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Abstract: 

Background: Fatty liver disease (FLD), particularly non-alcoholic fatty liver disease (NAFLD), is a ma-

jor health problem worldwide and affects 25-38% of the adult population. Ultrasonography is one of the 

most common non invasive methods to grade hepatic steatosis as Grade I (mild), Grade II (moderate) 

and Grade III (severe). Correlation of ultrasonographic grades with biochemical parameters including 

lipid profile and coagulation markers is not well defined in Indian tertiary care settings. 

Objectives: To assess the relationship between lipid profile parameters, coagulation parameters (Pro-

thrombin time [PT] and international normalised ratio [INR]), and hepatic biochemical markers with ul-

trasonographic grades of FLD. 

Methods: This prospective observational study enrolled 100 consecutive patients in whom Ultrasonog-

raphy established a diagnosis of FLD. Steatosis grade was determined by abdominal Ultrasonography 

and fasting blood samples were analyzed for total cholesterol, triglycerides, HDL, LDL, PT and INR. 

Clinical histories were collected and biochemical parameters were compared by steatosis grades. 

Results: Grade I FLD (72%) was the most common, followed by grade II (21%) and grade III (7%). The 

most significantly affected age group was 51–65 years (35%). Total cholesterol (139.7, 174.1, 174.4 

mg/dL), triglycerides (147.1, 157.4, 238.1 mg/dL), LDL cholesterol (82.0, 96.4, 101.5 mg/dL) and 

LDL/HDL ratio (2.45, 2.84, 3.16) progressively increased from Grade I to III. HDL levels were low in 

all grades (35.0-37.4 mg/dL). INR had a significant grade dependent increase (1.50, 2.39, 3.15). PT in-

creased from 18.3 sec in Grade I to 21.1 sec in Grade II, indicating a worsening hepatic synthetic dys-
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function. The most severe abnormalities were found in patients with liver failure and alcoholic liver dis-

ease. 

Conclusion: Triglycerides and INR had the strongest correlation and the severity of FLD on Ultrasonog-

raphy was associated with progressive dyslipidemia and coagulation impairment. Routine testing of li-

pids and coagulation may improve risk stratification and clinical management of FLD. 

 

Keywords: Fatty liver disease; NAFLD; Ultrasonography; Lipid profile; Prothrombin time; INR; 

Hepatic profile; Liver steatosis; Dyslipidemia; Hepatic fibrosis 

 

1. Introduction 

Fatty liver disease (FLD) has become one of the most common chronic liver diseases worldwide, from 

simple hepatic steatosis to non-alcoholic steatohepatitis (NASH), to advanced fibrosis, cirrhosis and 

hepatocellular carcinoma. Non-alcoholic fatty liver disease (NAFLD) characterized by hepatic fat 

accumulation > 5% of liver weight in the absence of significant alcohol consumption, viral hepatitis or 

other secondary causes is now estimated to affect 25-38% of the world’s adult population. It is the most 

common liver disease in the world in both developed and developing countries. [1]  

In India epidemiological data suggest a rapidly increasing burden of NAFLD with prevalence estimates 

ranging from 9% to 32% in the general population and considerably higher rates among subjects with 

metabolic comorbidities like obesity, type 2 diabetes mellitus, dyslipidemia and hypertension.[2] This 

increase has been driven by urbanization, sedentary lifestyles, calorically dense diets, and the concurrent 

epidemic of metabolic syndrome.[3] Tertiary care hospitals are affected more than others as patients are 

often admitted at advanced stages because of the insidious and largely asymptomatic nature of early 

stage hepatic steatosis. 

The Pathophysiology of NAFLD is complex and not completely understood. The widely accepted “two-

hit hypothesis” proposes that insulin resistance causes initial hepatic triglyceride accumulation (first hit), 

which sensitizes the liver to oxidative stress, mitochondrial dysfunction, lipid peroxidation, and 

inflammatory cascades (second hit), ultimately leading to NASH and fibrosis. [4]   

More recently, models have invoked a ‘multiple parallel hits’ paradigm in which genetic predisposition, 

gut dysbiosis, adipokine dysregulation, endoplasmic reticulum stress and innate immune activation 

synergistically promote disease progression. [5] Central to this pathogenesis is dyslipidemia especially 

elevated serum triglycerides, elevated LDL, and reduced HDL which reflects and perpetuates hepatic 

lipotoxicity.[6]  

Deranged coagulation parameters, particularly prolonged Prothrombin time (PT) and elevated 

international normalised ratio (INR), are well recognised sequelae of hepatocellular dysfunction and 

synthetic failure in advanced liver disease.[7] However, the association of gut microbiota with early to 

moderate ultrasonographic grades of fatty liver is an area of active investigation.[8] Similarly, hepatic 

biochemical markers such as serum ALT, AST, GGT, ALP, total and direct bilirubin, serum albumin 

and total protein are surrogate markers of hepatocyte injury and also markers of hepatic functional 

reserve.[9]  

Abdominal Ultrasonography is the most commonly used, non invasive, cost effective imaging modality 

in diagnosis and grading of hepatic steatosis. Fatty liver is graded into Grade I (mild), Grade II 

(moderate) and Grade III (severe) based on echogenicity, hepatorenal contrast, posterior beam 
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attenuation and diaphragm visualization.[10]  Liver biopsy is the histological gold standard but 

ultrasonographic grading is a practical alternative especially in resource limited tertiary care settings.[11]  

In the Indian tertiary care setting, there is a paucity of prospective studies systematically evaluating the 

concurrent associations of lipid profile, coagulation parameters (PT, INR), and a complete hepatic bio-

chemical profile with ultrasonographically defined grades of fatty liver disease.[12]  Therefore, this pre-

sent prospective observational study was planned to assess these associations in patients attending a ter-

tiary care hospital. 

