, based on a 
Delphi consensus, aims to reduce stigma and highlight 
the metabolic roots of the disease. MASLD now 
includes specific metabolic conditions in its diagnostic 
criteria, emphasizing its association with MetS, a multi-
organ condition with significant liver impact1. 

Insulin resistance, central obesity and low-grade 
inflammation are key factors in MASLD 
pathophysiology. The view of MASLD as a benign 
condition is changing due to its rising prevalence. 
MASLD affects 15-40% in Western nations and 9-40% 

in Asia2,3. In India, MASLD is becoming a major cause 
of liver disease, with a 9-32% prevalence, especially in 
obese and diabetes4,5. MASLD is the leading cause of 
elevated aminotransferase levels in asymptomatic 
patients and a primary cause of cryptogenic cirrhosis in 
developed countries6. 

Several studies have shown a strong link between 
MASLD and all five components of metabolic 
syndrome: central obesity, hypertriglyceridemia, mixed 
hyperlipidaemia, type II diabetes and hypertension. 
Obese individuals have higher prevalence (57.5-74%) 
of MASLD7. A liver biopsy is the most effective tool 
for assessing liver steatosis, inflammation and fibrosis 
but its use in non-progressive fatty liver disorders is 
limited due to ethical and medical concerns8, 9. 

Serum levels of liver enzymes such as γ-glutamyl 
transferase (γ-GT), alanine aminotransferase (ALT) and 
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aspartate aminotransferase (AST) can also be used to 
assess the severity of fatty liver disease10, 11. Although 
these enzymes are sensitive indicators of damage to the 
liver cells, they are unable to reveal the underlying 
reasons of that damage.Ultrasound-based assessment of 
MASLD severity correlates with abnormalities in liver 
enzyme profiles among patients. Elevated levels of AST 
and ALT may serve as specific biomarkers indicative of 
MASLD12. 

International guidelines for diagnosing steatosis have 
been proposed. Liver ultrasonography shows good 
correlation with histology for fatty infiltration but lacks 
sensitivity for detecting inflammation and fibrosis13, 14. 
However, little is known about the relationship between 
metabolic syndrome and ultrasonographic liver 
steatosis. This study aims to determine the prevalence 
of MASLD in metabolic syndrome and explore the link 
between blood liver enzymes and ultrasonographic liver 
steatosis. 

MATERIAL AND METHODS 

The present study is an analytical observational clinical 
study conducted over a period of 2 years at Mahatma 
Gandhi Medical College and Hospital in Jaipur. 200 
subjects were enrolled in the study as per the inclusion 
criteria. All relevant information regarding the method 
of study was properly explained to all participants. 

Inclusion Criteria 

Participants who met the metabolic syndrome criteria 
defined by the International Diabetes Federation (2005), 
including ethnic-specific definitions for central obesity, 
were included. Fatty liver was assessed using 
abdominal ultrasonography with a Toshiba Nemio 30 
scanner and a 3.5-MHz linear transducer. Diagnosis of 
fatty liver required at least two of the following 
ultrasound findings: marked attenuation of the signal, 
vascular blurring, and increased liver echogenicity 
compared to the kidney. Participants were in a supine 
position during relaxed inspiration, and a qualified, 
blinded radiologist conducted the scans. Fatty liver 
severity was classified into three grades: Grade I (mild), 
Grade II (moderate) and Grade III (severe). 

Grade I (Mild): Mild increase in hepatic echoes with 
normal diaphragm and vessel visualization. 

Grade II (Moderate): Moderate increase in echoes 
with mild impairment of vessel and diaphragm 
visualization. 

Grade III (Severe): Marked increase in echoes with 
poor or absent visualization of vessels, diaphragm and 
posterior right lobe. 

Exclusion Criteria 
• Patients with HBV, HCV, or a history of alcohol 

were excluded. 

• Individuals with systemic conditions known to 
induce fatty liver or those using medications 
(including herbal supplements) that elevate ALT 
and GGT or contribute to fatty liver were also 
excluded. 

Causes of MASLD 

• Nutritional: Starvation, Bariatric surgery, 
Parenteral nutrition, Celiac disease, Wilson’s 
disease, Hemochromatosis, Alpha-1 antitrypsin 
deficiency, Inflammatory bowel disease, Fatty liver 
of pregnancy, Halogenated hydrocarbons, Toxic 
mushrooms 

• Drugs: Glucocorticoids, Tamoxifen, Amiodarone, 
Valproic acid, Zidovudine, Didanosine, 
Methotrexate, Statins, NSAIDS, Nifedipine, 
Diltiazem 

Study Design 

The two groups that made up the study group were the 
Metabolic Syndrome with MASLD group and the 
Metabolic Syndrome without MASLD group.  

