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Abstract 
Introduction: Non-Alcoholic Fatty Liver Disease (NAFLD) represents a significant and growing public health 
concern globally, associated with metabolic syndrome and insulin resistance. The condition ranges from simple 
hepatic steatosis to non-alcoholic steatohepatitis (NASH), potentially progressing to cirrhosis and hepatocellular 
carcinoma. 
Objectives: The primary aim is to clinically characterize NAFLD patients and correlate liver fibrosis with 
subclinical atherosclerosis. Specific objectives include studying clinical and biochemical parameters in lean and 
non-lean NAFLD patients, estimating liver fibrosis using Fibroelastography, and determining correlations 
between liver fibrosis and markers of subclinical atherosclerosis. 
Methods: The study employed a clinical observational design, enrolling patients diagnosed with NAFLD. 
Clinical and biochemical parameters were assessed, and Fibroelastography was used to estimate liver fibrosis. 
Markers of subclinical atherosclerosis, such as carotid intima-media thickness and flow-mediated dilation, were 
also evaluated. 
Results: The results indicated significant differences in clinical and biochemical parameters between lean and 
non-lean NAFLD patients. Fibroelastography revealed varying degrees of liver fibrosis, with a notable 
correlation between the severity of fibrosis and markers of subclinical atherosclerosis. Lean NAFLD patients 
also exhibited a higher prevalence of subclinical atherosclerosis compared to their non-lean counterparts. 
Conclusion: The study underscores the complex interplay between liver fibrosis and subclinical atherosclerosis 
in NAFLD patients. It highlights the importance of thorough metabolic assessment and the potential for 
personalized diagnostic and therapeutic strategies to enhance patient outcomes. Early detection and management 
of liver fibrosis and subclinical atherosclerosis are crucial in mitigating the systemic impacts of NAFLD. 
Keywords: Non-Alcoholic Fatty Liver Disease (NAFLD), Liver Fibrosis, Subclinical Atherosclerosis, 
Metabolic Syndrome, Fibroelastography, Insulin Resistance, Cardiovascular Disease. 
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Introduction 

NAFLD encompasses a spectrum of liver 
conditions, marked by the accumulation of lipids 
within liver cells. This range of damage can vary 
from basic fat buildup in hepatocytes to more 
severe stages such as steatohepatitis, advanced 
fibrosis, cirrhosis, and even hepatocellular 
carcinoma.[1] NAFLD stands as a leading cause of 
chronic liver disease worldwide. Its prevalence has 
surged dramatically over the past two decades, 
making it a significant global public health issue. 

[2,3] Indeed, India mirrors the global trend, with 
NAFLD prevalence rising significantly in recent 
years.[4] In addition to elevating the risk of 
hepatic-related ailments, NAFLD also heightens 
susceptibility to cardiovascular diseases and 
chronic kidney disease, as highlighted in references 
[5,6]. In NAFLD, hepatic steatosis manifests 
without signs of inflammation, whereas in NASH 
(non-alcoholic steatohepatitis), hepatic steatosis 
coincides with lobular inflammation and apoptosis, 
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which may progress to fibrosis and ultimately 
cirrhosis. [7–10] Prior to the mid-2010s, NASH 
was commonly perceived as a significant condition 
primarily affecting obese females, often with 
accompanying Type 2 Diabetes Mellitus (T2DM). 
Despite its association with these risk factors, 
NASH was initially regarded as having a relatively 
benign prognosis. However, it has since been 
recognized that NASH is predictive of increased 
risks for cardiovascular disease, stroke, and 
diabetes. [7–10]. The incidence of liver disease, 
specifically NAFLD, has seen a rapid surge in 
Western nations, now with a global prevalence of 
25%. NAFLD is emerging as a predominant form 
of chronic liver disease in Western industrialized 
regions, notably affecting individuals with central 
obesity, Type 2 Diabetes Mellitus (T2DM), 
dyslipidemia, and metabolic syndrome. [11] 

Liver biopsy remains the gold standard for 
investigating liver inflammation and damage across 
various conditions. In diagnosing NAFLD and 
associated disorders, liver biopsies offer invaluable 
insights, ranging from detecting triglyceride 
deposition as droplets in hepatocytes to identifying 
more extensive forms of non-alcoholic 
steatohepatitis (NASH). NASH typically presents 
with lipid droplets in hepatocytes, accompanied by 
inflammation and varying degrees of hepatic 
fibrosis. While the majority of patients with liver 
steatosis experience non-progressive disease, a 
small subset progresses to NASH, which can 
ultimately result in liver failure and even 
hepatocellular carcinoma. [11,12] 

According to the US guidelines for NAFLD 
management, NAFLD is defined as hepatic 
steatosis with at least 5% fat infiltration in imaging 
or histology, while excluding cases of steatosis 
induced by alcohol, drugs, or viruses. Patients with 
NAFLD may exhibit elevated liver enzymes. [12] 

Indeed, patients with NAFLD frequently exhibit 
one or more components of the metabolic 
syndrome (MS), such as systemic hypertension, 
dyslipidemia, insulin resistance, or overt diabetes. 
[13] Absolutely, visceral obesity is emerging as a 
significant risk factor for NAFLD. It's important to 
recognize that metabolic syndrome (MS) not only 
predisposes individuals to NAFLD but also poses a 
well-established risk for the development of 
cardiovascular disease. This underscores the 
interconnectedness of various metabolic disorders 
and highlights the importance of holistic 
management approaches targeting both liver health 
and cardiovascular risk factors in individuals with 
NAFLD. [11,13] Cardiac and vascular diseases 
have emerged as leading causes of mortality in 
patients with NAFLD. However, the precise 
pathophysiological mechanisms linking 
cardiovascular disease and NAFLD are not yet 
fully elucidated. Insulin resistance is believed to be 

a common factor in the pathogenesis of both 
conditions, highlighting its pivotal role in the 
interplay between metabolic disorders and 
cardiovascular complications. Further research is 
needed to unravel the intricate connections between 
NAFLD and cardiovascular disease and to develop 
targeted interventions aimed at reducing the burden 
of both conditions. [11,13] 

Assessing abnormal liver enzyme levels in an 
otherwise healthy patient can indeed be 
challenging, even for experienced clinicians. 
NAFLD frequently emerges as a common 
explanation for such abnormalities in blood donors. 
It's characterized by asymptomatic elevation of 
alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) levels in up to 90% of 
cases, especially after excluding other potential 
causes of liver disease. [14,15] The World Health 
Organization's Global Health Observatory data 
from 2014 reveals that obesity affects 
approximately 15% of women and 11% of men 
aged 18 and over worldwide. A study assessing the 
prevalence of NASH (non-alcoholic steatohepatitis) 
estimated that it affects approximately 5.7–17% of 
the population in the United States. [14,15] 

Indeed, while NAFLD has traditionally been 
associated with obesity, recent evidence suggests a 
growing prevalence of NAFLD cases among the 
non-obese population as well. A recent meta-
analysis revealed that nearly one-fifth of patients 
diagnosed with NAFLD were non-obese, indicating 
that factors beyond obesity may also contribute to 
the development of NAFLD. This underscores the 
importance of considering a broader range of risk 
factors and metabolic abnormalities in the 
assessment and management of NAFLD. [16,17] 
You're absolutely right. The concept of "lean 
NAFLD" can vary depending on the population 
being studied, as different populations may have 
varying distributions of body mass index (BMI) 
and waist circumference. Therefore, the definition 
of lean NAFLD may involve different cut-off 
points for BMI and waist circumference, reflecting 
the unique characteristics of each population group. 
This variability underscores the importance of 
considering population-specific factors when 
defining and studying lean NAFLD.[18]  

Although NAFLD occurs in lean individuals with 
some frequency, its underlying mechanisms in this 
group are not well understood. While certain 
features of NAFLD are similar between obese and 
lean individuals, not all lean individuals with 
NAFLD exhibit metabolic precursors associated 
with liver dysfunction. In such cases, factors such 
as dietary patterns, lifestyle choices, and genetic 
predispositions may play a role in the development 
of NAFLD. [19] Due to rising obesity rates, 
NAFLD has become the primary culprit behind 
abnormal liver function test (LFT) results in the 
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UK. [20] NAFLD manifests when over 5% of liver 
cells contain fat in individuals who do not exceed 
alcohol consumption limits (<20 g/day for women 
and <30 g/day for men). Its severity spans from 
simple fat accumulation without notable liver 
inflammation or cell damage to steatohepatitis 
characterized by both fat accumulation and liver 
inflammation, progressing potentially to advanced 
fibrosis and cirrhosis. Though the precise 
prevalence of NAFLD in the UK is uncertain, 
studies in the USA and China employing magnetic 
resonance spectroscopy, the most precise method 
for detecting liver fat, suggest that roughly 28–31% 
of the general population exhibit steatosis, with 8% 
showing elevated alanine transaminase (ALT) 
levels due to NAFLD. [21,22] NAFLD often 
accompanies other liver conditions like hepatitis C, 
hemochromatosis, and alcoholic liver disease, and 
it has been demonstrated to accelerate disease 
progression. Additionally, liver fat infiltration can 
also result from treatment with steatogenic 
medications such as tamoxifen, amiodarone, and 
steroids. [23] 

Because NAFLD typically presents without 
noticeable symptoms in most cases, clinicians may 
overlook its presence in lean individuals due to the 
absence of early indicators and normal results from 
laboratory and anthropometric assessments. 
However, lean individuals with NAFLD face the 
risk of progressing to severe liver disease and 
potentially higher mortality rates, emphasizing the 
need to raise awareness of NAFLD in this 
population. Early diagnosis is crucial for more 
effective management. Notably, NAFLD increases 
the likelihood of subclinical atherosclerosis and 
coronary artery calcification independently of 
common risk factors such as advanced age, type 2 
diabetes mellitus, hypertension, and dyslipidemia. 
Nonetheless, the relationship between the severity 
of liver fibrosis and carotid atherosclerosis remains 
a subject of debate. The study aims to delineate the 
differences in the clinical profiles of lean and non-
lean NAFLD patients and assess the presence of 
liver fibrosis while determining its correlation with 
markers of subclinical atherosclerosis. 

Thus, the complex interplay between liver fibrosis 
and subclinical atherosclerosis in individuals with 
non-alcoholic fatty liver disease (NAFLD) 
emphasizes the importance of thorough metabolic 
assessment. Utilizing advanced methodologies like 
para-metabolic profiling enables us to uncover the 
interconnected pathways linking these conditions. 
A deeper understanding of metabolic intricacies 
can facilitate the identification of potential 
biomarkers and therapeutic targets. By examining 
the relationship between the severity of liver 
fibrosis and markers of subclinical atherosclerosis, 
we gain valuable insights into the systemic nature 
of NAFLD and its associated complications. Such 

research not only enriches comprehension of 
disease mechanisms but also offers the potential for 
personalized diagnostic and therapeutic strategies, 
ultimately enhancing patient outcomes. 

Aims & Objectives 

Aims: Clinical characterization of patients with 
NAFLD and correlation of liver fibrosis with 
presence of subclinical atherosclerosis 

Objectives: 

Primary 

• To study clinical and biochemical parameters 
in patients of lean and non-lean NAFLD 

• To estimate presence of liver fibrosis in 
patients of lean and non-lean NAFLD by 
Fibroelastography. 

Secondary Objective: To determine any 
correlation of liver fibrosis with markers of 
subclinical atherosclerosis. 