 

LITERATURE REVIEW 

2.1 Epidemiology and Global Burden of NAFLD 

A landmark systematic review and metanalysis by Younossi et al. (2016) analyzed 86 studies including 

more than eight million subjects and reported a global NAFLD prevalence of 25.24% (95% CI: 22.10-

28.65%), with the highest estimates in the Middle East (31.79%) and South America (30.45%), and a 

substantial burden across Asia (27.37%) and North America (24.13%).[13]  

Duseja et al, in India, reported prevalence of NAFLD ranging from about 16-32% in urban adults .[14] A 

multicentre Indian study by Amarapurkar et al. (2007) found NAFLD to be present in 28.9% of people 

undergoing routine ultrasound evaluation.[15] The INASL consensus statement underscored the rising 

burden of NAFLD in India and advocated for standardized approaches to diagnosis and management.[16] 

 

2.2 Ultrasonographic Grading of Hepatic Steatosis 

Dasarathy et al. (2009) assessed the diagnostic precision of ultrasound in 200 biopsy-proven NAFLD 

patients and found a sensitivity of 85% and specificity of 94% for detection of steatosis >30% of 

hepatocytes (κ = 0.67).[17] Ballestri et al. (2022) reiterated the utility of ultrasound in a systematic review 

of 19 studies, with constraints in identifying mild steatosis below 20-30%.[18] 

 

2.3 Lipid Profile and Ultrasonographic Fatty Liver Grades 

Hypertriglyceridaemia and low HDL were the most consistently elevated lipid abnormalities in NAFLD, 

independent of diabetes or obesity (Marchesini et al .[19] Chitturi et al. also demonstrated a positive 

correlation between serum triglycerides and the grade of histological steatosis.[20] In a prospective study 

from India, Bhatt et al. (2017) reported stepwise increase in total cholesterol, LDL and triglycerides 

across ultrasonographic grades I-III (p<0.05).[21] Arora et al., (2012) reported that LDL and total 

cholesterol to HDL ratio were independent predictors of higher ultrasonographic grade.[22] 

 

2.4 Prothrombin Time, INR, and Hepatic Synthetic Function 

Angulo et al. (2007) found that INR was substantially greater in patients with NAFLD who had 

advanced fibrosis (F3-F4) compared with initial stages of disease.[23] Shah et al. (2009) demonstrated a 

significant association of PT prolongation with the degree of hepatocyte ballooning and lobular 

inflammation on histological assessment.[24] Patel et al. reported that INR increased stepwise with 

increasing ultrasonographic grades (Grade I: 1.02 ± 0.06; Grade II: 1.08 ± 0.09; Grade III: 1.18 ± 0.14; p 

< 0.01).[25] 

https://www.ijtas.com/


 

International Journal of Technology and Applied Science (IJTAS) 

E-ISSN: 2230-9004   ●   Website: www.ijtas.com   ●   Email: editor@ijtas.com 

 

IJTAS26091395 Volume 17, Issue 9, September 2026 4 

 

 

2.5 Hepatic Biochemical Profile and Fatty Liver Grading 

Mofrad et al. (2003) showed that up to 59% of patients with biopsy proven NAFLD had normal serum 

aminotransferase, prompting questions regarding the efficacy of enzyme based screening.[26] Guha et al. 

(2006) reported correlation between ALT and ultrasonographic steatosis grade (r = 0.43, p < 0.001), 

plateauing at Grade III, possibly reflecting reduced hepatocyte mass.[27] In a north Indian tertiary centre, 

Verma et al. (2013) reported progressively lower serum albumin levels with increasing ultrasonographic 

grades.[28] 

 

2.6 Metabolic Syndrome and Comorbid Associations 

Eckel et al. (2005) and NCEP-ATP III criteria have shown that hepatic steatosis is a consequence and an 

independent promoter of insulin resistance and cardiovascular risk.[29] NAFLD patients with more severe 

grades in Ultrasonography had increased carotid intima media thickness independent of traditional car-

diovascular risk factors, showed Targher et al.[30] Mishra et al. emphasised the exceptionally high burden 

of NAFLD in Asian Indians due to greater visceral adiposity at lower BMI, atherogenic dyslipidemia 

and early onset of type 2 diabetes.[31] 

 

MATERIALS & METHODS 

3.1Study Design and Setting 

This study was designed as a hospital based analytical, prospective, observational, and descriptive study 

conducted in the Departments of Gastroenterology, Biochemistry, and Radio diagnosis & Imaging at Sir 

Sunderlal Hospital, Institute of Medical Sciences, Banaras Hindu University (BHU), Varanasi. 

 

3.2 Study Duration 

The study was carried out over 02 years, during which patients meeting the eligibility criteria were 

consecutively enrolled. 

 

3.3 Study Population and Sample Size 

In the present analysis, 103 patients were evaluated from Eastern Uttar Pradesh. Patients of all 

Ultrasonography grades of fatty liver (Grade 1, Grade 2, and Grade 3) were included. 

Fatty liver disease was diagnosed: 

❖ Clinically, based on history and examination  

❖ Radiologically, using Ultrasonography (USG) of the liver  

❖ Biochemically, supported by lipid profile and liver function tests (LFTs)  

Both alcoholic and non alcoholic cases were initially considered, but only eligible patients fulfilling 

inclusion criteria were enrolled. 

Inclusion Criteria 

❖ Patients of either sex, aged 20-80 years  

❖ Non alcoholic patients  

❖ Patients with Ultrasonography confirmation of fatty liver  

❖ Patients with supportive lipid profile findings  

❖ Patients with liver function test (LFT) confirmation  
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Exclusion Criteria 

❖ Patients with conditions affecting lipid metabolism or liver status, including:  

➢ History of liver failure  

➢ History of liver cirrhosis  

❖ Alcoholic patients  

Data Collection 

After obtaining informed consent, the following data were collected: 

Demographic Data 

❖ Age  

❖ Sex  

Laboratory Parameters 

❖ Coagulation Profile:  

➢ Prothrombin Time (PT)  

➢ International Normalized Ratio (INR)  

❖ Haematological Parameters:  

➢ Haemoglobin (Hb.)  