Following selection, a thorough history and clinical 
examination were conducted regarding demographics, 
drug usage, alcohol intake, smoking, and 
cardiovascular, hepatic and renal diseases.  

Anthropometric measurements 

Waist circumference, height, and body weight were 
measured using standardized procedures. Weight was 
recorded to the nearest 0.5 kg, height to the nearest 0.5 
cm. Waist circumference was measured midway 
between the ribs and iliac crest, recorded to the nearest 
0.5 cm at normal inspiration. BMI was calculated as 
weight (kg)/ height (m²). Blood pressure was measured 
with a sphygmomanometer, averaging two readings 
taken five minutes apart while the participant was 
supine. 

Laboratory Analysis 

Serum biochemistry, HBsAg, Anti-HCV Antibody, 
lipid profile (TC, LDL-C, HDL-C, TG) and plasma 
glucose were measured after at least eight hours of 
fasting. Fasting blood glucose was assessed using the 
glucose oxidase peroxidase (GOP-PAP) method16. 
Lipid profile was measured using the Cholesterol 
Oxidase Peroxidase (CHOD-PAP) technique17. 

Statistical Analysis 

Statistical analyses were performed using Microsoft 
Excel and SPSS (version 16). Continuous data were 
expressed as means ± SD (Standard Deviation) and 
categorical data as percentages. Group comparisons 
were made using the Student’s t-test for continuous 
variables and the chi-square test for categorical 
variables. A P value < 0.05 was considered significant. 

RESULTS AND OBSERVATIONS 
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Table 1: Prevalence of different grades of Fatty liver in individuals with metabolic syndrome according to gender 
Gender Mild Total (Prev.) Moderate Total (Prev.) Severe Total (Prev.) 

Male 66 (49.3%) 31 (23.1%) 5 (3.7%) 
Female 31 (47%) 10 (15.2%) 2 (3%) 
 

Table 2: Comparison between the two groups of patients, with and without MASLD 
Parameter Metabolic Syndrome 

with MASLD (n=145) 
Metabolic Syndrome 
without MASLD (n=55) 

 

No. (%)  145 (72.5%) 55 (27.5%)  
 Mean ± S.D Mean ± S.D ‘p’ value (sig.2-tailed) 
AGE (years) 46.33 ± 8.98 45.04 ± 8.39 0.355 (NS) 
HEIGHT (m) 1.65 ± 0.06 1.66 ± 0.06 0.232 (NS) 
WEIGHT (kgs) 70.73 ± 5.10 67.63 ± 4.85 0.0001 (S) 
BMI (kg/m2) 25.90 ± 1.5 24.41 ± 0.99 < 0.0001 (S) 
WC (cm) men 93.59 ± 1.80 92.67 ± 1.50 0.009 (S) 
WC (cm) women 85.71 ± 2.66 84.54 ± 1.80 0.039 (S) 
SBP (mm Hg) 142.5 ± 11.38 137.38 ± 7.61 0.0023 (S) 
DBP (mmHg) 88.07 ± 7.36 87.6 ± 7.37 0.687 (NS) 
FBS (mg/dl) 98.45 ± 16.32 93.44 ± 10.40 0.035 (S) 
AST(U/L) SGOT 32.89 ± 7.11 31.42 ± 5.08 0.162 (NS) 
ALT (U/L) SGPT 63.15 ± 21.03 30.76 ± 7.44 < 0.0001 (S) 
TC (mg/dl) 151.69 ± 30.94 151.93 ± 34.45 0.963 (NS) 
HDL (mg/dl) 35.87 ± 8.27 37.89 ± 8.84  0.0021 (S) 
LDL (mg/dl) 103.34 ± 21.10 96.49 ± 19.69 0.0337 (S) 
TG (mg/dl) 128.05 ± 34.19 125.29 ± 32.61 0.606 (NS) 
S = significant (p= <0.05), NS = non-significant (p >0.05) 
 

Table 3A: Clinical and Biochemical characteristics of patients with different grades of ultrasonographic liver 
steatosis in male subjects. 

