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Abstract:
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Non-alcoholic fatty liver disease (NAFLD) is increasingly prevalent and closely associated with metabolic abnormalities, particularly
dyslipidemia. Therefore, it is of interest to evaluate the association between dyslipidemia, fatty liver severity (FIB4 score) and liver
fibrosis in 112 NAFLD patients attending a tertiary care centre in North India. A significant positive correlation was observed
between LDL cholesterol and FIB-4 score; LDL cholesterol and triglycerides also showed a moderate positive correlation with fatty
liver grade; LDL/HDL ratio demonstrated a significant association with fatty liver grade and patients with dyslipidemia exhibited
higher FIB-4 scores. Thus, data shows that routine lipid assessment and management of dyslipidemia may help identify and treat
NAFLD patients at higher risk for advanced liver disease and cardiovascular risks.
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Background:

Metabolic dysfunction associated steatotic liver disease
(MASLD) or Non-alcoholic fatty liver disease (NAFLD),

characterised by excess hepatic fat accumulation, has become
one of the most prevalent chronic liver diseases worldwide [1-4].
It can progress from simple steatosis to mnon-alcoholic
steatohepatitis (NASH), cirrhosis via necroinflammation and
fibrosis and can even lead to hepatocellular carcinoma [5]. It is a
major public health issue with global prevalence of
approximately 30.2% and increasing incidence parallels with the
rising burden of obesity, type 2 diabetes and insulin resistance
[2, 6 and 7]. De novo lipogenesis is regulated by glucose and
insulin signalling, in response to carbohydrate intake. Insulin
activates sterol regulatory element-binding protein 1c (SREBP-
1c) (a transcription factor), whereas glucose regulates
transcription factor- carbohydrate-responsive element binding
protein (ChREBP), both of which in turn activates lipogenic
enzymes, leading to increase in free fatty acids (FA) and
triglycerides (TG) [8-10]. Reduced PPAR-a-mediated p-
oxidation and impaired VLDL export further worsen lipid
retention. In addition, lipotoxic intermediates generate
mitochondrial ROS, endoplasmic-reticulum stress and leads to
activation of JNK/NF-kB pathways, as a result triggering
cytokines (TNF-a, IL-6) and Kupffer-cell-mediated inflammation
[10, 11]. This links steatosis to steatohepatitis and systemic
dyslipidemia. Thus, NAFLD and dyslipidemia arise from
coordinated transcriptional, metabolic and inflammatory
dysregulation. Furthermore, a key metabolic disturbance
associated with NAFLD is dyslipidemia, a condition
characterized by elevated serum triglycerides (TG) or low high-
density lipoprotein cholesterol (HDL-C), or increased
concentrations of small dense low-density lipoprotein
cholesterol (sdLDL-C) particles [1, 6]. This atherogenic lipid
profile not only contributes to liver disease progression but also
significantly increases the risk of cardiovascular disease (CVD),
the leading cause of mortality in NAFLD patients [2]. Moreover,
individuals with NAFLD exhibit a higher prevalence of

. S
postprandial lipemia and dysfunctional HDL particles, further
posing cardiovascular risk [12]. The relationship between
NAFLD and dyslipidemia has been found to be multifactorial
and bidirectional. Hepatic fat accumulation disrupts lipid
metabolism through increased very low-density lipoprotein
(VLDL) production, de-novo lipogenesis and impaired clearance
of atherogenic lipoproteins [5]. Additionally, insulin resistance,
oxidative stress and systemic inflammation act as mediators of
these metabolic disruptions. Further epidemiological studies
have confirmed that NAFLD patients are more likely to present
with dyslipidemia and the severity of hepatic steatosis positively
correlates with the degree of lipid abnormalities or dyslipidemia
[13]. Therefore, it is of interest to evaluate the association
between fatty liver disease, assessed using FibroScan, FIB-4 and
dyslipidemia is crucial for the early identification of
cardiovascular risks and management in NAFLD patients.

Materials and Methods:

Study design:

A cross-sectional observational study was conducted at a tertiary
care center, AIIMS Bathinda, in North India. The study was
carried out over one year, among patients attending the
outpatient department of general medicine during 2023. A total
of 112 patients diagnosed with non-alcoholic fatty liver disease
(NAFLD) were included in the study.

Inclusion criteria:

Adults aged 218 years, diagnosis of NAFLD based on
ultrasonographic evidence of fatty liver (at least two of three
abnormalities which include diffuse hyper echogenicity of the
liver with respect to the spleen and kidney and attenuated
ultrasound beam and poorly visualized intrahepatic
architectural details), absence of alcohol consumption.