➢ Total Leukocyte Count (TLC)  

➢ Differential Leukocyte Count (DLC)  

➢ Platelet Count  

➢ Mean Corpuscular Volume (MCV)  

❖ Glycaemic Parameters:  

➢ Random Blood Sugar (RBS)  

➢ Glycated Haemoglobin (HbA1c)  

Radiological Assessment 

❖ Ultrasonography (USG) was used to grade fatty liver into:  

➢ Grade 1 (Mild)  

➢ Grade 2 (Moderate)  

➢ Grade 3 (Severe)  

Ethical Considerations 

The study was conducted following approval from the Institutional Ethics Committee. An informed 

written consent was obtained from all participants. 

❖ Consent forms were provided in both Hindi and English to ensure clear understanding.  

❖ In cases where participants were unable to consent, consent was obtained from legally acceptable 

relatives.  

Statistical Analysis  

 

Data were entered and analyzed using appropriate statistical software (SPSS-24). 

❖ Descriptive statistics were used to summarize demographic and clinical variables.  

❖ Mean values of laboratory parameters were compared across different grades of fatty liver.  
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RESULT 

4.1 Age Distribution of Study Participants 

A total of 100 patients with confirmed fatty liver disease on Ultrasonography were enrolled. The 

participants were divided into four age groups: 20 to 34, 35 to 49, 50 to 64, and ≥65 years. The largest 

percentage of the study cohort was the 51-65 year age group at 35% of the cohort, followed by the 36-50 

year group (32%), then the 20-35 year group (21%), and then those above 65 years (12%). Age wise 

distribution is shown in Table 1. These results suggest that fatty liver disease is a disease of middle-aged 

to older adults, consistent with the knowledge that older age, metabolic deterioration and hepatic 

steatosis are interrelated. 

 

Table 1: Age Group Distribution of Study Participants (n = 100) 

Age Group Frequency (n) Percent (%) Valid Percent (%) 

20–35 years 21 21.0 21.0 

36–50 years 32 32.0 32.0 

51–65 years 35 35.0 35.0 

>65 years 12 12.0 12.0 

 

4.2 Distribution of Fatty Liver Grades by Clinical History 

The distribution of patients across ultrasonographic grades of fatty liver disease (Grade 1  mild, Grade 2  

moderate, Grade 3  severe) stratified by clinical history is summarized in Table 2. The majority of 

patients were in the Grade 1 category (78 out of 100), Grade 2 and Grade 3 consisted of 21 and 7 

patients respectively.   

In patients without significant clinical history, 60 had Grade 1, 13 had Grade 2, and 5 had Grade 3 fatty 

liver, indicating that subclinical or de novo hepatic steatosis predominates in the absence of underlying 

liver disease. Hepatitis patients had 3 cases in Grade 1 and 1 case in Grade 2, with no Grade 3 cases, 

indicating relatively intact liver architecture at this stage. Similarly, patients with cirrhosis were 

distributed as 3 in Grade 1 and 1 in Grade 2, with no patients in Grade 3 probably because of exclusion 

of advanced cirrhotic patients as per study protocol.   

Notably, patients with a history of liver failure (n = 2) were exclusively in Grade 1, which may be 

reflective of the inclusion of patients presenting at an early compensated stage. The alcoholic subgroup 

showed a different distribution with a relatively higher prevalence of Grade 2 (6 patients) and Grade 3 (2 

patients) compared to the other clinical subgroups, emphasizing the role of ongoing hepatotoxic alcohol 

exposure in accelerating steatosis progression. 

 

Table 2: Distribution of Fatty Liver Grade by Clinical History 

Clinical History Grade 1 (Mild) Grade 2 (Moderate) Grade 3 (Severe) 

No Clinical History 60 13 5 

Hepatitis 3 1 0 
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Clinical History Grade 1 (Mild) Grade 2 (Moderate) Grade 3 (Severe) 

Liver Failure 2 0 0 

Cirrhosis 3 1 0 

Alcoholic 4 6 2 

 

4.3 Biochemical Parameters across Ultrasonographic Grades of Fatty Liver 

Table 3: Mean values of lipid profile parameters, coagulation indices and other biochemical markers 

according to ultrasonographic grade. 

Total cholesterol: Mean total cholesterol progressive increase across grades from 139.73 mg/dL in Grade 

1 to 174.07 mg/dL in Grade 2 and 174.43 mg/dL in Grade 3 was observed. This progressive increase 

reflects a worsening of hepatic lipid dysregulation with increasing severity of steatosis. 

Triglycerides: Mean triglyceride levels showed the most striking grade dependent increase among all 

lipid parameters 147.1 mg/dL in Grade 1, 157.4 mg/dL in Grade 2 and 238.1 mg/dL in Grade 3. 

Hypertriglyceridaemia as a hallmark of advanced hepatic steatosis is underlined by the near 90 mg/dL 

increase between Grade 2 and Grade 3.  

HDL Cholesterol: Low levels of HDL were consistent and persistent in all three grades 36.3 mg/dL 

(Grade 1), 37.4 mg/dL (Grade 2), and 35.0 mg/dL (Grade 3) suggesting chronic HDL suppression 

independent of the grade of steatosis and most likely related to underlying insulin resistance and 

dyslipidemia.  

LDL Cholesterol: The mean LDL cholesterol showed a consistent stepwise rise from 82.04 mg/dL in 

Grade 1, 96.36 mg/dL in Grade 2, and 101.50 mg/dL in Grade 3. This progressive elevation is in parallel 

with the increasing severity of steatosis and associated hepatocellular lipotoxicity.  

LDL/HDL Ratio: The LDL/HDL ratio, a well-established marker of atherogenic dyslipidemia, increased 

progressively from 2.451 in Grade 1 to 2.839 in Grade 2 and 3.156 in Grade 3, reinforcing the increasing 

cardiovascular risk burden with advancing steatosis. 