 Male Subjects  
Parameter Ultrasonographic Grade Of Liver Steatosis P value 
 Absent(n=32) Mild (n=66) Moderate (n=31) Severe (n=5)  
AGE 45.97±9.41 46.27 ± 9.23 45.19 ± 8.64 49.60 ± 7.80 0.939 
HEIGHT 1.69±0.04 1.68 ± 0.05 1.66 ± 0.04 1.59 ± 0.05 0.06 
WEIGHT 69.20±4.09 71.31 ± 4.75 71.71 ± 4.05 73.10 ± 5.04 0.01 
BMI 24.29±1.04 25.29 ± 1.17 25.99 ± 1.21 28.90 ± 1.04 0.0000 
WAIST.CF 92.58±1.50 93.18 ± 1.43 93.76 ± 1.66 98 ± 0.94 0.004 
SBP 135.44±8.32 142.39 ± 10.46 146 ± 13.67 141.20 ± 4.82 0.0003 
DBP 85.94±8.25 88.67 ± 6.35 87.48 ± 7.76 92 ± 5.29 0.08 
FBS 94.28±12.72 96.70 ± 14.89 99.87 ± 15.06 104.60 ± 28.91 0.22 
SGOT 31.56±4.91 32 ± 5.28 32.13 ± 7.02 50.60 ± 6.88 0.305 
SGPT 31.78±8.63 55.45 ± 8.87 74.35 ± 24.32 115 ± 16.69 0.0000 
TC 153.26±33.85 146.53 ± 30.94 151.42 ± 32.84 169.78 ± 34.35 0.531 
HDL 38.37±7.78 35.53 ± 8.04 37.10 ± 8.55 30.76 ± 6.79 0.12 
LDL 98.73±16.18 102.72 ± 21.03 99.02 ± 20.71 119.52 ± 23.93 0.368 
TG 126.96 ± 35.18 127.73 ± 37.63 124.36 ± 34.21 141.22 ± 30.02 0.955 
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Table 3B: Clinical and Biochemical characteristics of patients with different grades of ultrasonographic liver 
steatosis in Female Subjects 

                                       Female Subjects  
Parameter                    Ultrasonographic Grade of Liver Steatosis  ‘p’ value 
 Absent (n=23) Mild (n=31) Moderate (n=10) Severe (n=2)                  
AGE 43.74 ± 6.70 45.35 ± 8.80 49.30 ± 9.30 58.00 ± 2.83                    0.153 
HEIGHT 1.63 ± 0.07 1.61 ± 0.06 1.61 ± 0.06 1.64 ± 0.14                      0.302 
WEIGHT 65.46 ± 5.07 67.31 ± 4.88 71.45 ± 5.46 80.00 ± 9.19                   0.022 
BMI 24.57 ± 0.93 25.89 ± 1.18 27.42 ± 1.53 29.78 ± 1.71                   < 0.0000 
WAIST.CF 84.54 ± 1.80 85.24 ± 2.33 86.20 ± 2.97 90.50 ± 0.00                  0.039 
SBP 140.09 ± 5.61 138.77 ± 11.20 144.20 ± 11.09 144.0 ± 11.31                0.938 
DBP 89.91 ± 5.27  87.03 ± 9.15 86.60 ± 7.95 91 ± 1.41                  0.16 
FBS 92.26 ± 5.93 100.48 ± 18.66 95.80 ± 16.86 100.50 ± 12.02               0.06 
SGOT 31.22 ± 5.42 30.77 ± 6.48 35.40 ± 3.50 50.00 ± 1.41                    < 0.375 
SGPT 29.35 ± 5.24 52.16 ± 8.65 73.10 ± 12.00 134.50 ± 4.95                 0.0000 
TC 150.07 ± 35.94  157.27 ± 28.05  162.26 ± 31.06 141.70 ± 24.61                0.346 
HDL 42.10 ± 8.20 35.38 ± 8.24 39.78 ± 8.90 28.50 ± 8.63                    0.007 
LDL 93.39 ± 23.77 106.57 ± 21.20 103.01 ± 20.00 101.60 ± 29.13                0.03 
TG 122.97 ± 29.25 122.22 ± 28.99 149.11 ± 31.88 97.75 ± 0.35                     0.58 
 

Table 4: Mean AST and ALT levels depending on the degree of steatosis in the study group 
Parameter Grade of Fatty Liver 
 0 (absent) 1 (mild) 2 (moderate) 3 (severe) 
AST (U/L) (SGOT) 31.42 ± 5.08 31.61 ± 5.68 32.93 ± 6.46 50.43 ± 5.65 
ALT (U/L) (SGPT) 30.76 ± 7.44 54.40 ± 8.89 74.05 ± 21.8 120.57 ± 16.74 
 

Table 5: Correlation between Fatty Liver and components of Metabolic Syndrome 
Parameter Fatty liver Absent (n=55) 

 No. (%) 
Fatty liver Present (n=145) 
 No. (%) 

‘P’ VALUE  (by chi-
square) 