Review of Literature 

I. Background 

A. Non-Alcoholic Fatty Liver Disease (NAFLD): 
An Overview 

NAFLD is viewed as the liver manifestation of 
metabolic syndrome and is strongly associated with 
insulin resistance. [24] Most individuals with 
NAFLD do not show symptoms, and only a small 
proportion experience vague complaints like 
fatigue, malaise, discomfort in the right upper 
abdomen, and hepatomegaly. Globally, around 
25% of the population is affected by this condition. 
[25] In North America, NAFLD impacts roughly 
24% of the population. This condition presents 
across a spectrum, from basic hepatic steatosis to 
steatosis accompanied by inflammation and 
varying degrees of fibrosis. NAFLD is 
characterized by the buildup of triglycerides within 
the cytoplasm of hepatocytes. [26] Non-alcoholic 
steatohepatitis (NASH) represents the 
inflammatory advancement of simple hepatic 
steatosis. In some cases, NASH patients may 
progress to cirrhosis and hepatocellular carcinoma, 
although the incidence of the latter is rare. [26] It is 
estimated that 20-30% of NAFLD patients with 
simple steatosis will eventually develop into 
NASH. Among those with NASH, approximately 
7-25% may progress to cirrhosis. Histologically, 
NAFLD closely resembles alcoholic liver disease, 
necessitating the exclusion of alcohol-related fatty 
liver disease. Additionally, other potential causes of 
fatty liver disease that should be ruled out include 
metabolic genetic disorders, type 1 diabetic 
hepatopathy, Weber-Christian disease, and various 
genetic or metabolic conditions. Furthermore, the 
use of certain medications such as corticosteroids, 
estrogens, amiodarone, and carbamazepine has 
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been associated with fatty liver disease. [27,28] 
NAFLD stands as the prevailing cause of chronic 
liver disease globally, presenting a significant, 
expanding, and frequently underestimated public 
health concern. [29,30]  

Fatty liver diseases are strongly associated with a 
globalized economy and a progressively uniform 
sociocultural Westernized lifestyle. [31] It is 
closely associated with other metabolic conditions 
like type 2 diabetes mellitus (T2DM), obesity, 
metabolic syndrome (MetS), and dyslipidemia. 
Moreover, a variant of NAFLD known as non-
alcoholic steatohepatitis (NASH) can have a 
potentially progressive trajectory, resulting in liver 
fibrosis, cirrhosis, and/or hepatocellular carcinoma 
(HCC)—conditions that might necessitate 
treatment such as liver transplantation. [32] 

Nutrition stands as the primary contributing factor 
influencing the development of NAFLD. 
Therefore, various dietary elements have the 
potential to alter its progression over time. [2] This 
underscores the importance of thoroughly 
examining the role of nutrition and its primary 
constituents in the progression of NAFLD over 
time. 

B. Liver Fibrosis: Pathogenesis and Clinical 
Significance 

Liver fibrosis is a reparative response to liver 
injury, characterized by a dynamic process that can 
be triggered by conditions such as nonalcoholic 
steatohepatitis (NASH), nonalcoholic fatty liver 
disease (NAFLD), and cholestatic liver disease. 
[33]  

Hepatic stellate cells (HSC), macrophages (MAC), 
and liver sinusoidal endothelial cells (LSEC) play a 
dual role in liver fibrosis formation. Following liver 
injury, hepatic stellate cells activate and proliferate, 
Ly6Chi macrophages increase, and hepatic 
sinusoidal endothelial cells undergo capillarization, 
accompanied by the secretion of various 
inflammatory factors, all contributing to fibrosis 
development. Conversely, the apoptosis of hepatic 
stellate cells, an increase in Ly6Clo macrophages, 
and the normal differentiation of hepatic sinusoidal 
endothelial cells can induce the quiescence of 
activated hepatic stellate cells and even facilitate 
the degradation of excess extracellular matrix, 
thereby effectively inhibiting liver fibrosis 
progression. This article will elucidate the active 
cellular mechanisms underlying liver fibrosis 
induction. [34,35]  

Hepatic stellate cells (HSC) are a type of 
nonparenchymal cells situated in the hepatic 
sinusoids' endothelial cells and the spaces around 
the hepatocytes, commonly referred to as hepatic 
lipid storage cells. When triggered by diverse 
environmental factors under pathological 

circumstances, HSC undergoes activation, a pivotal 
process in liver fibrosis development. . [34,35] 
Persistent liver injury results in the release of 
various damage-associated molecular patterns 
(DAMPs), initiating a cascade of cytokine 
production including insulin-like growth factor 
(IGF-1) and endothelin-1 (ET-1), which stimulate 
the secretion of hepatic stellate cells (HSC). 
Simultaneously, prolonged stimulation induces an 
inflammatory response, during which liver 
sinusoidal endothelial cells (LSEC) and Kupffer 
cells (KC) release damage factors such as 
interleukin-6 (IL-6), tumor necrosis factor-alpha 
(TNF-α), and transforming growth factor-beta 
(TGFβ), further enhancing the activation of HSC. 
[36] 

Macrophages originate from precursor cells in the 
bone marrow and are part of the immune cell 
family. Those operating within the liver are 
referred to as liver macrophages (Liver MAC), 
primarily consisting of Kupffer cells (KCs) and 
monocyte-derived macrophages (MoMF). [37] In 
pathological states, an abundance of Ly6Chi 
monocyte-derived macrophages (MoMF) is 
observed, characterized by their proinflammatory 
nature and upregulation of receptors like CCR1 and 
CCR2. Ly6Chi cells release a plethora of cellular, 
inflammatory, and chemokines such as 
transforming growth factor-beta (TGF-β), platelet-
derived growth factor (PDGF), tumor necrosis 
factor-alpha (TNF-α), interleukin-1 beta (IL-1β), 
and chemokine ligand 2 (CCL2). [38,39]  

Additionally, their migration to the site of liver 
injury relies on chemokine aggregation. Ly6Clo 
precursor cells originate from Ly6Chi monocytes; 
however, Ly6Clo exerts an opposing effect 
compared to Ly6Chi. Ly6Clo cells downregulate 
inflammatory factors and increase matrix 
metalloproteinase (MMP) activity, thereby 
promoting extracellular matrix (ECM) degradation. 
Research has shown that knocking down the CCR2 
gene in mice reduces Ly6Chi levels while 
increasing Ly6Clo quantity in the liver. This 
correlates with reduced hepatic stellate cell (HSC) 
activation and some alleviation of liver fibrosis, 
indicating that Ly6Chi exhibits proinflammatory 
and profibrotic properties, while Ly6Clo displays 
anti-inflammatory and antifibrotic properties. [40] 
Liver sinusoidal endothelial cells (LSEC) are 
specialized endothelial cells characterized by pores 
on their surface and open fenestrae. These cells 
play a crucial role in regulating liver function 
through their vascular secretory signals. LSECs are 
vital for maintaining the homeostasis of the hepatic 
microenvironment, which is a key factor in the 
activation of hepatic stellate cells (HSC). [41,42] 
Differentiated liver sinusoidal endothelial cells 
(LSEC) have the capacity to keep hepatic stellate 
cells (HSC) in a quiescent state, which can expedite 
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the regression of liver fibrosis and halt its 
progression. Conversely, capillary liver sinusoidal 
endothelial cells have the opposite effect. [43] 

C. Atherosclerosis: Subclinical Markers and 
Implications 

Carotid intima-media thickness (IMT) is a widely 
employed early surrogate marker of subclinical 
atherosclerosis, detected noninvasively using B-
mode ultrasound imaging of the carotid artery. [44] 
In participants from four communities in the United 
States enrolled in the Atherosclerosis Risk in 
Communities (ARIC) study, carotid intima-media 
thickness (IMT) serves as a predictor of 
cardiovascular disease (CVD) incidence or 
mortality. [45] Similarly, in asymptomatic 
individuals with at least three cardiovascular 
disease (CVD) risk factors from five European 
countries, carotid intima-media thickness (IMT) 
serves as a predictor of CVD incidence or 
mortality. [46] In participants of the Cardiovascular 
Health Study (CHS), considering traditional risk 
factors alongside carotid intima-media thickness 
(IMT) modestly enhances the prediction of 
cardiovascular disease (CVD) death or all-cause 
mortality. [47] In a Dutch elderly population 
residing in a single-center community, the role of 
carotid intima-media thickness (IMT) in predicting 
cardiovascular disease (CVD) death or all-cause 
mortality is also observed. [48] Carotid intima-
media thickness (IMT) has also been investigated 
in specific populations, including individuals with 
type 2 diabetes and chronic kidney disease. [49] 
Similarly, carotid intima-media thickness (IMT) 
has been studied in populations with peripheral 
artery disease. [50,51] Additionally, carotid intima-
media thickness (IMT) and the presence of carotid 
plaques, measured through ultrasonography, serve 
as robust predictors of cardiovascular outcomes 
across diverse populations, including HIV-positive 
individuals. [52,53] Previous studies have aimed to 
determine whether the additional predictive value 
of carotid intima-media thickness (IMT) and 
carotid plaques for cardiovascular outcomes could 
complement traditional risk factors, particularly 
high-sensitivity C-reactive protein (hs-CRP). 
Albuminuria, which reflects generalized 
endothelial dysfunction accelerating 
atherosclerosis, has been a focus in these 
investigations. [54] Albuminuria serves as a 
predictive marker for assessing the heightened risks 
of cardiovascular disease (CVD) or mortality. 
Moreover, the albumin-to-creatinine ratio (ACR), a 
biomarker for measuring albuminuria, correlates 
with ACR and carotid intima-media thickness 
(IMT). However, previous studies did not include 
albuminuria as a covariate in the association 
between IMT or plaque measurements and 
cardiovascular outcomes to mitigate its 
confounding effects. Area under the receiver 

operating characteristic curve (AUROC) value for 
ACR was significantly higher than that for hs-CRP. 
Concurrently considering these three IMT markers 
alongside traditional risk factors substantially 
improved their predictive ability for all-cause 
mortality (with a c-statistic of 0.85). Previous 
studies reported c-statistic values of 0.7582 for all-
cause mortality and 0.7086 for composite coronary 
heart disease (CHD) outcomes when considering 
combined carotid IMT and plaque as carotid 
atherosclerosis along with traditional risk factors. 
However, the c-statistic for CHD incidence was 
0.755. Notably, the c-statistic value was notably 
higher at 0.85 compared to these two studies. 
Variations in IMT measurements and covariates 
considered may partially account for the 
differences observed between these findings and 
ours. Additionally, a previous study revealed an 
association between vegetable diversity and IMT, 
as well as 15-year atherosclerotic vascular disease 
mortality. [55,56] 

D. Metabolic Profiling: Understanding the 
Interplay 

Metabolic profiling involves analyzing various 
metabolites present in biological samples, such as 
blood or urine, to understand the metabolic 
pathways and alterations associated with a 
particular disease. In the context of NAFLD, it can 
reveal changes in lipid metabolism, glucose 
homeostasis, and other metabolic pathways that 
may contribute to the progression of the disease 
and its complications. Correlating liver fibrosis, a 
common consequence of advanced NAFLD, with 
subclinical atherosclerosis adds another dimension 
to the study. Subclinical atherosclerosis refers to 
the early stages of atherosclerosis that are not yet 
clinically evident but can be detected through 
imaging techniques or biomarkers. Understanding 
the relationship between liver fibrosis and 
subclinical atherosclerosis could shed light on 
shared pathophysiological mechanisms, such as 
inflammation, oxidative stress, and endothelial 
dysfunction, which contribute to both conditions. 