Prothrombin Time (PT): The mean PT elevated from 18.3 seconds in Grade 1 to 21.1 seconds in Grade 

2. However, the mean PT for Grade 3 (19.7 seconds) was slightly lower than Grade 2, perhaps reflecting 

the small sample size (n = 7) of Grade 3, or confounders concurrent with this subset. However, PT 

prolongation through the grades indicates progressive hepatic synthetic dysfunction. 

  

INR: INR increased in a clinically significant and incremental manner across grades from 1.50 in Grade 

1, 2.39 in Grade 2, and 3.15 in Grade 3. This monotonic increase is the most evident trend observed 

across all biochemical parameters and is highly suggestive of a sequential impairment of hepatic 

coagulation factor synthesis with increasing ultrasonographic steatosis grade. 

 

Table 3: Mean Biochemical Parameters by Ultrasonographic Fatty Liver Grade 

Lab Parameter Grade 1 Mean Grade 2 Mean Grade 3 Mean 

Total Cholesterol (mg/dL) 139.73 174.07 174.43 

Triglycerides (mg/dL) 147.1 157.4 238.1 
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Lab Parameter Grade 1 Mean Grade 2 Mean Grade 3 Mean 

HDL Cholesterol (mg/dL) 36.3 37.4 35.0 

LDL Cholesterol (mg/dL) 82.04 96.36 101.50 

LDL/HDL Ratio 2.451 2.839 3.156 

Prothrombin Time (s) 18.3 21.1 19.7 

INR 1.50 2.39 3.15 

 

4.4 Biochemical Parameters across Age Groups 

The mean biochemical parameters stratified by age group are presented in Table 4. The highest total 

cholesterol was in the youngest (20-35 years: 161.76 mg/dL) and oldest (>65 years: 169.67 mg/dL) age 

groups, while the lowest value was in the 36-50 year group (132.47 mg/dL). Triglyceride levels were 

highest in the 20-35 year group (193.8 mg/dL) indicating early onset Hypertriglyceridaemia in younger 

patients with fatty liver disease.  

 

HDL cholesterol showed a decreasing trend with increasing age 40.5 mg/dL (20-35 year group) falling 

to 33.3 mg/dL (51-65 year group) before a slight recovery to 38.8 mg/dL (>65 year group). LDL 

cholesterol was significantly higher in the >65 year group (110.00 mg/dL) than other age groups, 

indicating an increasing atherogenic burden in the elderly subgroup. Similarly, the LDL/HDL ratio was 

highest in the >65 year group (3.063) followed by the 51-65 year group (2.635). 

  

The Prothrombin time was significantly prolonged in the 36-50 year group (22.5 seconds) and the INR 

was highest in this same group (2.65), suggesting a possibly greater prevalence of significant hepatic 

synthetic dysfunction or comorbid conditions (such as alcoholic liver disease) in this middle aged 

cohort. The lowest INR values were found in the youngest and oldest groups (1.40 and 1.24, 

respectively). 

 

Table 4: Mean Biochemical Parameters by Age Group 

Lab Parameter 20–35 yr 36–50 yr 51–65 yr >65 yr 

Total Cholesterol (mg/dL) 161.76 132.47 150.42 169.67 

Triglycerides (mg/dL) 193.8 140.3 139.6 176.5 

HDL Cholesterol (mg/dL) 40.5 36.4 33.3 38.8 

LDL Cholesterol (mg/dL) 92.24 79.80 80.87 110.00 

LDL/HDL Ratio 2.408 2.457 2.635 3.063 

Prothrombin Time (s) 16.8 22.5 18.3 15.8 

INR 1.40 2.65 1.46 1.24 
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4.5 Biochemical Parameters across Clinical History Subgroups 

The mean biochemical parameters according to subgroups of clinical history are shown in Table 5. Mean 

total cholesterol was 155.39 mg/dL, triglyceride was 159.9 mg/dL and INR was 1.73 in patients with no 

clinical history representing the baseline biochemical profile of primary NAFLD cohort. 

  

Overall, the liver failure subgroup showed the highest degree of metabolic abnormalities with 

significantly low total cholesterol (65.00 mg/dL) and HDL cholesterol (25.0 mg/dL) levels consistent 

with end stage hepatocyte dysfunction affecting lipoprotein synthesis. The liver failure group had the 

highest LDL/HDL ratio (3.415), which suggests a highly atherogenic lipid profile, even though the 

absolute cholesterol levels were low. PT was prolonged (29.9 seconds) and INR was highest among all 

groups (2.23) confirming severe coagulopathy secondary to hepatic synthetic failure.  

Alcoholic subgroup had significantly higher PT (26.5 seconds) and INR (2.16) indicating ongoing 

hepatocellular injury from alcohol. Total cholesterol (133.79 mg/dL) and triglycerides (146.0 mg/dL) 

were slightly lower than the no history group, consistent with alcohol-induced changes in hepatic lipid 

metabolism.  

The patients with cirrhosis had a low mean total cholesterol (130.00 mg/dL), a low HDL (30.5 mg/dL) 

and a significantly low LDL/HDL ratio (2.168), which is in agreement with the hypercholesterolemia of 

advanced chronic liver disease. Both PT (21.3 sec) and INR (1.90) were high, indicating a deficiency of 

coagulation factors in hepatic fibrosis. Moderate hepatocellular impairment was observed in patients 

with hepatitis with mild derangements total cholesterol 140.25 mg/dL, INR 1.87. 