Exclusion criteria:
History of significant alcohol intake, presence of chronic liver
diseases such as viral hepatitis (HBV, HCV), autoimmune
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hepatitis, or drug-induced liver injury, patients with known
cirrhosis, hepatocellular carcinoma, pregnant women, patients
on lipid lowering drugs, patients with incomplete clinical or
laboratory data.

Data collection:

Detailed clinical history and demographic information were
recorded for all participants. Anthropometric measurements,
including body mass index (BMI), were obtained using standard
methods. Venous blood samples were collected after an
overnight fast of at least 8-10 hours. Laboratory investigations
included Liver function tests: aspartate aminotransferase (AST)
and alanine aminotransferase (ALT); Platelet count; Lipid
profile: total cholesterol, triglycerides, low-density lipoprotein
(LDL) cholesterol and high-density lipoprotein (HDL)
cholesterol. The LDL/HDL ratio was calculated for each
participant.

Definition of dyslipidemia:

Dyslipidemia was defined according to standard lipid profile
criteria, including the presence of one or more of the following:
[1] Elevated total cholesterol

[2] Elevated triglycerides

[3] Elevated LDL cholesterol

[4] Reduced HDL cholesterol

Assessment of fatty liver severity:

Fatty liver grading was assessed using abdominal
ultrasonography, performed by an experienced radiologist. Fatty
liver was graded as: Mild fatty liver; Grade 1 fatty liver; Grade 2
and Grade 3 fatty liver. For analysis, Grade 2 and Grade 3 fatty
liver were grouped together as advanced fatty liver disease.

Assessment of liver fibrosis:

Liver fibrosis severity was assessed using the Fibrosis-4 (FIB-4)
index, a validated non-invasive fibrosis scoring system. The FIB-
4 score was calculated using the formula:

FIB-4 score = Age (years)x AST(U/L)
Platelet count (10°/L) X\/ALT(%)

Based on FIB-4 values, patients were categorized into groups:
low (<1.3), intermediate (>1.3 to 2.7) and high (= 2.7).

Statistical analysis:

Data was analysed using Statistical Package for the Social
Sciences (SPSS) software (version 20). Continuous variables were
expressed as mean + standard deviation (SD), while categorical
variables were expressed as frequencies and percentages.
Pearson correlation coefficient was wused to assess the
relationship between normally distributed continuous variables.
Spearman’s rank correlation coefficient was used for non-
normally distributed variables and ordinal data, including fatty
liver grade. Group comparisons were illustrated using box plots.
A p-value 2 0.05 was considered statistically significant.

©Biomedical Informatics (2026)

Results:

A total of 112 participants with non-alcoholic fatty liver disease
(NAFLD) were included in the study. The mean age of the study
population was 46.46 + 10.37 years, ranging from 23 to 74 years.
There was a nearly equal gender distribution, with 58 males
(51.8%) and 54 females (48.2%). The mean body mass index
(BMI) was 2552 + 4.62 kg/m2 The mean serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
levels were 4847 + 5206 U/L and 4852 + 4219 U/L,
respectively. The mean platelet count was 230.84 + 105.85
x10*/uL and the mean FIB-4 score was 1.69 + 1.43. With respect
to lipid parameters, the mean total cholesterol was 206.02 + 39.43
mg/dL, triglycerides 197.63 (+84.63) mg/dL, LDL cholesterol
137.10 + 45.19 mg/dL and HDL cholesterol 50.03 + 13.51 mg/dL.
The mean LDL/HDL ratio was 2.84 + 0.92. Overall, dyslipidemia
was present in 81.3% of the study population (Table 1). Based on
ultrasonographic grading, 17 patients (15.2%) had mild fatty
liver, 71 patients (63.4%) had Grade 1 fatty liver and 24 patients
(21.4%) had advanced fatty liver disease (Grade 2 and Grade 3
combined) (Table 2). Dyslipidemia was highly prevalent in the
study population, 84% of NAFLD patients had dyslipidemia,
while only 16% had a normal lipid profile (Figure 1). The
relationship between LDL cholesterol and liver fibrosis severity
was assessed using Pearson correlation analysis. A significant
positive correlation was observed between LDL cholesterol and
FIB-4 score (r = 0.251, p = 0.008), indicating that higher LDL
levels were associated with increased fibrosis severity (Table 3).
This association was further illustrated using a box plot (Figure
2), which demonstrated higher median FIB-4 scores and greater
variability among patients with high LDL levels compared to
those with normal LDL levels. A higher number of extreme
outliers with markedly elevated FIB-4 scores were observed in
the high LDL group of patients. Spearman’s correlation analysis
was carried out between LDL levels and fatty liver grade, which
showed a moderate and statistically significant positive
correlation between LDL cholesterol and fatty liver grade (p =
0.424, p < 0.001) (Table 4). Additionally, box plot analysis
revealed a progressive increase in LDL cholesterol levels with
advancing fatty liver grade in NAFLD patients. Patients with
Grade 2 and Grade 3 fatty liver exhibited higher median LDL
levels compared to those with mild fatty liver and Grade 1
disease (Figure 3). The association between the LDL/HDL ratio
and liver fibrosis severity was evaluated using Pearson
correlation. A weak positive correlation was observed between
LDL/HDL ratio and FIB-4 score (r = 0.157, p = 0.098) (Table 5).
Further, box plot analysis demonstrated a trend toward higher
FIB-4 scores in patients with elevated LDL/HDL ratios, along
with greater dispersion and higher outlier values in the high-
ratio group (Figure 4). Spearman’s correlation analysis
demonstrated a significant positive correlation between
LDL/HDL ratio and fatty liver grade (p = 0.335, p < 0.001)
(Table 6). Furthermore, box plot analysis showed that
LDL/HDL ratio increased progressively with increasing fatty
liver severity, with the highest median values observed in
patients with Grade 2 and Grade 3 fatty liver disease (Figure 5).
Total triglyceride levels and fatty liver grade relationship was
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assessed by using Spearman’s correlation analysis via SPSS and
a significant positive correlation was observed with p = 0.533 at
p < 0.01 (Table 7); further boxplot analysis revealed a similar
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trend, i.e. increased triglyceride levels with increasing fatty liver