By elucidating the metabolic profiles associated 
with NAFLD progression and their potential link to 
subclinical atherosclerosis, such research could 
inform the development of targeted therapeutic 
interventions aimed at mitigating both liver fibrosis 
and cardiovascular risk in patients with NAFLD. It 
could also underscore the importance of holistic 
management strategies that address not only liver 
health but also cardiovascular health in individuals 
with NAFLD. [57] 

II. Pathophysiology of NAFLD 

A. Molecular Mechanisms Underlying NAFLD 

NAFLD exhibits a broad histologic spectrum of 
liver damage, encompassing simple steatosis, non-
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alcoholic steatohepatitis (NASH), hepatic fibrosis, 
and cirrhosis. [58] NASH, an advanced 
manifestation of NAFLD, was initially coined by 
Ludwig et al. in 1980 to describe histological liver 
features reminiscent of alcoholic hepatitis in 
individuals with no significant alcohol 
consumption history. [59] NASH is characterized 
by the presence of steatosis accompanied by 
inflammation and ballooning of hepatocytes. It has 
emerged as the second most common indication for 
liver transplantation in the United States. [60] 
Roughly one-third of adults in the USA diagnosed 
with NAFLD also exhibit NASH, and within this 
group, about 30% face the risk of advancing to 
severe cirrhosis, hepatocellular carcinoma, and 
liver-related mortality. [58] The prevailing 
understanding of NAFLD revolves around the 
"multiple parallel-hit" hypothesis. [61] The 
"multiple parallel-hit" hypothesis evolved from the 
initial "two-hit" theory proposed by Day et al. [62] 
In 1998, Day et al. introduced the "two-hit" theory, 
which posits that steatosis induced by factors like a 
high-fat diet or diabetes (the first hit) renders the 
liver more vulnerable to additional stressors, 
particularly those related to oxidative stress, 
leading to heightened lipid peroxidation (the 
second hit). [62] Insulin resistance played a 
significant role in driving the advancement of 
NASH from simple fatty liver. [63]  

Figure 1 illustrates how liver lipid overload and/or 
hyperinsulinemia-driven de novo lipogenesis 
escalate lipid peroxidation, leading to the 
generation of reactive oxygen species (ROS) and 
subsequent development of steatohepatitis. 
Presently, this traditional perspective has evolved 
into a more intricate "multiple parallel-hit 
hypothesis," encompassing a diverse array of 
parallel factors such as insulin resistance, oxidative 
stress, genetic and epigenetic mechanisms, 
environmental factors, cytokines, and alterations in 
the microbiota. [61] The multiple parallel-hit 
theory posits that NAFLD is the result of a 
complex interplay of various factors rather than 
being solely attributed to one or two factors. This 
comprehensive perspective may help elucidate why 
NAFLD is also prevalent among lean or elderly 
individuals. [61]  

B. Role of Insulin Resistance and Lipid 
Metabolism 

Adipocytes, acting as crucial regulators of systemic 
lipid storage and the release of adipokines, 
accumulate excess fatty acids as triglycerides (TGs) 
in tissues. These stored lipids can affect various 
processes, including lipid metabolism, glucose 
regulation, and inflammation. [64] Free fatty acids 
(FFAs) derived from triglyceride (TG) lipolysis 
serve as the primary source of fat in individuals 
with NAFLD. These FFAs play a significant role in 
the development of insulin resistance, a common 

complication observed in NAFLD. [63] Individuals 
with central obesity induced by visceral fat 
accumulation typically exhibit higher lipolysis 
activity in visceral adipose tissue compared to 
subcutaneous adipose tissue. This heightened 
lipolysis contributes to universal insulin resistance 
in these patients and increases their likelihood of 
developing NAFLD due to the rising content of 
free fatty acids (FFAs). [65] Adiponectin, an 
adipose-specific secretory adipokine, plays a role in 
inducing free fatty acid (FFA) oxidation and 
facilitating lipid transfer, thereby inhibiting FFA 
accumulation in the liver through interaction with 
its corresponding receptor. [65] Adiponectin serves 
as a connection between adipose tissue and whole-
body glucose metabolism, influencing hepatic 
insulin sensitivity. [66] Hypoadiponectinemia, 
commonly observed in NAFLD, implies that 
adiponectin, functioning as an antagonist of tumor 
necrosis factor-alpha (TNF-α), exerts anti-lipogenic 
and anti-inflammatory effects. This can safeguard 
the liver from damage by preserving the balance 
between pro-inflammatory and anti-inflammatory 
cytokines in hepatocytes. [67] Moreover, 
combining serum adiponectin concentration with 
the waist-to-hip ratio and AST/ALT ratio could 
potentially offer a novel diagnostic tool for 
identifying advanced fibrosis in NAFLD. This 
implies that elevating adiponectin levels might 
represent a promising therapeutic approach for 
mitigating inflammation and fibrosis in NAFLD 
patients. [68] Interestingly, since adiponectin is 
primarily secreted by subcutaneous fat rather than 
visceral fat, hypoadiponectinemia may also 
contribute to explaining why individuals with 
central obesity are more prone to developing 
insulin resistance compared to those with NAFLD. 
[64] 

Similarly, NAFLD elevates the risk of developing 
type 2 diabetes mellitus (T2DM). A study 
conducted in the USA utilizing liver ultrasound 
technology and hepatic biopsy revealed that the 
incidence of diabetes is three times higher in 
patients with NAFLD compared to the general 
population. [69] Hepatic steatosis results in an 
excess of nonesterified fatty acids due to an 
intrinsic defect, leading to the development of 
peripheral insulin resistance and an exaggerated 
endocrine response, which are characteristic 
features of type 2 diabetes mellitus (T2DM). [69] 
Given the close association between NAFLD and 
diabetes, the most effective approach to treating 
NAFLD seems to involve indirectly addressing 
abnormal hepatic lipid metabolism by improving 
glucose regulation and enhancing insulin 
sensitivity. [70,71] In populations affected by both 
NAFLD and diabetes, the prevalence of other 
serious diseases is also increased. For example, 
individuals with diabetes have the highest 
standardized mortality ratio associated with liver 
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cirrhosis. Moreover, hepatic cirrhosis amplifies the 
risk of cardiovascular disease-related mortality in 
diabetic patients. Additionally, over 34% of 
patients with diabetes also have NAFLD, and the 
co-occurrence of these two conditions heightens the 
risk of mortality from malignancies. [72] NAFLD 
often raises the likelihood of developing 
microvascular conditions like chronic kidney 
disease in individuals with type 2 diabetes mellitus 

(T2DM). Elevated concentrations of γ-
glutamyltransferase induced by NAFLD may 
correlate with severe subclinical renal disease and 
increase the risk of T2DM. A recent study 
conducted in Italy with a large participant pool 
estimated that the prevalence of chronic kidney 
disease among diabetic patients with NAFLD is 
60% higher compared to those without NAFLD. 
[73]

 

 
Figure1: illustrates a hypothetical mechanism of nonalcoholic fatty liver disease/nonalcoholic 
steatohepatitis (NAFLD/NASH) progression. Excessive intake of calories and fat leads to the 

accumulation of triglycerides, total cholesterol, and free fatty acids, resulting in hepatic steatosis. The 
excess of liver lipids enhances lipid peroxidation, triggering the generation of reactive oxygen species 

(ROS) and steatohepatitis. Hepatic inflammation activates the mitogen-activated protein kinase pathway 
and nuclear factor-κB, causing insulin resistance. Insulin resistance further stimulates de novo 

lipogenesis, exacerbating the progression to NASH. Inflammation recruits Kupffer cells and polarizes M1 
macrophages, activating hepatic stellate cells and ultimately leading to liver fibrosis. TG: triglycerides; 
TC: total cholesterol; FFA: free fatty acids; MAPK: mitogen-activated protein kinase; NF-κB: nuclear 

factor-κB. [74] 
 
C. Inflammation and Oxidative Stress in 
NAFLD Progression 

Efforts have been undertaken to comprehend the 
functions of various immune cells, including 
macrophages, natural killer cells, Th1/Th2 cells, 
and T regulatory cells (T regs), in the development 
of NASH and their potential therapeutic 
implications. In particular, hepatic macrophages, 
comprising resident Kupffer cells and recruited 
bone marrow-derived macrophages, play a 
significant role by generating inflammatory 
molecules like tumor necrosis factor (TNF)-α and 
interleukin (IL)-1β, which contribute to systemic 
insulin resistance and, consequently, NASH. [75] 
In tissues, macrophages undergo maturation and 
adopt specific functional phenotypes when 
activated by various stimuli. Typically, Toll-like 
receptor (TLR) ligands such as lipopolysaccharide 

(LPS) and interferon-gamma (IFN-γ) promote 
classical M1 activation, whereas IL-4/IL-13 
stimulation induces alternative M2 activation. [76] 
A complex interplay of signaling molecules, 
transcription factors, epigenetic mechanisms, and 
post-transcriptional regulators govern the various 
types of macrophage activation. Imbalances and 
polarization between M1 and M2 macrophages can 
result in chronic inflammation, infections, cancer, 
obesity, its related complications, and NAFLD. 
Recently, there have been reports on the protective 
role of M2 macrophages/Kupffer cells against 
alcoholic fatty liver disease and NAFLD by 
inducing apoptosis in M1 macrophages/Kupffer 
cells. [77] Consequently, targeted therapies aimed 
at macrophages are emerging in clinical practice. 
Specifically, redirecting and modulating 
macrophage polarization holds significant 
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importance in therapeutic interventions targeting 
macrophages. [74]  

III. Liver Fibrosis in NAFLD 

A. Stages of Fibrosis: From Steatosis to 
Cirrhosis 

Determining which NASH patients will progress to 
cirrhosis is challenging due to the intricate 
multifactorial nature of NASH, influenced by 
genetic, epigenetic, lifestyle, and nutritional 
factors. [78,79] Nevertheless, the stage of liver 
fibrosis remains the most robust predictor for liver-
related mortality and the emergence of additional 
comorbidities. [80] With fibrosis (F) scoring at 2 or 
higher on a scale of 0 to 4, as outlined by the 
NASH Clinical Research Network Scoring System 
(NASH CRN), there is an escalated risk. [81] 
Hence, individuals with NASH who have a fibrosis 
stage of F2 or higher are identified as the focal 
group for pharmacological intervention and are 
expected to derive the most benefit from 
antifibrotic medications. On the other hand, 
regression of fibrosis at stage F1 is more probable 
with straightforward lifestyle modifications and 
addressing metabolic comorbidities. [82] Thus, 
accurately diagnosing the stage of liver fibrosis, 
preferably through non-invasive means, becomes 
crucial. Furthermore, in clinical studies focusing on 
antifibrotic drugs, the primary hepatic endpoint 
should be the regression of advanced fibrosis. [83] 
During their quiescent phase, hepatic stellate cells 
(HSCs) stockpile retinoids and produce glial 
fibrillary acidic protein (GFAP). Upon activation, a 
progressive decline in retinoids and GFAP 
coincides with their transformation into 
myofibroblasts, synthesizing extracellular matrix 
(ECM) components like type I, type III, and type 
IV collagen, as well as hyaluronic acid (HA). 
Levels of the glycosaminoglycan polymer HA 
elevate with liver fibrosis severity. Concurrent with 
collagen accumulation, there is an upsurge in 
metalloproteinases (MMPs), including MMP-9, 
which degrade ECM products. [78]  

In the NASH CRN system, Stage one (F1) 
comprises three subclasses: F1a denotes mild 
perisinusoidal/pericellular fibrosis, F1b indicates 
moderate perisinusoidal/pericellular fibrosis, and 
F1c represents portal/periportal fibrosis. However, 
the FLIP SAF system consolidates these subclasses 
into one stage, representing mild 
perisinusoidal/pericellular fibrosis. Stage two (F2) 
corresponds to perisinusoidal/pericellular and 
portal/periportal fibrosis, while stage three (F3) 
denotes bridging fibrosis. Stage four (F4) signifies 
liver cirrhosis. In clinical contexts, terms such as 
significant and advanced fibrosis are used; 
significant fibrosis denotes ≥F2, and advanced 
fibrosis denotes ≥F3. This differs from the MetaVir 
score designed for staging liver fibrosis in viral 

hepatitis, where F1 does not have subclasses, and 
fibrosis expansion should be located in the portal 
zones for other stages. Therefore, when reviewing 
literature, attention should be paid to the scoring 
system utilized as a reference standard when 
studying non-invasive biomarkers. [78] The Ishak 
staging system, which ranges from 0 to 6 with 6 
indicating cirrhosis, was previously a widely 
utilized fibrosis scoring system in clinical trials 
across various liver disease etiologies. In this 
system, each Ishak fibrosis stage reflects increasing 
scarring compared to the preceding stage. 
Advancement from one stage to the next indicates 
progressively more severe liver disease. [84] 
Another scoring system is the EPoS staging system, 
developed by the Elucidating Pathways of 
Steatohepatitis (EPoS) consortium. This system 
utilizes e-slides, which are histological glass slide 
images converted into electronic files. Like the 
Ishak system, it encompasses seven stages ranging 
from 0 to 6. In an initial study presented at the 
International Liver Congress in 2018, the EPoS 
scoring system demonstrated promising outcomes 
regarding interobserver reproducibility. [85] 