 

Table 5: Mean Biochemical Parameters by Clinical History Subgroup 

Lab Parameter 
No Clinical 

History 
Hepatitis 

Liver 

Failure 
Cirrhosis Alcoholic 

Total Cholesterol 

(mg/dL) 
155.39 140.25 65.00 130.00 133.79 

Triglycerides (mg/dL) 159.9 165.3 120.0 110.0 146.0 

HDL Cholesterol 

(mg/dL) 
37.0 36.3 25.0 30.5 36.8 

LDL Cholesterol 

(mg/dL) 
90.21 82.50 82.50 67.00 70.13 

LDL/HDL Ratio 2.607 2.295 3.415 2.168 2.513 

Prothrombin Time (s) 17.4 21.2 29.9 21.3 26.5 

INR 1.73 1.87 2.23 1.90 2.16 
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DISCUSSION 

The present prospective observational study was conducted to evaluate the association of lipid profile, 

Prothrombin time (PT) and INR with ultrasonographic grades of fatty liver disease in 100 patients at a 

tertiary care center in Eastern Uttar Pradesh. The results show biochemical abnormalities that are 

consistent and grade dependent in all the parameters studied. 

 

5.1 Age Distribution 

The 51-65 year age group was most affected (35%), consistent with the well established predilection of 

NAFLD for middle aged adults due to progressive insulin resistance and metabolic deterioration.[32] 

Notably, 21% of patients were in the 20-35 year group, reflecting the rising trend of early onset fatty 

liver disease in young Indian adults, attributed to increasing visceral adiposity at lower BMI thresholds, 

sedentary lifestyles, and the metabolic transition in this population.[33] 

 

5.2 Lipid Profile and Ultrasonographic Grade 

Total cholesterol, triglycerides, LDL cholesterol and LDL/HDL ratio increased stepwise from grade 1 to 

grade 3. HDL cholesterol remained persistently low in all grades. These results are in agreement with the 

previous literature. The most constant lipid abnormalities in NAFLD independent of obesity and 

diabetes are Hypertriglyceridaemia and low HDL as shown by Marchesini et al.[19]. Similarly, Indian 

subjects in ultrasonographic grades I-III showed gradual increase in total cholesterol, LDL and 

triglycerides (p<0.05) as reported by Bhatt et al.[21] and directly substantiate our findings. Chitturi et 

al.[20] reported a positive correlation between serum triglycerides and histological grade of steatosis.  

Triglycerides exhibited the most striking grade dependent increase in the present study from 147.1 

mg/dL (Grade 1) to 238.1 mg/dL (Grade 3) reflecting accelerating hepatic lipotoxicity, consistent with 

the pathophysiological framework proposed by Tilg and Moschen .[34] At Grade 3, the LDL/HDL ratio 

was >3.0, indicating a significantly atherogenic lipid profile at this stage, as described by Eckel et al.[29] 

and Targher et al.[30], who linked higher grades of ultrasonographic steatosis with increased 

cardiovascular risk. The consistent suppression of HDL in all the grades without any significant grade 

dependent trend, is in line with Ramesh et al. (2022),[35] who reported a uniform HDL suppression in 

Indian NAFLD patients independent of steatosis severity and indicative of chronic insulin resistance 

driven HDL catabolism rather than a grade progressive phenomenon. 

 

5.3 Coagulation Parameters and Ultrasonographic Grade 

The highest increase with increasing grade that was found to be of clinical importance and 

monotonically increasing was INR: 1.50 (Grade 1), 2.39 (Grade 2), and 3.15 (Grade 3). PT also 

increased from 18.3 s (Grade 1) to 21.1 s (Grade 2). These findings suggest progressive hepatic synthetic 

dysfunction with increasing steatosis. Angulo et al. [23] reported a significant increase of INR in NAFLD 

patients with advanced fibrosis, and Shah et al. [24] showed that PT prolongation correlated with 

histological hepatocellular injury. Jachs M et al. [37] confirmed INR elevation as a reliable predictor of 

hepatic decompensation. Bozic D and Babic A [36] characterized coagulopathy as an integral marker of 

progressive chronic liver disease. The INR values in the present cohort were higher than the reported 

values by Patel et al.[25] (Grade I: 1.02; Grade III: 1.18). This may be because the present study 

population was a tertiary referral population, with a wider spectrum of clinical history, and the 

phenotypic characteristics of Indian NAFLD patients as discussed by Siddiqui and Bhatt.[38] The 
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relatively mild attenuation of Grade 3 PT (19.7 s) versus Grade 2 is probably due to the small size of the 

Grade 3 subgroup (n=7) and other confounding variables and should be interpreted with caution. 

 

5.4 Clinical History Subgroup Analysis 

Patients with liver failure had the most severe derangements total cholesterol 65.0 mg/dL, HDL 25.0 

mg/dL, PT 29.9 s, and INR 2.23 consistent with end stage hepatocellular synthetic failure as described 

by Méndez-Sánchez et al.[40] and Bozic D and Babic A.[36] Alcoholic patients similarly showed elevated 

PT (26.5 s) and INR (2.16), reflecting alcohol mediated coagulation factor impairment. Cirrhotic 

patients exhibited characteristic hypocholesterolaemia (130.0 mg/dL) with elevated coagulation indices, 

consistent with hepatic synthetic failure of advanced fibrosis, as documented by Verma et al.[28] 

 

5.5 Limitations 

The study has sample size of 100 patients limits subgroup statistical power; histological confirmation by 

liver biopsy was not performed, with Ultrasonography serving as the grading surrogate acknowledging 

its limitations for mild steatosis (<20-30%) as noted by Ballestri et al.;[40] and formal inferential statisti-

cal testing with multivariate adjustment for BMI, diabetes, and medication history was not performed. 

Future larger studies with histological correlation and multivariate analysis are warranted. 