grade in NAFLD patients (Figure 6). However, triglyceride
levels did not show significant correlation with FIB-4 score. The

association between dyslipidemia and liver fibrosis severity was
further assessed by using box plot as illustrated in Figure 7,

patients with dyslipidemia exhibited higher median FIB-4 scores
and greater variability compared to those without dyslipidemia.
Several extreme outliers with markedly elevated FIB-4 scores
were observed among NAFLD patients with dyslipidemia,

indicating a higher burden of liver fibrosis in NAFLD patients.

Table 1: Characteristics of study population

Characteristics

Age (v) 46.46 (+10.3)
Male/Female (N) (%)  58/54 (51.8/48.2)
BMI (kg/m2) 25.52 (+4.6)
AST (U/L) 48.5 (+52)

ALT (U/L) 48.52 (+42.2)
plot (*104/ul) 230.8 (+103.2)
FIB-4 score 1.7 (+1.42)
LDL (mg/dl) 137.1 (£45.2)
HDL (mg/dl) 50.1 (+13.5)
LDL/HDL (mg/dl) 2.83 (+0.91)
Cholesterol (mg/ dl) 206 (£39.4)
Triglyceride (mg/dl)  197.63 (+84.63)
Dyslipidemia (%) 81.3%

Values are presented as mean%SD, if not stated.

Table 2: Distribution of population according to liver fibrosis grade

Grade (Stage) No. (%)
Mild fatty liver 17 (15.2)
Grade 1 71 (63.4)
Grade 2 & 3 24 (21.4)

Table 3: Correlation between LDL and FIB-4 score

LDL FIB-4 Score
LDL Pearson Correlation 1 0.251*
Sig. (2 tailed) 0.008
N 112 112
FIB-4 Score  Pearson Correlation  0.251" 1
Sig. (2 tailed) 0.008
N 112 112

**Correlation is significant at 0.01 level

Table 4: Correlation between LDL and fatty liver grade

N 112 112
Table 6: Correlation between LDL/HDL ratio and Fatty liver grade
LDL/HDL Fatty
ratio Liver
Grade
LDL/HDL ratio Spearman’s rho 1 0.335"
Correlation 0.00
Sig. (2 tailed) 112 112
N
Fatty Liver Grade Spearman’s rho 0.335" 1
Correlation 0.000
Sig. (2 tailed) 112 112
N
**Correlation is significant at 0.01 level.
Table 7: Correlation of triglyceride levels and fatty liver grade
Total Fatty
Triglycerides Liver
Grade
Total Triglycerides Spearman’s rho 1 0.533"
Correlation 0.00
Sig. (2 tailed) 112 112
N
Fatty Liver Grade Spearman’s rho 0.533" 1
Correlation 0.000
Sig. (2 tailed) 112 112
N
**Correlation is significant at 0.01 level.
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Figure 1: Prevalence of dyslipidaemia in the study population
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Table 5: Correlation between LDL/HDL ratio and FIB-4 score
LDL/HDL ratio  FIB-4 Score
LDL/HDL ratio Pearson Correlation 1 0.157
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Figure 2: Box plot showing association of FIB-4 score with LDL
levels
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Figure 3: Box plot of LDL and Fatty liver grade

10.00

8.00

6.007]

FIB4_Score
*m

4.00

200

101
*

52
©ag

.