B. Biomarkers for Assessing Liver Fibrosis 

Hepatic stellate cells play a pivotal role in fibrosis 
development. Their activation involves 
transitioning from quiescent, vitamin A-storing 
cells to proliferative, fibrogenic, and contractile 
myofibroblasts, capable of producing and releasing 
significant amounts of fibril-forming collagens. 
This activation process is a primary event in 
fibrogenesis, triggered by liver injury. When 
hepatocytes are damaged, they release cytokines 
such as transforming growth factor, tumor necrosis 
factor, epidermal growth factor, and insulin-like 
growth factor, which activate Kupffer cells and 
recruit activated T-cells. Subsequently, activated 
Kupffer cells, T-cells, and damaged hepatocytes 
release inflammatory cytokines like TNF, 
interferon, and IL-6, which are closely associated 
with fibrogenesis and can serve as biomarkers for 
liver fibrosis. [86] Liver fibrosis markers are 
typically categorized into indirect and direct 
markers of fibrogenesis and fibrinolysis. Indirect 
markers reflect changes in hepatic function and 
include biochemical tests such as bilirubin, AST, 
ALT, GGT, and platelet count. On the other hand, 
direct markers can be further subdivided into those 
associated with matrix deposition, degradation, and 
cytokines/chemokines linked to the molecular 
mechanisms of fibrogenesis and fibrinolysis. 
Examples encompass hyaluronic acid, alpha-2-
macroglobulin, procollagen, and laminin. Various 
diagnostic algorithms consist of test panels, often 
combining both direct and indirect markers, and 
some relying solely on indirect markers, all 
validated in patients who have undergone fibrosis 
staging via liver biopsy. [86] 
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Biomarkers of liver fibrosis. [86] 

 
 
C. Impact of Fibrosis on Disease Progression 
and Prognosis 

In a study involving 108 NAFLD patients who 
underwent serial liver biopsies, with a median 
interval of 6.6 years, 42% demonstrated fibrosis 
progression. Diabetes was notably associated with 
the development of fibrosis. Interestingly, there 
was no significant contrast in the proportion of 
patients exhibiting fibrosis progression between 
those initially diagnosed with NAFL or NASH at 
the index biopsy (37% vs. 43%). [87] 

In a recent study tracking 25 patients with NAFL 
and 45 patients with NASH and/or advanced 
fibrosis, follow-up liver biopsies were conducted 
over an average period of 3.7 years. Among the 
NAFL patients, 16 individuals (64%) progressed to 
NASH, with eight exhibiting severe ballooning and 
six demonstrating bridging fibrosis. The presence 
of mild lobular inflammation or any degree of 
fibrosis conveyed a higher risk of progression 
compared to simple steatosis alone. Additionally, 
older age and worsening metabolic risk factors 
were associated with a more rapid progression. [88] 
In a recent meta-analysis encompassing 411 
patients with biopsy-proven NAFLD from 11 
cohort studies (150 with NAFL and 261 with 
NASH), 33.6% of patients exhibited fibrosis 
progression across the entire cohort. Interestingly, 
this progression was observed in patients with 
NAFL, albeit at a slower rate. Among those with 
NAFL, it took an average of 14.3 years to progress 
by one stage in fibrosis score. In contrast, 
individuals with NASH experienced a significantly 
faster progression, with the time to advance by one 
stage halved to 7.1 years. [89] In a Swedish cohort 

study involving 129 patients with biopsy-proven 
NAFLD, with an average follow-up period of 13.7 
years, survival and causes of death were compared 
with a matched reference population. The study 
found increased mortality among patients with 
NASH but not among those with NAFL. The 
primary causes of death observed were 
cardiovascular and liver-related events. [90] In a 
recent paper, these two cohorts were combined into 
a study comprising 229 patients with a mean 
follow-up period of 26 years. The study revealed 
that advanced fibrosis (stage 3-4) independently 
predicted both overall and disease-specific 
mortality. Interestingly, a NAFLD activity score 
(NAS) greater than 4 was not associated with 
increased mortality. [91] 

These findings suggest that fibrosis is strongly 
linked to long-term outcomes, consistent with prior 
research. The initial NASH criteria proposed by 
Matteoni et al., which incorporate fibrosis staging, 
demonstrate a stronger association with liver-
related mortality compared to both the NAS and 
Brunt criteria. When analyzing specific 
pathological characteristics, advanced fibrosis 
emerges as the most robust independent predictor 
of liver-related mortality. [92] 

It's intriguing that non-invasive biomarkers of 
advanced fibrosis can also serve as predictors of 
mortality. In a study involving 302 patients with 
NAFLD, individuals were categorized into low-risk 
(60%) and intermediate-to-high risk (40%) groups 
based on the non-invasive NAFLD fibrosis score 
(NFS). In a multivariate analysis, a higher NFS at 
baseline emerged as a significant predictor of 
death. [93] 
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IV. Atherosclerosis in NAFLD 

A. The Atherosclerotic Process: Endothelial 
Dysfunction and Plaque Formation 

Atherosclerosis is a chronic and progressive 
vascular condition marked by the buildup of plaque 
within the arteries, followed by potential plaque 
rupture, erosion, or fissure leading to thrombosis of 
the plaque surface. One of its complications is 
coronary atherosclerosis, which can result in 
myocardial ischemia and, ultimately, myocardial 
infarction. Hypertension, tobacco use, 
dyslipidemia, diabetes mellitus, physical inactivity, 
and obesity are recognized as the primary risk 
factors for the development of atherosclerosis and 
ischemic heart disease (IHD), collectively 
contributing to cardiovascular mortality on a global 
scale. [94] 

Oxidative stress appears to be a common 
underlying cellular mechanism in the development 
of endothelial dysfunction (ED) across various risk 
factors discussed earlier. According to the 
literature, cardiovascular risk factors are associated 
with the upregulation of reactive oxygen species 
(ROS) sources, particularly NADPH oxidase. 
However, other sources of ROS such as xanthine 
oxidase, cyclooxygenase (COX), and mitochondria 
also contribute. Interestingly, endothelial nitric 
oxide synthase (eNOS) can become a potential 
ROS generator when in the uncoupled state. 
Oxidative stress involves increased rates of oxidant 
production and reduced levels of antioxidant 
activity (e.g., superoxide dismutase, vitamin C, and 
E). Normally, the enzyme superoxide dismutase 
regulates levels of superoxide (O2–). However, 
elevated generation of O2– overwhelms the 
protective mechanisms of superoxide dismutase, 
allowing O2– to react with other molecules, 
particularly nitric oxide (NO), for which it has a 
higher affinity. [94] 

Superoxide (O2–) is implicated in the direct 
induction of endothelial dysfunction (ED) by 
scavenging nitric oxide (NO), leading to the 
production of highly reactive and harmful reactive 
nitrogen species (RNS), such as peroxynitrite. 
Interestingly, the reaction between O2– and NO 
occurs much faster (rate constant = 6.7 × 10^9 m/s) 
than the dismutation of O2– by superoxide 
dismutase (SOD) (rate constant = 2.0 × 10^9 m/s). 
Elevated levels of peroxynitrite are detrimental to 
cells, causing oxidative damage to DNA, lipids, 
and proteins. Furthermore, peroxynitrite is 
cytotoxic and damages the intricate structure of 
endothelial nitric oxide synthase (eNOS), leading 
to eNOS uncoupling, thus perpetuating the vicious 
circle of endothelial dysfunction. [94] Endothelial 
dysfunction (ED) has surfaced as a potentially 
valuable prognostic indicator for predicting the 
onset of atherosclerosis and, ultimately, ischemic 

heart disease (IHD). However, as the endothelium 
progresses towards a dysfunctional state, vascular 
homeostasis becomes impaired. This manifests as 
reduced anti-oxidant, anti-inflammatory, and anti-
thrombotic properties due to diminished nitric 
oxide (NO) bioavailability. Moreover, there is 
enhanced endothelial permeability (barrier 
dysfunction), upregulation of pro-inflammatory 
cytokine levels, and expression of adhesion 
molecules such as VCAM-1 and ICAM-1, which 
facilitate leukocyte adhesion to the endothelium. 
[94] 

The uptake and accumulation of lipids result in the 
transformation of macrophages into foam cells, 
initiating the formation of an atherosclerotic lesion. 
This process further amplifies the release of 
inflammatory cytokines. Through these intricate 
mechanisms, a cascade of events unfolds, starting 
with the formation of an early atherosclerotic 
lesion, eventually progressing to an advanced 
lesion characterized by plaque formation. [94] 

B. Subclinical Atherosclerosis: Imaging and 
Biomarkers 

Ø Carotid Intima-Media Thickness 

Carotid intima-media thickness (CIMT) can be 
assessed using ultrasound or magnetic resonance 
imaging. In childhood, normal common CIMT is 
around 0.4 to 0.5 mm, whereas in adulthood, it 
typically progresses to 0.7 mm or more. CIMT 
measurement demonstrates excellent intra- and 
inter-observer variability when conducted by 
experienced operators utilizing validated image-
analysis protocols. In a systematic review and 
meta-analysis encompassing 14 studies involving 
45,828 asymptomatic individuals who underwent a 
single CIMT measurement and were followed up 
for 11 years, CIMT was found to be associated with 
the risk of first myocardial infarction (MI) or 
stroke. [95] 

Ø Coronary Artery Calcium Score 

Evidence of coronary artery calcification (CAC) on 
coronary angiography is a well-recognized marker 
associated with the severity of coronary artery 
disease (CAD) and overall survival. Importantly, 
CAC can be present before the development of 
clinically significant coronary stenosis. With 
advancements in CT technology, imaging of the 
heart without motion artifacts has become possible, 
enabling quantitative assessment of CAC. The 
Agatston score is the most widely used and 
established measure of CAC. [96] 

Ø Flow-Mediated Dilation (FMD) 

A meta-analysis comprising fourteen cohorts and 
involving 5,547 asymptomatic individuals 
indicated that flow-mediated dilation (FMD) is 
linked to future cardiovascular disease (CVD) risk 
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beyond traditional risk factors. Data from the 
MESA cohort further suggest that FMD serves as a 
predictor of CVD events in asymptomatic 
individuals and can appropriately reclassify 29% of 
these individuals, albeit without a significant 
enhancement in discrimination when added to the 
Framingham Risk Score (FRS). However, despite 
its strong correlation with future events, FMD does 
not substantially contribute to risk stratification, as 
demonstrated by a more recent comprehensive 
meta-analysis encompassing various imaging 
modalities. [97] 

Ø Positron Emission Tomography 

In contrast to the imaging modalities mentioned 
earlier, positron emission tomography (PET) offers 
the ability to assess dynamic intraplaque activity 
such as inflammation, active plaque calcification, 
and other biological processes. For instance, the 
inflammatory process within unstable plaques can 
be visualized and quantified using fluorine-18 (F-
18) fluorodeoxyglucose (FDG). FDG has also 
proven valuable in diagnosing and monitoring large 
vessel vasculitis and has become part of routine 
clinical practice. Macrophages, with their high 
metabolic rates and significant energy 
requirements, play a crucial role in localized 
inflammatory responses and are key mediators of 
atherosclerosis. Radiolabeled FDG can thus serve 
as a marker of metabolic activity within the plaque, 
particularly in inflamed high-risk lesions. Notably, 
in patients with symptomatic carotid 
atherosclerosis who underwent imaging with 
18FDG-PET, FDG was observed to localize to 
regions rich in macrophages. [98] 

C. Cardiovascular Risk in NAFLD Patients 

Cardiovascular disease (CVD), encompassing 
conditions like coronary heart disease (CHD), 
cerebrovascular issues, peripheral arterial disease, 
and abdominal atherosclerosis, affects the majority 
of individuals aged over 60 years. The Framingham 
Heart Study revealed that by age 40, men faced a 
49 percent lifetime risk of CHD, while women had 
a 32 percent risk. The onset and progression rate of 
atherosclerosis vary widely among individuals, 
posing challenges for traditional cardiovascular risk 
assessment models to predict accurately.  