 

CONCLUSION 

The present study demonstrates a consistent, grade dependent escalation in total cholesterol, triglycer-

ides, LDL cholesterol, LDL/HDL ratio, PT, and INR with increasing ultrasonographic severity of fatty 

liver disease, with triglycerides and INR showing the most pronounced increases. HDL cholesterol re-

mained persistently suppressed across all grades, reflecting a chronic atherogenic milieu irrespective of 

steatosis severity. The highest biochemical burden was observed in the 51- 65 and >65 year groups, 

while liver failure and alcoholic liver disease patients exhibited the most severe coagulation and lipid 

derangements. These findings support the routine integration of lipid profile and coagulation parameters 

into the biochemical workup of all patients with ultrasonographically confirmed fatty liver disease, ena-

bling non invasive risk stratification and timely therapeutic intervention. Larger prospective studies with 

histological correlation and multivariate analysis are recommended to validate grade specific biochemi-

cal thresholds for clinical decision making. 

 

Declaration by Authors 

Conflict of Interest: The authors declare no conflict of interest related to this study. There are no finan-

cial, personal, or professional relationships that could be construed to have influenced the design, data 

collection, analysis, interpretation, or reporting of the findings in this research. 

Use of Artificial Intelligence: I declare that Artificial Intelligence (AI) tools were used only to assist 

with language refinement, grammar correction, and formatting of this research manuscript. The research 

design, data collection, analysis, interpretation, and conclusions are entirely my original work and re-

main my sole responsibility. 

 

 

 

 

https://www.ijtas.com/


 

International Journal of Technology and Applied Science (IJTAS) 

E-ISSN: 2230-9004   ●   Website: www.ijtas.com   ●   Email: editor@ijtas.com 

 

IJTAS26091395 Volume 17, Issue 9, September 2026 12 

 

REFERENCES: 

1. Tang FC, Li RH, Huang JH. Unraveling the Connection between Fatty Liver Severity with Gen-

der, Lifestyle, and Health Risks among Workers. Nutrients. 2023 Nov 13;15(22):4765. doi: 

10.3390/nu15224765. PMID: 38004157; PMCID: PMC10675491. 

2. Shalimar, Elhence A, Bansal B, Gupta H, Anand A, Singh TP, Goel A. Prevalence of Non-

alcoholic Fatty Liver Disease in India: A Systematic Review and Meta-analysis. J Clin Exp Hepa-

tol. 2022 May-Jun;12(3):818-829. doi: 10.1016/j.jceh.2021.11.010. Epub 2021 Nov 25. PMID: 

35677499; PMCID: PMC9168741. 

3. Patel AB. Non-alcoholic fatty liver disease: Clinical and public health perspectives. Indian J Med 

Sci. doi: 10.25259/ IJMS_306_2025 

4. Chen Y, Varghese Z, Ruan XZ. The molecular pathogenic role of inflammatory stress in dysregu-

lation of lipid homeostasis and hepatic steatosis. Genes Dis. 2014 Jul 27;1(1):106-112. doi: 

10.1016/j.gendis.2014.07.007. PMID: 30258859; PMCID: PMC6150078. 

5. Benegiamo G, von Alvensleben GVG, Rodríguez-López S, Goeminne LJE, Bachmann AM, Mo-

rel JD, Broeckx E, Ma JY, Carreira V, Youssef SA, Azhar N, Reilly DF, D'Aquino K, Mullican S, 

Bou-Sleiman M, Auwerx J. The genetic background shapes the susceptibility to mitochondrial 

dysfunction and NASH progression. J Exp Med. 2023 Apr 3;220(4):e20221738. doi: 

10.1084/jem.20221738. Epub 2023 Feb 14. PMID: 36787127; PMCID: PMC9960245. 

6. Chatrath H, Vuppalanchi R, Chalasani N. Dyslipidemia in patients with nonalcoholic fatty liver 

disease. Semin Liver Dis. 2012 Feb;32(1):22-9. doi: 10.1055/s-0032-1306423. Epub 2012 Mar 

13. PMID: 22418885; PMCID: PMC3654545. 

7. Verbeek TA, Stine JG, Saner FH, Bezinover D. Hypercoagulability in End-stage Liver Disease: 

Review of Epidemiology, Etiology, and Management. Transplant Direct. 2018 Oct 26;4(11):e403. 

doi: 10.1097/TXD.0000000000000843. PMID: 30534594; PMCID: PMC6233657. 

8. Bucci T, Nabrdalik K, Baratta F, Pastori D, Pignatelli P, Hydes T, Alam U, Violi F, Lip GYH. 

Risk of Adverse Events in Anticoagulated Patients With Atrial Fibrillation and Nonalcoholic Fat-

ty Liver Disease. J Clin Endocrinol Metab. 2024 Dec 18;110(1):208-217. doi: 

10.1210/clinem/dgae394. PMID: 38864452; PMCID: PMC11651694. 

9. Sharma P. Value of Liver Function Tests in Cirrhosis. J Clin Exp Hepatol. 2022 May-

Jun;12(3):948-964. doi: 10.1016/j.jceh.2021.11.004. Epub 2021 Nov 14. PMID: 35677506; 

PMCID: PMC9168739. 

10. V Sharma and K C Juglan 2020 J. Phys.: Conf. Ser. 1531 012033 

11. Sanei-Sistani S, Elahifar MA, Javadi-Nodehi S, Ansari-Moghadam A. Sonographic evaluation of 

mean carotid intima-media thickness of patients with moderate to severe nonalcoholic fatty liver 

disease. Zahedan J Res Med Sci (ZJRMS) 2013; 15(9): 10- 13. 

12. Mahale AR, Prabhu SD, Nachiappan M, Fernandes M, Ullal S. Clinical relevance of reporting fat-

ty liver on ultrasound in asymptomatic patients during routine health checkups. J Int Med Res. 

2018 Nov;46(11):4447-4454. doi: 10.1177/0300060518793039. Epub 2018 Sep 5. PMID: 

30185098; PMCID: PMC6259408. 

13. Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen C, Henry L. The global epidemiology of 

nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH): a systematic 

review. Hepatology. 2023 Apr 1;77(4):1335-1347. doi: 10.1097/HEP.0000000000000004. Epub 

2023 Jan 3. PMID: 36626630; PMCID: PMC10026948. 

https://www.ijtas.com/


 

International Journal of Technology and Applied Science (IJTAS) 

E-ISSN: 2230-9004   ●   Website: www.ijtas.com   ●   Email: editor@ijtas.com 

 

IJTAS26091395 Volume 17, Issue 9, September 2026 13 

 

14. Duseja A, Chalasani N. Epidemiology and risk factors of nonalcoholic fatty liver disease 

(NAFLD). Hepatol Int. 2013 Dec;7 Suppl 2:755-64. doi: 10.1007/s12072-013-9480-x. Epub 2013 

Nov 2. PMID: 26202291. 

15. Amarapurkar DN, Hashimoto E, Lesmana LA, Sollano JD, Chen PJ, Goh KL; Asia-Pacific Work-

ing Party on NAFLD. How common is non-alcoholic fatty liver disease in the Asia-Pacific region 

and are there local differences? J Gastroenterol Hepatol. 2007 Jun;22(6):788-93. doi: 

10.1111/j.1440-1746.2007.05042.x. PMID: 17565631. 

16. Duseja A, Singh SP, De A, Madan K, Rao PN, Shukla A, Choudhuri G, Saigal S, Shalimar, Arora 

A, Anand AC, Das A, Kumar A, Eapen CE, Devadas K, Shenoy KT, Panigrahi M, Wadhawan M, 

Rathi M, Kumar M, Choudhary NS, Saraf N, Nath P, Kar S, Alam S, Shah S, Nijhawan S, Achar-

ya SK, Aggarwal V, Saraswat VA, Chawla YK. Indian National Association for Study of the Liv-

er (INASL) Guidance Paper on Nomenclature, Diagnosis and Treatment of Nonalcoholic Fatty 

Liver Disease (NAFLD). J Clin Exp Hepatol. 2023 Mar-Apr;13(2):273-302. doi: 

10.1016/j.jceh.2022.11.014. Epub 2022 Dec 7. PMID: 36950481; PMCID: PMC10025685. 

17. Dasarathy S, Dasarathy J, Khiyami A, Joseph R, Lopez R, McCullough AJ. Validity of real time 

ultrasound in the diagnosis of hepatic steatosis: a prospective study. J Hepatol. 2009 

Dec;51(6):1061-7. doi: 10.1016/j.jhep.2009.09.001. Epub 2009 Sep 20. PMID: 19846234; 

PMCID: PMC6136148. 

18. Petzold G. Role of Ultrasound Methods for the Assessment of NAFLD. J Clin Med. 2022 Aug 

5;11(15):4581. doi: 10.3390/jcm11154581. PMID: 35956196; PMCID: PMC9369745. 

19. Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R, Natale S, Vanni E, Villa-

nova N, Melchionda N, Rizzetto M. Nonalcoholic fatty liver, steatohepatitis, and the metabolic 

syndrome. Hepatology. 2003 Apr;37(4):917-23. doi: 10.1053/jhep.2003.50161. Erratum in: Hepa-

tology. 2003 Aug;38(2):536. PMID: 12668987. 

20. Chitturi S, Abeygunasekera S, Farrell GC, Holmes-Walker J, Hui JM, Fung C, et al. NASH and 

insulin resistance: insulin hypersecretion and specific association with the insulin resistance syn-

drome. Hepatology. 2002;35(2):373-9. 

21. Bhatt, Surya Prakash, et al. “Non-Alcoholic Fatty Liver Disease in Asian Indians: Relationship with 

Insulin Resistance, Diabetes and Cardiovascular Risk.” Current Science, vol. 113, no. 7, 2017, pp. 

1303–10. JSTOR, http://www.jstor.org/stable/26493034. Accessed 16 June 2026. 

22. Arora A, Sharma P. Non-invasive Diagnosis of Fibrosis in Non-alcoholic Fatty Liver Disease. J 

Clin Exp Hepatol. 2012 Jun;2(2):145-55. doi: 10.1016/S0973-6883(12)60103-0. Epub 2012 Jul 

21. PMID: 25755423; PMCID: PMC3940242. 

23. Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, Enders F, Saksena S, Burt 

AD, Bida JP, Lindor K, Sanderson SO, Lenzi M, Adams LA, Kench J, Therneau TM, Day CP. 

The NAFLD fibrosis score: a noninvasive system that identifies liver fibrosis in patients with 

NAFLD. Hepatology. 2007 Apr;45(4):846-54. doi: 10.1002/hep.21496. PMID: 17393509. 

24. Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ; Nash Clinical Research Net-

work. Comparison of noninvasive markers of fibrosis in patients with nonalcoholic fatty liver dis-

ease. Clin Gastroenterol Hepatol. 2009 Oct;7(10):1104-12. doi: 10.1016/j.cgh.2009.05.033. Epub 

2009 Jun 10. PMID: 19523535; PMCID: PMC3079239. 

25. Patel YA, Gifford EJ, Glass LM, McNeil R, Turner MJ, Han B, Provenzale D, Choi SS, Moylan 

CA, Hunt CM. Risk factors for biopsy-proven advanced non-alcoholic fatty liver disease in the 

https://www.ijtas.com/
http://www.jstor.org/stable/26493034.%20Accessed%2016%20June%202026


 

International Journal of Technology and Applied Science (IJTAS) 

E-ISSN: 2230-9004   ●   Website: www.ijtas.com   ●   Email: editor@ijtas.com 

 

IJTAS26091395 Volume 17, Issue 9, September 2026 14 

 

Veterans Health Administration. Aliment Pharmacol Ther. 2018 Jan;47(2):268-278. doi: 

10.1111/apt.14411. Epub 2017 Nov 8. PMID: 29115682; PMCID: PMC5861349. 