1.DM 
Present 12 (21.8) 64 (44.1)  0.0036 
Absent 43 (78.2) 81 (55.9) 
Total 55 (100) 145 (100) 
2. Hypertension 
Present  40 (72.7) 106 (73.1)  0.95 
Absent  15 (27.3) 39  (26.9) 
Total 55 (100) 145 (100) 
3.TG (mg/dl) 
>150 18 (32.7) 52 (35.9)  0.68   
<150 37 (67.3) 93 (64.1) 
Total 55 (100) 145 (100) 
4.HDL (mg/dl) 
<40 or <50 46 (83.6) 113 (77.9)  0.37 
>40 or >50 9  (16.4) 32  (22.1) 
Total 55 (100) 145 (100) 
 

Table 6: Metabolic Syndrome and Fatty Liver 
No. of Metabolic Syndrome 
Components 

Fatty liver Absent (n=55 ) 
No. (%) 

Fatty liver Present (n=145 ) 
No. (%) 

 3 51 (92.7) 112 (77.2) 
 4  4 (7.3) 26 (17.9) 
 5 0 (0) 7 (4.9) 
Total 55 (100) 145 (100) 
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Table 7: Correlation coefficient between Fatty Liver and Risk factor 
Risk Factor Correlation Coefficient (Ɣ) 
SBP 0.10 
DBP 0.04 
Fasting blood sugar 0.15 
Waist circumference 0.30 
BMI 0.60 
Age 0.10 
 

 

  
Figure 1: Mean AST Level Depending on the Degree of 

Steatosis 
Figure 2: Mean ALT Level Depending on the Degree of 

Steatosis 
 
This study was conducted over two years to determine 
the prevalence of MASLD in MetS and its correlation 
with liver enzyme elevation. Out of 200 cases, 67% (n = 
134) were male and 33% (n = 66) female. The mean age 
was 46.07 ± 8.66 years, with 39% aged 46-55 years, 
17% between 25-35 years and 30% between 36-45 
years. 13.5% were aged 56-65 years and 1 was under 25 
years. The mean age of males was 46.21 ± 8.80 years 
and females was 45.77 ± 8.66 years. 

Using the modified BMI for Asians, 47% (n = 94) were 
overweight (BMI 23-24.99 kg/m²), 51.5% (n = 103) 
were obese class 1 (BMI 25-29.99 kg/m²) and 3 had 
BMI >30 kg/m².  

The mean BMI was 25.49 ± 1.53 kg/m². All participants 
had abnormal waist circumference (>90 cm in males, 
>80 cm in females) as per IDF criteria for South Asians.  

The mean diastolic blood pressure (DBP) was 87.94 ± 
7.35 mm Hg, and systolic (SBP) was 139.12 ± 9.13 mm 
Hg. 34.5% (n = 69) had abnormal fasting blood sugar 
(>100 mg/dl), with a mean of 97.07 ± 15.07 mg/dl. 35% 
had abnormal triglycerides (>150 mg/dl), with an 
average level of 127.29 ± 33.70 mg/dl. 79.5% had 
abnormal HDL levels (mean 37.15 ± 8.08 mg/dl), and 
73% had hypertension, 38% had diabetes, and 35% had 
elevated triglycerides. 

Of the 200 subjects, 48.5% had grade 1 fatty liver, 
20.5% had grade 2, 3.5% had grade 3 and 27.5% had no 
fatty liver. The gender-specific prevalence of fatty liver 
grades is shown in (Table 1). 

On comparison between the two patient groups (with 
MASLD and without MASLD), the difference in 
clinical and biochemical characteristics was statistically 
significant except for age, height, DBP, AST levels, 
Total cholesterol (TC) and Triglycerides levels as 
shown in (Table 2). 

Comparing clinical and biochemical data across 
genders, increasing steatosis severity showed significant 
increases in body weight, BMI, waist circumference 
and SGPT in both sexes. In males, SBP was positively 
associated with liver steatosis, while in females, HDL 
and LDL cholesterol levels were significantly linked to 
the degree of fatty infiltration (Table 3A & 3B). 

While comparing the mean AST and ALT levels with 
the degree of steatosis it was noticed that AST and ALT 
values increase directly proportional to the increase of 
the degree of hepatic steatosis with a positive 
correlation. Correlation coefficient was 0.31 and 0.83 
for AST and ALT respectively (Table 4).  