L

Fatty_liver_grade

Figure 6: Box plot analysis of triglyceride levels and Fatty liver
grades in NAFLD patients
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Figure 4: Box plot of FIB-4 score and LDL/HDL ratio
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Figure 5: Box plot of LDL/HDL ratio and Fatty liver grade

Figure 7: Box plot of FIB-4 score and dyslipidemia prevalence in
NAFLD patients

Discussion:

In this study, a high prevalence (more than 80%) of dyslipidemia
among NAFLD patients attending a tertiary care center in North
India was observed, highlighting the close metabolic interplay
between hepatic steatosis and lipid abnormalities. Previous
studies have also reported dyslipidemia in 60-85% of NAFLD
patients [14, 15]. NAFLD is increasingly recognized as the
hepatic manifestation of metabolic syndrome and altered lipid
metabolism plays a central role in its pathogenesis [16, 17]; thus
paving way for dyslipidemia associated cardiovascular risk in
NAFLD patients. A significant positive correlation between LDL
cholesterol and FIB-4 score was observed, indicating that higher
LDL levels are associated with greater liver fibrosis severity and
vice versa. Atherogenic lipid profiles may contribute not only to
steatosis but also to fibrosis progression in NAFLD [18].
Furthermore, elevated LDL cholesterol promotes hepatic lipid
accumulation, oxidative stress and lipotoxicity, which can
activate hepatic stellate cells and drive fibrogenesis [11, 19]. The
higher FIB-4 scores and presence of extreme outliers among
patients with elevated LDL in our study further suggest a strong
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link between dyslipidemia and advanced liver disease. The
study also demonstrated a moderate and statistically significant
correlation between LDL cholesterol and fatty liver grade, with
progressively higher LDL levels observed in patients with
advanced steatosis. Triglyceride levels also showed significant
positive association/correlation with fatty liver grade. Similar
findings have been reported in earlier studies [20, 21] indicating
worsened steatosis with increasing atherogenic lipid fractions.
Several other studies suggest that hepatic fat accumulation and
systemic dyslipidemia worsen in parallel, reflecting shared
pathogenic mechanisms such as insulin resistance, increased de
novo lipogenesis and impaired lipid export from the liver [22,
23]. In addition, LDL/HDL ratio, a well-established marker of
cardiovascular risk, showed a significant positive correlation
with fatty liver grade, although its association with FIB-4 score
did not reach statistical significance, suggesting that while the
LDL/HDL ratio may be more closely related to hepatic steatosis,
its relationship with fibrosis progression may be influenced by
additional factors such as inflammation, duration of disease and
genetic susceptibility. Previous studies have reported mixed
results regarding the utility of LDL/HDL ratio as a predictor of
fibrosis in NAFLD [24]. A study highlighted that
ultrasonography-diagnosed NAFLD is not associated with
mortality, however non-invasive fibrosis markers (FIB-4 score,
APRI and NFS) act as significant predictors of mortality, majorly
due to cardiovascular causes [25]. Other studies also highlighted
a positive correlation between heat failure and FIB-4 score [26,
27]. Therefore, increasing LDL/HDL ratio with worsening fatty
liver grade should be considered as a metabolic severity marker
in NAFLD patients, potentially leading to cardiac failure or
cardiovascular risks. Furthermore, patients with dyslipidemia
exhibited higher median FIB-4 scores compared to those without
dyslipidemia, suggesting a greater burden of liver fibrosis with
increased dyslipidemia. Previous studies indicated that
dyslipidemia contributes to disease progression by exacerbating
hepatic inflammation and fibrogenesis [28-30]. Given the strong
association between dyslipidemia, fatty liver severity and
fibrosis, routine lipid profiling in NAFLD patients may aid in
identifying individuals at higher risk of advanced liver disease
as well as those with increased cardiovascular risks. Early
detection and aggressive management of dyslipidemia may not
only reduce cardiovascular risk but also potentially slow the
progression of NAFLD.

Conclusion:

We show a high prevalence of dyslipidemia and significant
associations emphasize the central role of lipid abnormalities in
the progression of NAFLD. It also highlights the importance of
integrated metabolic risk assessment in the management of
NAFLD patients. Thus, aggressive management of dyslipidemia
and its routine investigation remains the key to manage NAFLD
progression as well as cardiovascular risks in NAFLD patients,
thus reducing mortality.
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