26. Mofrad P, Contos MJ, Haque M, Sargeant C, Fisher RA, Luketic VA, Sterling RK, Shiffman ML, 

Stravitz RT, Sanyal AJ. Clinical and histologic spectrum of nonalcoholic fatty liver disease asso-

ciated with normal ALT values. Hepatology. 2003 Jun;37(6):1286-92. doi: 

10.1053/jhep.2003.50229. PMID: 12774006. 

27. Guha IN, Parkes J, Roderick PR, Harris S, Rosenberg WM. Non-invasive markers associated with 

liver fibrosis in non-alcoholic fatty liver disease. Gut. 2006 Nov;55(11):1650-60. doi: 

10.1136/gut.2006.091454. PMID: 17047111; PMCID: PMC1860097. 

28. Verma S, Jensen D, Hart J, Mohanty SR. Predictive value of ALT levels for non-alcoholic steato-

hepatitis (NASH) and advanced fibrosis in non-alcoholic fatty liver disease (NAFLD). Liver Int. 

2013 Oct;33(9):1398-405. doi: 10.1111/liv.12226. Epub 2013 Jun 13. PMID: 23763360. 

29. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. 2005 Apr 16-

22;365(9468):1415-28. doi: 10.1016/S0140-6736(05)66378-7. PMID: 15836891. 

30. Targher G, Bertolini L, Padovani R, Rodella S, Zoppini G, Zenari L, Cigolini M, Falezza G, Ar-

caro G. Relations between carotid artery wall thickness and liver histology in subjects with nonal-

coholic fatty liver disease. Diabetes Care. 2006 Jun;29(6):1325-30. doi: 10.2337/dc06-0135. 

PMID: 16732016. 

31. Misra A, Khurana L. Obesity and the metabolic syndrome in developing countries. J Clin Endo-

crinol Metab. 2008 Nov;93(11 Suppl 1):S9-30. doi: 10.1210/jc.2008-1595. PMID: 18987276. 

32. Vieira-Lara MA, Dommerholt MB, Zhang W, Blankestijn M, Wolters JC, Abegaz F, Gerding A, 

van der Veen YT, Thomas R, van Os RP, Reijngoud DJ, Jonker JW, Kruit JK, Bakker BM. Age-

related susceptibility to insulin resistance arises from a combination of CPT1B decline and lipid 

overload. BMC Biol. 2021 Jul 30;19(1):154. doi: 10.1186/s12915-021-01082-5. PMID: 

34330275; PMCID: PMC8323306. 

33. Majumdar, Anindo1,; Misra, Puneet2; Sharma, Sanjay3; Kant, Shashi4; Krishnan, Anand4; Pandav, 

Chandrakant S5. Prevalence of Nonalcoholic Fatty Liver Disease in an Adult Population in a Ru-

ral Community of Haryana, India. Indian Journal of Public Health 60(1):p 26-33, Jan–Mar 2016. | 

DOI: 10.4103/0019-557X.177295 

34. Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic fatty liver disease: the multiple 

parallel hits hypothesis. Hepatology. 2010 Nov;52(5):1836-46. doi: 10.1002/hep.24001. PMID: 

21038418. 

35. Ramesh S, Abraham RA, Sarna A, Sachdev HS, Porwal A, Khan N, Acharya R, Agrawal PK, 

Ashraf S, Ramakrishnan L. Prevalence of metabolic syndrome among adolescents in India: a pop-

ulation-based study. BMC Endocr Disord. 2022 Oct 24;22(1):258. doi: 10.1186/s12902-022-

01163-8. PMID: 36280821; PMCID: PMC9594972. 

36. Bozic D, Babic A, Olic I, Lalovac M, Mijic M, Madir A, Podrug K, Mestrovic A. Coagulation 

Abnormalities in Liver Cirrhosis: Diagnostic and Therapeutic Approaches. Medicina. 2026; 

62(1):104. https://doi.org/10.3390/medicina62010104 

37. Jachs M, Thöne P, Odriozola A, Turon F, Moga L, Téllez L, Fischer P, Saltini D, Kwanten WJ, 

Grasso M, Llop E, Mendoza YP, Armandi A, Pardo C, Colecchia A, Ravaioli F, Maasoumy B, 

Laleman W, Presa J, Schattenberg JM, Berzigotti A, Calleja JL, Calvaruso V, Vanwolleghem T, 

Schepis F, Procopet B, Albillos A, Rautou PE, Garcia-Pagan JC, Puente Á, Fortea JI, Reiberger T, 

https://www.ijtas.com/
https://doi.org/10.3390/medicina62010104


 

International Journal of Technology and Applied Science (IJTAS) 

E-ISSN: 2230-9004   ●   Website: www.ijtas.com   ●   Email: editor@ijtas.com 

 

IJTAS26091395 Volume 17, Issue 9, September 2026 15 

 

Mandorfer M; SSM-100Hz/ACLD Study Group of the Baveno Cooperation: an EASL consorti-

um. Predicting hepatic decompensation using non-invasive tests in a contemporary multicentre 

cohort of patients with cACLD. J Hepatol. 2026 Apr;84(4):738-748. doi: 

10.1016/j.jhep.2025.10.019. Epub 2025 Nov 4. PMID: 41192692. 

38. Siddiqui MS, Bhatt DL. Cardiovascular disease and nonalcoholic fatty liver disease: shared risk 

factors and pathophysiology. Clin Gastroenterol Hepatol. 2019;17(3):466-9. 

39. Méndez-Sánchez N, Chávez-Tapia NC, Uribe M. Hypocholesterolaemia in liver disease: roles 

and clinical implications. Ann Hepatol. 2007;6(4):211-7. 

40. Ballestri S, Nascimbeni F, Lugari S, Lonardo A, Francica G. A critical appraisal of the use of ul-

trasound in hepatic steatosis. Expert Rev Gastroenterol Hepatol. 2019 Jul;13(7):667-681. doi: 

10.1080/17474124.2019.1621164. Epub 2019 May 29. PMID: 31104523. 

 

 

 

  

https://www.ijtas.com/