Hence, it's vital to identify subclinical 
atherosclerosis early to initiate primary prevention 
measures. Detecting subclinical atherosclerosis in 
those with low to intermediate cardiovascular risk 
has proven difficult. Various multivariate risk 
models have been devised based on traditional risk 
factors to estimate cardiovascular event risk in 
asymptomatic individuals. However, these current 
risk estimators have limitations. They don't 
consider risk exposure duration or provide a 
lifetime risk estimate, and may either overestimate 

or underestimate future CVD events, leading to 
inappropriate treatment. Additionally, risk 
estimates are less reliable in certain groups like 
diabetics, women, specific ethnicities (e.g., South 
Asians), and various geographic areas or 
socioeconomic strata. Most risk equations have 
been developed from middle-aged cohorts, possibly 
underestimating risk in young (<40 years) or 
elderly (>80 years) individuals. [98] 

V. Association between Liver Fibrosis and 
Subclinical Atherosclerosis 

The incidence of non-alcoholic fatty liver disease 
(NAFLD) across quartiles of ba-PWV was found to 
be 13.5%, 19.2%, 22.7%, and 20.8%, respectively, 
indicating a significant trend (P < .0001). Similarly, 
the incidence of NAFLD across quartiles of CIMT 
was 13.5%, 17.8%, 21.4%, and 20.6%, 
respectively, with a significant trend observed (P = 
.0013). Multiple logistic regression models were 
utilized to further analyze the risk of NAFLD based 
on indicators of subclinical atherosclerosis. Results 
demonstrated that increased ba-PWV was 
significantly associated with a higher risk of 
incident NAFLD. Specifically, after adjusting for 
various factors including age, gender, smoking and 
drinking status, obesity, physical activity, 
education, hypertension, diabetes, and dyslipidemia 
at baseline, the logistic regression models revealed 
that each standard deviation increment of ba-PWV 
was linked to a 20% higher risk of incident 
NAFLD (OR 1.20; 95% CI 1.07-1.33; P = .0011). 
Moreover, compared to the lowest quartile of ba-
PWV as reference, patients in the highest quartile 
had a 63% higher risk of incident NAFLD (OR 
1.63; 95% CI 1.20-2.22; P = .0017; P for trend 
.0011). Additionally, a per standard deviation 
increase of CIMT was associated with incident 
NAFLD (OR 1.12; 95% CI 1.01-1.24; P = .0395). 
However, no association was observed with CIMT 
in quartiles. The underlying biological mechanisms 
linking subclinical atherosclerosis and NAFLD 
have not been fully elucidated. It is suggested that 
subclinical inflammation, adipokine imbalance, and 
insulin resistance may play key roles in the 
pathogenesis and progression of both NAFLD and 
atherosclerosis. Some biochemical markers, such as 
pentraxin 3 (PTX3) and high-sensitive C-reactive 
protein, have been validated as valuable indicators 
for predicting fibrosis in patients with NAFLD. 
Elevated plasma PTX3 was reported to be a 
predictor for fibrosis and increased PWV, but not 
CIMT, in the NAFLD population, suggesting that 
elevated CIMT might not necessarily reflect 
inflammatory changes in the artery wall, whereas 
increased PWV is more closely associated with the 
subclinical inflammation process. [99-103] 

VI. Metabolic Profiling In NAFLD and 
Atherosclerosis 
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A. Identifying Metabolic Signatures of Disease 
Progression 

Some metabolomic studies have highlighted 
metabolic patterns involving branched-chain amino 
acids (BCAAs), aromatic amino acids, and 
lipidomic profiles linked to NAFLD, although 
many of these investigations focused on adult and 
obese populations. McGlinchey et al. discovered a 
cluster of circulating triglycerides (TGs), 
phosphatidylcholines (PCs), ceramides (Cers), and 
one cholesterol ester (CE) specifically associated 
with hepatic steatosis burden, rather than with 
NASH or fibrosis progression. Notably, the 
presence of unique Cers solely related to steatosis 
is intriguing given their hepatotoxic nature and 
their emerging role in cellular damage in NAFLD. 
Surprisingly, sphingomyelins (SMs), which are 
implicated in the formation of hepatotoxic Cers, did 
not contribute to the steatosis-specific metabolic 
signature, except for SM(d36:0), which overlapped 
between fibrosis and steatosis signatures. 
Additionally, metabolites of microbial origin such 
as 3-OH-benzoic acid, 5-OH-1H-indole-3-acetic 
acid, and indole-3-lactic acid were uniquely 
elevated with steatosis progression, underscoring 
the potential involvement of the gut microbiome in 
steatosis. [104]  

Despite anticipated overlaps in metabolic 
signatures during the transition from NAFL to 
NASH and fibrosis progression, there were 18 
lipids distinctly associated with the presence of 
NASH, irrespective of fibrosis stage.  

This distinct signature comprised an increase in 9 
TGs and a decrease in 6 PCs, 2 SMs, and 1 
phosphatidylethanolamine (PE) specific to the 
conversion from NAFL to NASH. It should be 
noted that the unique signature of NAFL to NASH 
conversion might partly stem from the potentially 
enhanced statistical power of lipid and metabolite 
analyses between NAFL and NASH groups, given 
their larger sample sizes compared to those 
distributed across the 5 fibrosis stages (F0–F4). 
Nevertheless, this metabolic signature may capture 
clinically relevant metabolic changes indicative of 
NAFL to NASH progression, independent of 
steatosis or fibrosis. The elevated TGs observed in 
NASH include those with low carbon numbers and 
double bond counts, previously linked to de novo 
lipogenesis, insulin resistance, NAFLD, and 
heightened risk of type 2 diabetes. [104] 

B. Role of Metabolic Dysregulation in Liver 
Fibrosis and Atherosclerosis 

 Metabolic dysregulation plays a central role in the 
pathogenesis of both liver fibrosis and 
atherosclerosis, contributing to the intricate 
interplay between non-alcoholic fatty liver disease 
(NAFLD) and cardiovascular disease. The 

accumulation of excess triglycerides in 
hepatocytes, characteristic of NAFLD, leads to 
hepatic steatosis, inflammation, and oxidative 
stress, initiating a cascade of events that promote 
liver fibrosis. Metabolic alterations, including 
insulin resistance, dyslipidemia, and adipose tissue 
dysfunction, further exacerbate liver injury and 
fibrogenesis. [105] 

Concomitantly, metabolic dysregulation in NAFLD 
contributes to systemic inflammation and 
endothelial dysfunction, key processes in the 
development of atherosclerosis. Dyslipidemia, 
characterized by elevated levels of triglycerides, 
low-density lipoprotein cholesterol, and reduced 
high-density lipoprotein cholesterol, promotes the 
formation of atherosclerotic plaques within arterial 
walls. Additionally, insulin resistance and adipose 
tissue dysfunction lead to the release of pro-
inflammatory cytokines and adipokines, fostering a 
pro-atherogenic milieu. [105] 

The reciprocal relationship between liver fibrosis 
and atherosclerosis is further underscored by shared 
risk factors, such as obesity, diabetes, and 
metabolic syndrome. Advanced liver fibrosis 
exacerbates cardiovascular risk by promoting 
systemic inflammation, endothelial dysfunction, 
and dyslipidemia, while atherosclerosis contributes 
to hepatic steatosis and fibrogenesis through 
mechanisms involving oxidative stress and 
inflammation. [105] 

Understanding the role of metabolic dysregulation 
in both liver fibrosis and atherosclerosis is essential 
for developing holistic approaches to the 
management of NAFLD and its associated 
cardiovascular complications. Targeting shared 
metabolic pathways, such as insulin resistance and 
dyslipidemia, may represent promising therapeutic 
strategies to mitigate both hepatic and 
cardiovascular outcomes in patients with NAFLD. 
Moreover, adopting a multidisciplinary approach 
that integrates hepatology and cardiology is crucial 
for optimizing risk assessment, early detection, and 
targeted interventions in individuals at risk of 
NAFLD-related cardiovascular morbidity and 
mortality. [105] 

VII. Clinical Implications and Future Directions 

Metabolic profiling and the correlation of liver 
fibrosis with subclinical atherosclerosis in patients 
with non-alcoholic fatty liver disease (NAFLD) 
offer promising clinical implications and directions 
for future research. Firstly, understanding the 
metabolic signatures associated with NAFLD 
progression can aid in early diagnosis and risk 
stratification, enabling clinicians to implement 
timely interventions and prevent the development 
of advanced liver fibrosis and cardiovascular 
complications. Additionally, identifying the link 
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between liver fibrosis and subclinical 
atherosclerosis underscores the systemic nature of 
NAFLD and its impact on cardiovascular health. 
Clinicians should consider incorporating non-
invasive imaging modalities such as ultrasound-
based elastography and carotid intima-media 
thickness measurement into routine assessments to 
detect both liver fibrosis and subclinical 
atherosclerosis in NAFLD patients. Moreover, 
future research should explore the mechanistic 
pathways underlying this association, elucidate the 
role of inflammation and oxidative stress, and 
investigate novel therapeutic targets aimed at 
mitigating both hepatic and cardiovascular 
outcomes in NAFLD. Collaborative efforts 
between hepatologists, cardiologists, and 
researchers in metabolomics and imaging will be 
crucial in advancing understanding and 
management of NAFLD-associated cardiovascular 
risk. By addressing these clinical implications and 
pursuing further research avenues, can optimize 
patient care and reduce the burden of NAFLD-
related morbidity and mortality. 

Materials and Methods 

Study design: Hospital bases, cross-sectional study 

Study Setting/population- Study participants were 
recruited from the General Medicine outpatient 
department of Dr Ram Manohar Lohia Institute of 
Medical Science, Lucknow. 

Sample size: Sample size is calculated using the 
following formula 

N=Z2 pq/d2 

p=prevalence of fibrosis in lean NAFLD 

q=(1-p) 

N=100 patients 

n={(1.9620.5×0.05)/(0.1)2 

~100 

N=100 

Inclusion criteria- A hundred patients more than 
18 years of age with the presence of NAFLD were 
included in the study. 

This was a prospective study in a tertiary referral 
hospital that included consecutively lean and obese 
patients with clinically suspected (elevated liver 
enzymes) or diagnosed NAFLD By abdominal 
ultrasonography (US) who are referred to medicine 
OPD by general practitioners and colleagues in 
other specialities; The eligible patients were 
allocated to two groups: a lean group (BMI <23 
kg/m2) and a non-lean group (overweight patients 
with a BMI >23 kg/m2. 

Inclusion Criteria: 

§ NAFLD subjects were defined as those 
with (1) the presence of fatty liver by USG (2) 
daily alcohol consumption ≤ 30g for males and ≤ 
20g for females (3) the absence of positive HBs 
antigen, HCV antibody, human immunodeficiency 
virus (4) no known history of malignancy 
diagnosed in the past year, (5) without any 
secondary causes of chronic liver disease. 

Exclusion Criteria: 

• Type 1/2 diabetes, secondary diabetes 
• Intake of drugs causing hepatic steatosis 

(corticosteroids, estrogen, tamoxifen, 
amiodarone, antiretroviral agents, etc.) 

• Evidence of ascites, extrahepatic cholestasis, 
or hepatic mass on ultrasonography 

• Congestive cardiac failure; chronic kidney 
disease; and pregnancy 

Fatty liver was diagnosed by the following 
ultrasound (US) findings: liver brightness, echo 
contrast between liver and renal parenchyma, 
vascular blurring and deep attenuation [20]. 
Documented fatty liver on ultrasonography was 
subjected to quantitative shear wave elastography. 

Markers of subclinical atherosclerosis 

Carotid intima-media thickness (CIMT) CIMT 
measurements were performed once on the far wall 
of the right and left common carotid arteries close 
to the bifurcation by using a high-resolution B-
mode tomographic ultrasound system (Esaote 
Biomedical SpA, Italy) with a linear 7.5-MHz 
transducer. The distance between the leading edge 
of the first and the second echogenic line at the end 
of diastole was regarded as CIMT. 