A significant correlation was observed between fatty 
liver and diabetes, with 64 subjects (44.1%) exhibiting 
both. A strong correlation was observed between 
abnormal HDL levels and fatty liver, with 113 subjects 
(77.9%) presenting both abnormal HDL levels and fatty 
liver. A total of 106 hypertensive subjects (73.1%) had 
fatty liver (p = 0.95), while 52 subjects (35.9%) with 
elevated triglyceride levels also had fatty liver, although 
this association was not statistically significant (Table 
5). 
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A statistically significant correlation was observed 
between the number of MetS components and fatty 
liver, with 112 patients (77.2%) having fatty liver and 
three components of MetS. Additionally, all seven 
participants with five components of metabolic 
syndrome had fatty liver, while 26 subjects with four 
components also had fatty liver (p = 0.033) (Table 6). 

Fasting blood sugar levels and systolic blood pressure 
showed clear, albeit weaker, associations with fatty 
liver that were statistically significant (p<0.05). The 
strongest correlation of fatty liver was observed with 
BMI and waist circumference, with correlation 
coefficients of 0.60 and 0.30 (p value< 0.0001 and 0.03 
respectively) (Table 7). 

DISCUSSION 

MASLD is recognized as the hepatic manifestation of 
MetS, with obesity and metabolic risk factors 
contributing to its rising prevalence. This study 
involved 200 MetS subjects diagnosed using IDF 2005 
criteria, divided into groups with and without fatty liver. 
Males (67%) outnumbered females (33%), with a mean 
age of 46.07 ± 8.66 years. Most participants were aged 
46-55 years (39%). The prevalence of MASLD was 
72.5%, higher in males (76.1%) than females (65.2%). 
Similar findings were reported by Martinez et al.19, who 
found 82.9% prevalence in MetS subjects, with 86.9% 
in males and 76.1% in females. In our study, 48.5% had 
grade 1 (mild) fatty liver, 20.5% had grade 2 (moderate) 
and 3.5% had grade 3 (severe). These figures are 
comparable to Martinez et al.19 In males, 49.3% had 
grade 1, 23.1% grade 2 and 3.7% grade 3. In females, 
47%, 15.2% and 3% had grades 1, 2, and 3, 
respectively. Kim et al.24 reported different 
distributions: 23.9% mild, 29.6% moderate, and 3.4% 
severe in males; 18.7% mild, 20% moderate and 2.2% 
severe in females. 

Our study showed mean AST and ALT levels of 32.49 
± 6.63 IU/L and 54.25 ± 23.35 IU/L, respectively. In the 
MASLD group, AST was 32.89 ± 7.11 and ALT 63.15 
± 21.03 IU/L. The difference between MASLD and 
non-MASLD was significant for ALT (p <0.0001). 
AST and ALT levels increased with steatosis, with a 
weaker correlation for AST. Kim et al.24 found 
significant associations with ALT and γ-GT in men but 
no association with AST in either gender. Compared to 
AST, ALT is more associated with liver fat build up 
and gluconeogenesis27, 28. Elevated ALT and AST levels 
are common in MASLD. Our study found significant 
correlations between fatty liver and diabetes, with 64 
(44.1%) subjects having both. Abnormal HDL, 
hypertension, and TG levels were also correlated with 
fatty liver, though not statistically significant. Uchil D 
et al.5 reported similar findings for blood glucose, 
hypertension and TG, but no association with low HDL. 

In this study, 81.5% had three MetS components, 15% 
had four, and 3.5% had all five. The MetS-Greece study 
found 61% with three, 29% with four, and 10% with 
five components. Common abnormalities included 

hypertension (66%) and abdominal obesity (72%), with 
53% having elevated glucose, 62% elevated TG, and 
54% low HDL29. We found that individuals with 
ultrasound-diagnosed fatty liver had more MetS 
components, with severity positively correlated to 
component number (p=0.033). Fatty liver was present 
in 77.2% of those with three components and all with 
five, supporting MASLD as the hepatic component of 
MetS5.  

A significant relationship between BMI, waist 
circumference and fatty liver was found, with 
correlation coefficients of 0.60 and 0.30 (p <0.0001 and 
0.03, respectively), supporting obesity's role in MetS 
and fatty liver. Similar results were noted by 
Amarapurkar et al.4. 

CONCLUSION 

This study highlights the rising MASLD prevalence, 
particularly in younger individuals with metabolic 
syndrome in India. Elevated liver enzymes and 
ultrasonography are crucial for assessing MASLD 
severity, emphasizing the need for regular monitoring. 
Mild enzyme elevations may signal liver issues. The 
growing prevalence of low HDL and hypertension in 
rural populations requires further investigation. Fatty 
liver with elevated enzymes is a key marker of 
metabolic syndrome, linked to higher risks of 
dyslipidemia, diabetes, hypertension and coronary 
disease. Early MASLD diagnosis should prompt 
proactive measures for metabolic syndrome. 
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