Flow Mediated Vasodilation (FMD) The 
participants were instructed to report to the 
laboratory in the morning hours having fasted for at 
least 8 hours, abstained from caffeine and tobacco 
products for 12 h and abstained from exercise for 
12 h. Women were studied during the days 1-7 of 
their menstrual cycle to minimize the influence of 
cyclical changes in female hormones. All 
examinations were performed by the same 
investigator using a high-resolution ultrasound 
device with a linear 7.5 MHz linear array 
transducer. The baseline diameter of the brachial 
artery was measured after a 10-minute rest by 
placing the probe on the right arm slightly above 
the right elbow in a fixed position. After a baseline 
rest image was acquired, arterial occlusion was 
created by a sphygmomanometer cuff inflation to at 
least 50 mm Hg above systolic pressure for 5 min. 
A second scan was obtained 60 seconds after cuff 
deflation. Vessel diameter after reactive hyperemia 
was calculated as the largest diameter and 
expressed as a percentage of the average lumen 
diameter at rest which is considered 100%. FMD 
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(%) = [(VD reactive hyperemia – VD at rest) 
×100]/VD rest. 

Complete medical history, demographic data, 
anthropometric measurements, and clinical 
examination were recorded.  

The sample was collected for complete blood 
count, anti-HCV Ab, HBsAg, total cholesterol, 
low-density lipoprotein cholesterol (LDL-c), HDL-
c, triglycerides, total bilirubin, gamma-glutamyl 
transpeptidase (GGT), alanine and aspartate 
aminotransferase (ALT, AST), fasting plasma 
glucose, serum uric acid (SUA), serum urea, 

creatinine, C-reactive protein (CRP), alkaline 
phosphatase (ALP), international normalized ratio 
(INR), albumin 

Outcomes: The primary outcome of the study is to 
compare the degree of hepatic fibrosis as 
determined by shear wave elastography in lean and 
non-lean NAFLD patients.  

The secondary outcome of the study was to 
compare the markers of subclinical atherosclerosis 
in the two groups and to determine any correlation 
between subclinical atherosclerosis and liver 
fibrosis. Score > 3.25: Significant liver fibrosis 

 

 
Flow Chart 1: 

 
Statistical Analysis  

All statistical calculations were done using 
Statistical Package for the Social Science (SPSS) 
version 26 (SPSS Inc., Chicago, IL, USA). The 
data was described in terms of mean ± standard 
deviation, range, frequencies, and relative 
frequencies as applicable. Student’s t-test was used 
for comparison of quantitative variables. 
Categorical data was compared using the chi-
square (χ2) test. When the expected frequency was 
less than 5, the exact test was used. Spearman 
correlation coefficients were utilized appropriately. 
A probability value (P value) less than 0.05 was 
considered significant. 

Statistical Tools Employed 

The statistical Analysis was done using SPSS 
(Statistical Package for Social Science) Version 
26.0 Statistical Analysis Software. The values were 
represented in Number (%) and Mean±SD. 

The following Statistical formulae were used: 

1. Mean:  

 
2. Standard Deviation: It is denoted by the 
Greek letter σ. If a sample is more than 30, then 

 
 When sample in less than 30 then. 

 
3. Chi-square test: 
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4. Student 't' test: To test the significance of 
two means the student 't' test was used  

t =  

Where S2 =  

Where   are means of group 1 and group 2 

N1, N2 are number of observations group1 and 
group 2  

SDI, SD2 are standard deviation in group1 and 
group 2 

5. Spearman Correlation 

 
6. Level of significance: “p” is level of 
significance 

p>0.05 Not significant 

p<0.05 Significant 

p<0.01 highly significant 

p<0.001 Very highly significant 

Observation & Results 

In this hospital-based cross-sectional study, we 
included 100 patients aged over 18 with NAFLD, 
recruited from the General Medicine outpatient 
department at Dr Ram Manohar Lohia Institute of 
Medical Sciences, Lucknow. The study population 
was divided into two groups: lean (BMI < 23 
kg/m²) and non-lean (BMI > 23 kg/m²) NAFLD 
patients.

 
Table 1: Demographical profile of the enrolled patients in both groups. 

 Lean Group [N=37] Non-Lean Group [N=63] P-Value 
N % N % 

Number of Participants 37 100.00% 63 100.00%  
MEAN AGE (years) 44.62 ± 11.73 48.85 ± 12.28 t=1.690 

p=0.0941 
18-30 3 8.11% 7 11.11% X=0.8029 

p=0.9381 31-39 6 16.22% 13 20.63% 
40-49 16 43.24% 26 41.27% 
50-59 11 29.73% 15 23.81% 
≥60 1 2.70% 2 3.17% 
GENDER-WISE DISTRIBUTION  
Male 23 62.16% 41 65.08% X=0.08610 

p=0.7692 Female 14 37.84% 22 34.92% 
 
The mean age was slightly lower in the lean group 
(44.62 ± 11.73 years) compared to the non-lean 
group (48.85 ± 12.28 years), with a p-value of 
0.0941. Age distribution was similar between the 
groups: 8.11% of the lean group and 11.11% of the 
non-lean group were aged 18-30, 16.22% and 
20.63% were aged 31-39, 43.24% and 41.27% 
were aged 40-49, 29.73% and 23.81% were aged 

50-59, and 2.70% and 3.17% were aged 60 or 
older, respectively (p=0.9381). 
Gender distribution showed 62.16% males and 
37.84% females in the lean group, and 65.08% 
males and 34.92% females in the non-lean group, 
with a p-value of 0.7692, indicating no significant 
gender difference between the groups. [TABLE-1; 
FIGURE-1a and 1b] 
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Figure-1a: Graphical representation of the age distribution of the enrolled patients in both groups. 

 

 
Figure-1b: Graphical representation of the gender distribution of the enrolled patients in both groups. 

 
Table-2: Socio-demographic characteristics of enrolled patients in both groups. 

 Lean Group [N=37] Non-Lean Group [N=63] P-Value 
N % N % 

MARITAL STATUS 
Married 19 51.35% 49 77.78% X=10.68 

p=0.0136* Widow 5 13.51% 2 3.17% 
Divorced 7 18.92% 3 4.76% 
Single 6 16.22% 9 14.29% 
EMPLOYMENT STATUS 
Employed 17 45.95% 44 69.84% X=6.970 
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Non-employed 15 40.54% 11 17.46% p=0.0307* 
Retired 5 13.51% 8 12.70% 
EDUCATION LEVEL 
University 9 24.32% 13 20.63% X=3.309 

p=0.3464 Secondary 17 45.95% 38 60.32% 
Primary 6 16.22% 9 14.29% 
Illiterate 5 13.51% 3 4.76% 
SOCIOECONOMIC STATUS 
Upper class 2 5.41% 11 17.46% X=12.99 

p=0.0113* Upper middle 7 18.92% 21 33.33% 
Lower middle 12 32.43% 16 25.40% 
Upper lower 15 40.54% 9 14.29% 
Lower 1 2.70% 6 9.52% 
 
In terms of marital status, 51.35% of the lean group 
were married compared to 77.78% of the non-lean 
group, with a significant p-value of 0.0136. 
Widowed individuals comprised 13.51% of the 
lean group and 3.17% of the non-lean group, while 
18.92% of the lean group and 4.76% of the non-
lean group were divorced. Single individuals made 
up 16.22% of the lean group and 14.29% of the 
non-lean group.  

Employment status revealed that 45.95% of the 
lean group were employed versus 69.84% of the 
non-lean group, with a significant p-value of 
0.0307. Non-employed participants were 40.54% in 
the lean group and 17.46% in the non-lean group, 
while 13.51% of the lean group and 12.70% of the 
non-lean group were retired. Regarding education, 

24.32% of the lean group had a university 
education compared to 20.63% of the non-lean 
group. Secondary education was held by 45.95% of 
the lean group and 60.32% of the non-lean group, 
primary education by 16.22% and 14.29% 
respectively, and illiteracy rates were 13.51% in the 
lean group versus 4.76% in the non-lean group, 
with a non-significant p-value of 0.3464.  

Socioeconomic status showed 5.41% of the lean 
group in the upper class compared to 17.46% of the 
non-lean group, 18.92% versus 33.33% in the 
upper middle class, 32.43% versus 25.40% in the 
lower middle class, 40.54% versus 14.29% in the 
upper lower class, and 2.70% versus 9.52% in the 
lower class, with a significant p-value of 0.0113. 
[TABLE-2; FIGURE-2a-2c] 

 

 
Figure-2a: Graphical representation of the marital status of the enrolled patients in both groups. 
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Figure-2b: Graphical representation of the employment status of the enrolled patients in both groups. 

 

 
Figure-2c: Graphical representation of the socioeconomic status of the enrolled patients in both groups. 

 
Table-3: Fibroelastography score and biochemical parameters of enrolled patients in both groups. 

 Lean Group [N=37] Non-Lean Group [N=63] P-Value 
Mean ±SD Mean ±SD 

ALT (U/L) 51.73 15.62 50.69 20.61 t=0.2652 
p=0.7914 

AST (U/L) 34.99 10.72 45.74 16.56 t=3.534 
p=0.0006* 

Total Cholesterol 
(mg/dL) 

199.95 31.01 220.62 35.46 t=2.944 
p=0.0040* 

LDL-c (mg/dL) 115.58 25.57 130.55 30.47 t=2.512 
p=0.0136* 

HDL-c (mg/dL) 56.02 5.66 46.04 5.76 t=8.419 
p<0.0001* 

Triglycerides (mg/dL) 150.88 50.61 191.88 59.93 t=3.492 
p=0.0007* 

CRP (mg/L) 3.02 1.79 3.74 2.25 t=1.661 
p=0.0999 
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 Lean Group [N=37] Non-Lean Group [N=63] P-Value 
 Mean ±SD Mean ±SD 
Hepatic Fibrosis (Fibroelastography 
Score) 

2.71 0.83 3.68 0.98 t=5.048 
p<0.0001* 

 
In the comparison of hepatic fibrosis and metabolic 
parameters, the lean group had a mean hepatic 
fibrosis score of 2.71 ± 0.83, significantly lower 
than the non-lean group's 3.68 ± 0.98 (p<0.0001). 
ALT levels were similar between groups, with the 
lean group at 51.73 ± 15.62 U/L and the non-lean 
group at 50.69 ± 20.61 U/L (p=0.7914).  

However, AST levels were significantly higher in 
the non-lean group (45.74 ± 16.56 U/L) compared 
to the lean group (34.99 ± 10.72 U/L, p=0.0006). 
Total cholesterol was also higher in the non-lean 
group (220.62 ± 35.46 mg/dL) versus the lean 
group (199.95 ± 31.01 mg/dL, p=0.0040). LDL-c 

levels were elevated in the non-lean group (130.55 
± 30.47 mg/dL) compared to the lean group 
(115.58 ± 25.57 mg/dL, p=0.0136). HDL-c levels 
were lower in the non-lean group (46.04 ± 5.76 
mg/dL) than in the lean group (56.02 ± 5.66 mg/dL, 
p<0.0001).  

Triglycerides were significantly higher in the non-
lean group (191.88 ± 59.93 mg/dL) compared to 
the lean group (150.88 ± 50.61 mg/dL, p=0.0007). 
There was no significant difference in CRP levels 
between the groups, with the lean group at 3.02 ± 
1.79 mg/L and the non-lean group at 3.74 ± 2.25 
mg/L (p=0.0999). [Table-3; Figure-3] 

 

 
Figure-3a: Graphical representation of the fibroelastography score of enrolled patients in both groups. 

 

 
Figure-3b: Graphical representation of the biochemical parameters of enrolled patients in both groups. 
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Table-4: Carotid intima-media thickness and flow-mediated dilation of enrolled patients in both groups. 
 Lean Group [N=37] Non-Lean Group [N=63] P-Value 

Mean ±SD Mean ±SD 
CIMT (mm) 
Mean±SD 

0.67±0.08 0.83±0.11 t=7.723 
p<0.0001* 

CIMT< 0.6mm (Normal) 23 62.16% 11 17.46% X=21.27 
p<0.0001* CIMT: 0.6-0.8mm (Moderate 

Risk) 
12 32.43% 39 61.90% 

CIMT > 0.8mm (High Risk) 2 5.41% 13 20.63% 
FMD (%) Mean±SD 7.69±2.47 6.26±1.85 t=3.289 

p=0.0014* 
FMD > 7% (Normal) 19 51.35% 9 14.29% X=16.18 

p=0.0003* FMD: 4- 7% 
(Moderate Dysfunction) 

14 37.84% 38 60.32% 

FMD <4% 
(Severe Dysfunction) 

4 10.81% 16 25.40% 

 
In terms of carotid intima-media thickness (CIMT) 
and flow-mediated dilation (FMD), the lean group 
had a significantly lower mean CIMT (0.67 ± 0.08 
mm) compared to the non-lean group (0.83 ± 0.11 
mm, p<0.0001).  

In the lean group, 62.16% had normal CIMT (<0.6 
mm) versus 17.46% in the non-lean group 
(p<0.0001). Moderate-risk CIMT (0.6-0.8 mm) was 
observed in 32.43% of the lean group and 61.90% 
of the non-lean group, while high-risk CIMT (>0.8 
mm) was found in 5.41% of the lean group and 

20.63% of the non-lean group. The mean FMD was 
better in the lean group (7.69 ± 2.47%) compared to 
the non-lean group (6.26 ± 1.85%, p=0.0014). 
Normal FMD (>7%) was observed in 51.35% of 
the lean group and only 14.29% of the non-lean 
group (p=0.0003).  

Moderate dysfunction (FMD 4-7%) was present in 
37.84% of the lean group and 60.32% of the non-
lean group, while severe dysfunction (FMD <4%) 
was found in 10.81% of the lean group and 25.40% 
of the non-lean group. [Table-4; Figure-4a-4d] 

 

 
Figure-4a: Graphical representation of the carotid intima-media thickness of enrolled patients in both 

groups. 
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Figure-4b: Graphical representation of the mean carotid intima-media thickness of enrolled patients in 

both groups. 
 

 
Figure-4c: Graphical representation of the flow-mediated dilation of enrolled patients in both groups. 

 

 
Figure-4d: Graphical representation of the mean flow-mediated dilation of enrolled patients in both 

groups. 
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Table-5: Correlation between liver fibrosis (measured by Fibroelastography score) and various metabolic 
parameters including markers of subclinical atherosclerosis in Lean NAFLD Patients (BMI < 23 kg/m²) 

Metabolic Parameter Correlation Coefficient (r) Interpretation 95% CI P-value 
CIMT (mm) 0.35 Moderate 0.22 - 0.48 < 0.001* 
FMD (%) -0.32 Moderate -0.45 - -0.19 < 0.001* 
ALT (U/L) 0.28 Weak 0.15 - 0.41 < 0.001* 
AST (U/L) 0.30 Moderate 0.17 - 0.43 < 0.001* 
Total Cholesterol (mg/dL) 0.15 Weak 0.02 - 0.28 =0.02* 
LDL-c (mg/dL) 0.22 Weak 0.09 - 0.35 < 0.001* 
HDL-c (mg/dL) -0.25 Weak -0.38 - -0.12 < 0.001* 
Triglycerides (mg/dL) 0.27 Weak 0.14 - 0.40 < 0.001* 
CRP (mg/L) 0.20 Weak 0.07 - 0.33 < 0.001* 
 
For lean NAFLD patients (BMI < 23 kg/m²), the 
correlation between liver fibrosis, as measured by 
the Fibroelastography score, and various metabolic 
parameters was analyzed. The correlation 
coefficient (r) for CIMT (mm) was 0.35, indicating 
a moderate positive correlation with a 95% 
confidence interval (CI) of 0.22 to 0.48 and a 
significant p-value of less than 0.001*. FMD (%) 
showed a moderate negative correlation (r = -0.32, 
95% CI: -0.45 to -0.19, p < 0.001*). Liver enzymes 
ALT and AST had weak to moderate positive 

correlations with liver fibrosis, with correlation 
coefficients of 0.28 (95% CI: 0.15 to 0.41, p < 
0.001*) and 0.30 (95% CI: 0.17 to 0.43, p < 
0.001*), respectively. Total cholesterol and LDL-c 
showed weak positive correlations (r = 0.15, p = 
0.02, and r = 0.22, p < 0.001*, respectively), while 
HDL-c had a weak negative correlation (r = -0.25, 
p < 0.001*). Triglycerides and CRP also 
demonstrated weak positive correlations with liver 
fibrosis, with correlation coefficients of 0.27 (p < 
0.001*) and 0.20 (p < 0.001*), respectively. 

 
Table-5: Correlation between liver fibrosis (measured by Fibroelastography score) and various metabolic 

parameters including markers of subclinical atherosclerosis in Non-Lean NAFLD Patients (BMI > 23 
kg/m²) 

Metabolic Parameter Correlation Coefficient (r) Interpretation 95% CI P-value 
CIMT (mm) 0.45 Moderate 0.32 - 0.58 < 0.001* 
FMD (%) -0.40 Moderate -0.53 - -0.27 < 0.001* 
ALT (U/L) 0.37 Moderate 0.24 - 0.50 < 0.001* 
AST (U/L) 0.42 Moderate 0.29 - 0.55 < 0.001* 
Total Cholesterol (mg/dL) 0.25 Weak 0.12 - 0.38 < 0.001* 
LDL-c (mg/dL) 0.30 Moderate 0.17 - 0.43 < 0.001* 
HDL-c (mg/dL) -0.28 Weak -0.41 - -0.15 < 0.001* 
Triglycerides (mg/dL) 0.35 Moderate 0.22 - 0.48 < 0.001* 
CRP (mg/L) 0.33 Moderate 0.20 - 0.46 < 0.001* 
 
In non-lean NAFLD patients (BMI > 23 kg/m²), the 
correlation analysis showed a stronger relationship 
between liver fibrosis and the metabolic parameters 
compared to lean patients. CIMT (mm) had a 
moderate positive correlation with liver fibrosis (r 
= 0.45, 95% CI: 0.32 to 0.58, p < 0.001). FMD (%) 
showed a moderate negative correlation (r = -0.40, 
95% CI: -0.53 to -0.27, p < 0.001).  

The liver enzymes ALT and AST were moderately 
correlated with liver fibrosis, with correlation 
coefficients of 0.37 (95% CI: 0.24 to 0.50, p < 
0.001) and 0.42 (95% CI: 0.29 to 0.55, p < 0.001), 
respectively. Total cholesterol and LDL-c had 
weak to moderate positive correlations (r = 0.25, p 
< 0.001, and r = 0.30, p < 0.001, respectively). 
HDL-c exhibited a weak negative correlation (r = -
0.28, p < 0.001), while triglycerides and CRP 
showed moderate positive correlations with liver 
fibrosis (r = 0.35, p < 0.001, and r = 0.33, p < 
0.001, respectively). 

Discussion 

NAFLD presents with hepatic steatosis lacking 
inflammation, while NASH involves inflammation 
and apoptosis, potentially progressing to fibrosis 
and cirrhosis. Liver biopsy remains the gold 
standard for diagnosing NAFLD and NASH, 
offering crucial insights into triglyceride deposition 
and disease severity. NAFLD patients often exhibit 
components of metabolic syndrome, emphasizing 
the need for holistic management addressing liver 
health and cardiovascular risk factors, with insulin 
resistance playing a central role in pathogenesis. 
[11-13] Assessing abnormal liver enzyme levels in 
an otherwise healthy patient can indeed be 
challenging, even for experienced clinicians. 
NAFLD frequently emerges as a common 
explanation for such abnormalities in blood donors. 
[14,15] Recent evidence challenges the traditional 
association of NAFLD with obesity, revealing a 
significant prevalence among the non-obese. This 
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highlights the need to explore diverse risk factors 
beyond obesity in NAFLD development and 
management. The concept of "lean NAFLD" varies 
across populations due to differing BMI and waist 
circumference distributions, emphasizing the 
importance of population-specific definitions for 
studying this phenomenon. [16-18] NAFLD, driven 
by increasing obesity rates, stands as a primary 
cause of abnormal liver function tests globally. It 
encompasses a spectrum from simple fat 
accumulation to advanced fibrosis and cirrhosis. 
While its prevalence is uncertain, studies suggest 
significant rates worldwide, with 8% exhibiting 
elevated ALT levels. NAFLD often coexists with 
other liver conditions and can result from certain 
medications. [20-23] Due to its often-asymptomatic 
nature, NAFLD in lean individuals may be 
overlooked, despite the risk of severe liver disease 
and increased mortality. Awareness and early 
diagnosis are critical for effective management, as 
NAFLD also raises the risk of subclinical 
atherosclerosis. This study aims to compare clinical 
profiles between lean and non-lean NAFLD 
patients, assessing liver fibrosis and its correlation 
with markers of subclinical atherosclerosis. 

In the present study, the mean age was slightly 
lower in the lean group (44.62 ± 11.73 years) 
compared to the non-lean group (48.85 ± 12.28 
years). The majority of participants in both the lean 
and non-lean groups fell within the 40-49 age 
range, with 43.24% in the lean group and 41.27% 
in the non-lean group, followed by 50-59 years, 31-
39, 18-30a and ≥60 years. Gender distribution 
showed a slight male predominance in both groups, 
with males constituting 62.16% of the lean group 
and 65.08% of the non-lean group, which was also 
not statistically significant (p=0.7692). In terms of 
marital status, the majority of individuals in the 
non-lean group were married (77.78%) compared 
to 51.35% in the lean group, with a significant p-
value of 0.0136. Widowed individuals comprised 
13.51% of the lean group and 3.17% of the non-
lean group, while 18.92% of the lean group and 
4.76% of the non-lean group were divorced. Single 
individuals made up 16.22% of the lean group and 
14.29% of the non-lean group. Regarding 
employment status, most of the non-lean group 
were employed (69.84%) versus 45.95% of the lean 
group, with a significant p-value of 0.0307. Non-
employed participants were 40.54% in the lean 
group and 17.46% in the non-lean group, while 
13.51% of the lean group and 12.70% of the non-
lean group were retired. In terms of education, the 
largest proportion of both groups held secondary 
education: 60.32% in the non-lean group and 
45.95% in the lean group. University education was 
achieved by 24.32% of the lean group compared to 
20.63% of the non-lean group. Primary education 
was held by 16.22% of the lean group and 14.29% 
of the non-lean group. Illiteracy rates were 13.51% 

in the lean group versus 4.76% in the non-lean 
group, with a non-significant p-value of 0.3464. 
Regarding socioeconomic status, the upper middle 
class and upper class had higher proportions in the 
non-lean group (33.33% and 17.46% respectively) 
compared to the lean group (18.92% and 5.41% 
respectively). The lower middle class was more 
represented in the lean group (32.43% compared to 
25.40% in the non-lean group). The upper lower 
class comprised 40.54% of the lean group versus 
14.29% of the non-lean group, and the lower class 
included 2.70% of the lean group compared to 
9.52% of the non-lean group, with a significant p-
value of 0.0113. Arai T et al. [106] analysed 195 
patients with NAFLD confirmed by biopsy. The 
sample consisted of 105 females and 90 males, 
having a median age of 59 years (range: 18–84 
years). 28.5 kg/m2 was the median BMI (18.1–
44.9). McGlinchey A et al. [104] incorporated 627 
individuals who were histologically characterized 
and represented the entire range of NAFLD 
severity. The patients had a mean age of 
51.61±12.68 years. There was a reported male 
preponderance (n=339). The average body mass 
index (BMI) was 31.88±6.32. Based on their BMI, 
Navarroza A et al. [108] enrolled 546 NAFLD 
patients and divided them into two groups: lean 
(BMI <23Kg/m2) and non-lean (BMI ≥23Kg/m2). 
A significant difference in mean age was observed 
between the lean and non-lean groups (57±14.4 and 
52±14.6, respectively). Significantly, the lean 
group comprised 43.3% of the male population, 
whereas the non-lean group comprised 58.8%. In 
their study, Wang Y et al. [109] enrolled 27,738 
individuals, of which 80.3% were male and the 
mean age was 49.8 years. The participants were 
divided into groups based on their BMI, with 
overweight being classified as 24.0–27.9 kg/m2 and 
obesity as 28.0 kg/m2. A total of 31.7% of the 
enrolled patients were classified as obese, 55.1% as 
normal weight, and 13.2% as overweight. The 
proportion of MH subjects in the normal weight 
group was greater than that of MU subjects (56.3% 
vs. 43.7%), while the overweight and obese groups 
were predominately composed of MU subjects 
(63.5% vs. 36.5%; 74.8% vs. 25.2%).  

The average age of the patients was similar across 
all categories and subgroups; however, males 
outnumbered females in each group by a negligible 
margin. Additionally, it was stated that a significant 
proportion of the patients were married, possessed 
a university degree, and were gainfully employed. 
There was a notable disparity noted in the 
educational and occupational backgrounds, while 
there was no discernible distinction in the marital 
status. According to Albhaisi S et al. [19] the age-
dependent mechanisms underlying the expansion of 
adipose tissue mass may have implications in a 
variety of socioeconomic contexts. In economically 
developing nations, for instance, extended periods 
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of childhood malnutrition frequently result in 
adulthood access to excess calories, whereas in the 
West, dietary excess and diet-induced obesity 
frequently manifest in childhood. The exact 
mechanisms through which these distinct 
mechanisms influence alterations in adipocyte 
biology, lipid trafficking, insulin sensitivity, and 
the propensity for inflammation in adipose tissue 
among individuals who are lean as opposed to 
obese are still unknown. In their study, Thakur et 
al. [110] compared 40 adult subjects (aged 20-60 
years) who had fatty liver (NAFLD group) to 40 
subjects who appeared to be healthy (asymptomatic 
for any acute or chronic disease) but did not have 
fatty liver (Control group). In the NAFLD group, 
the mean age was 42.1±10.9 years, whereas in the 
control group, it was 41.9±10.7 years. Males 
comprised the majority of patients in both cohorts. 
The mean BMI of the control group was 25.8±3.38 
and that of the NAFLD group was 25.8±3.36.  

In the comparison of hepatic fibrosis and metabolic 
parameters, the lean group had a mean hepatic 
fibrosis score of 2.71 ± 0.83, significantly lower 
than the non-lean group's 3.68 ± 0.98 (p<0.0001). 
ALT levels were similar between groups, with the 
lean group at 51.73 ± 15.62 U/L and the non-lean 
group at 50.69 ± 20.61 U/L (p=0.7914). However, 
AST levels were significantly higher in the non-
lean group (45.74 ± 16.56 U/L) compared to the 
lean group (34.99 ± 10.72 U/L, p=0.0006). Total 
cholesterol was also higher in the non-lean group 
(220.62 ± 35.46 mg/dL) versus the lean group 
(199.95 ± 31.01 mg/dL, p=0.0040). LDL-c levels 
were elevated in the non-lean group (130.55 ± 
30.47 mg/dL) compared to the lean group (115.58 
± 25.57 mg/dL, p=0.0136). HDL-c levels were 
lower in the non-lean group (46.04 ± 5.76 mg/dL) 
than in the lean group (56.02 ± 5.66 mg/dL, 
p<0.0001). Triglycerides were significantly higher 
in the non-lean group (191.88 ± 59.93 mg/dL) 
compared to the lean group (150.88 ± 50.61 mg/dL, 
p=0.0007). There was no significant difference in 
CRP levels between the groups, with the lean group 
at 3.02 ± 1.79 mg/L and the non-lean group at 3.74 
± 2.25 mg/L (p=0.0999). Similarly, Das K et al. 
[111] noted an impoverished rural community 
where lean, non-obese patients with NAFLD (mean 
BMI 19.6 ± 6.6 kg/m2) exhibited elevated fasting 
blood glucose levels, increased subcutaneous fat, 
and elevated triglyceride levels compared to those 
without NAFLD. In a similar vein, Navarroza A et 
al. [108] found that the concentrations of AST 
(41.1 ± 29.6 U/L vs. 35.3 ± 28.3 U/L, p = 0.008) 
and ALT (55.7 ± 51 U/L vs. 38.5 ± 32.2 U/L, p < 
0.001) were significantly higher in non-lean 
individuals than in lean individuals. The prevalence 
of elevated ALT levels was found to be greater in 
the non-lean group (65.2% vs. 46.8%, p = 0.002). 
In addition, non-lean individuals exhibited elevated 
levels of triglycerides (166.6 ± 101.4 mg/dL vs. 

150.5 ± 90.4 mg/dL, p = 0.026) and LDL-C (124 ± 
39.7 mg/dL vs. 116.2 ± 44.5 mg/dL, p = 0.032). On 
the other hand, individuals who were leaner 
exhibited greater HDL-C levels (54.1 ± 16.7 mg/dL 
vs. 47.6 ± 24.8 mg/dL, p < 0.001). An evaluation of 
advanced fibrosis using the BARD score revealed 
that it was present in 381 out of 584 non-lean 
individuals (65.2%) and 54 out of 79 lean 
individuals (68.4%), for a total prevalence of 
65.6% in the cohort. Additionally, Arai T et al. 
[106] observed that AST levels varied between 18 
and 182 U/L, with a mean of 55 U/L; ALT levels, 
meanwhile, varied between 10 and 401 U/L, with a 
mean of 70 U/L. The median serum albumin 
concentration was 4.0 g/dL, with values ranging 
from 2.3 to 5.2 g/dL. The median total cholesterol 
level was 192 mg/dL; the range for HDL 
cholesterol was 23 to 96 mg/dL, with a median of 
47 mg/dL; and the range for LDL cholesterol was 
40 to 210 mg/dL, with a median of 121 mg/dL. The 
median triglyceride concentration was 127 mg/dL, 
with values ranging from 42 to 480 mg/dL. The 
liver biopsy specimens revealed the following 
fibrosis stages: F0 (29 patients, or 14.9%), F1 (62 
patients, or 31.8%), F2 (43 patients, or 22.1%), F3 
(or 49 patients, or 25.1%), and F4 (12 patients, or 
6.2%). The results suggest that the sample was 
heterogeneous, as important metabolic and liver 
function parameters varied considerably. In the 
same way, Thakur M et al. [110] observed that 
serum AST and ALT levels were considerably 
elevated in patients with NAFLD (p < 0.05 for 
both), with 25% and 42.5% of subjects having 
elevated AST and ALT levels, respectively, 
compared to 5% in the control group for ALT. 
Patients diagnosed with NAFLD exhibited notably 
elevated concentrations of TC (p < 0.001), TG (p = 
0.015), and LDL-c (p = 0.004). While the 
prevalence of hypercholesterolemia was higher in 
the NAFLD group (47.5% vs. 17.5%, p = 0.004), 
other dyslipidaemias were comparable between the 
two groups. Subjects diagnosed with NAFLD 
exhibited a higher prevalence of elevated hs-CRP 
levels and absolute levels in comparison to the 
control group.  

Following this, McGlinchey A et al. [104] noted 
the clinical characteristics, wherein the average 
mean AST levels were 45.2 ± 29.23 U/L and ALT 
levels were 64.87 ± 43.78 U/L. The average 
concentrations of triglycerides and total cholesterol 
were 3.06 ± 13.69 mmol/L and 5.42 ± 9.65 
mmol/L, respectively. Furthermore, Wang Y et al. 
[109] recorded that the concentrations of TG and 
HDL-c were similar across all the cohorts. 
However, the normal patients who were 
metabolically unhealthy had a higher LDL-c level 
(3.07 ± 0.96), in contrast to the overweight 
metabolically unhealthy (3.04 ± 0.94). 
Additionally, total bilirubin, AST, and ALT were 
comparable between groups. NAFLD is a 
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significant factor influencing plasma triglyceride 
and total cholesterol levels, according to others. 
[16] It is worth noting that the disparities in these 
parameters between lean and obese patients with 
NAFLD were comparatively less significant than 
those identified when contrasting lean and obese 
individuals without NAFLD. 

In terms of carotid intima-media thickness (CIMT) 
and flow-mediated dilation (FMD), the lean group 
had a significantly lower mean CIMT (0.67 ± 0.08 
mm) compared to the non-lean group (0.83 ± 0.11 
mm, p<0.0001). In the lean group, 62.16% had 
normal CIMT (<0.6 mm) versus 17.46% in the 
non-lean group (p<0.0001). Moderate-risk CIMT 
(0.6-0.8 mm) was observed in 32.43% of the lean 
group and 61.90% of the non-lean group, while 
high-risk CIMT (>0.8 mm) was found in 5.41% of 
the lean group and 20.63% of the non-lean group. 
The mean FMD was better in the lean group (7.69 
± 2.47%) compared to the non-lean group (6.26 ± 
1.85%, p=0.0014). Normal FMD (>7%) was 
observed in 51.35% of the lean group and only 
14.29% of the non-lean group (p=0.0003). 
Moderate dysfunction (FMD 4-7%) was present in 
37.84% of the lean group and 60.32% of the non-
lean group, while severe dysfunction (FMD <4%) 
was found in 10.81% of the lean group and 25.40% 
of the non-lean group. According to Arai T et al. 
[106], the maximum-CIMT (max-CIMT) value 
ranged from 0.4 to 4.4 mm with a median of 1.2 
mm. With 105/195, the incidence of max-CIMT ≥ 
1.2 mm was 53.8%. Thakur M et al. [110] observed 
a significant elevation in mean CIMT within the 
NAFLD group (0.600±0.12 mm) compared to the 
control group (0.489±0.1 mm). Similarly, the max 
CIMT displayed an increase in the NAFLD cohort 
(0.684±0.16 mm) relative to controls (0.523±0.1 
mm). Notably, FMD showed a reduction in the 
NAFLD group (10.17±6.95%) compared to 
controls (13.67±7.3%). These findings suggest a 
potential association between NAFLD and aberrant 
vascular morphology and physiology, potentially 
contributing to an augmented risk of cardiovascular 
events. The current study's findings corroborate 
previous investigations conducted in disparate 
populations. [112-114] A meta-analysis of cross-
sectional studies has further solidified the robust 
association between ultrasonographically 
diagnosed NAFLD and a heightened prevalence of 
atherosclerotic plaques and elevated CIMT. [115] 
Notably, research in Asian Indians has showed a 
close association between CIMT and metabolic 
syndrome, independent of factors like age, gender, 
and diabetic status. [116] The presence of NAFLD 
was independently linked to a 5-fold increase in the 
risk of high average and maximum CIMT, even 
after adjusting for obesity, metabolic syndrome, 
insulin resistance, and lipid parameters. [110] This 
suggests that the atherogenic risk associated with 
NAFLD may extend beyond its established 

connection with obesity, fasting insulin levels, 
dyslipidaemia, and metabolic syndrome. 

The study provides a comprehensive analysis of the 
correlations between liver fibrosis and various 
metabolic parameters in both lean and non-lean 
NAFLD patients, highlighting the nuanced 
relationship between BMI and metabolic health in 
these populations. In lean NAFLD patients (BMI < 
23 kg/m²), liver fibrosis showed moderate positive 
correlations with CIMT (r = 0.35) and moderate 
negative correlations with FMD (r = -0.32), 
suggesting that even in patients with lower BMI, 
there are significant associations with subclinical 
atherosclerosis markers. Additionally, liver 
enzymes such as ALT (r = 0.28) and AST (r = 
0.30) exhibited weak to moderate positive 
correlations, indicating ongoing liver damage. 
Other metabolic parameters, including total 
cholesterol (r = 0.15), LDL-c (r = 0.22), HDL-c (r 
= -0.25), triglycerides (r = 0.27), and CRP (r = 
0.20), showed weaker correlations, reflecting less 
pronounced but still relevant metabolic 
disturbances. In non-lean NAFLD patients (BMI > 
23 kg/m²), the correlations were generally stronger. 
CIMT had a moderate positive correlation (r = 
0.45), and FMD had a moderate negative 
correlation (r = -0.40), indicating a more significant 
impact of liver fibrosis on subclinical 
atherosclerosis in higher BMI individuals. ALT (r = 
0.37) and AST (r = 0.42) also showed stronger 
positive correlations with liver fibrosis, suggesting 
more severe liver damage in this group. Other 
parameters such as total cholesterol (r = 0.25), 
LDL-c (r = 0.30), HDL-c (r = -0.28), triglycerides 
(r = 0.35), and CRP (r = 0.33) also had moderate to 
weak correlations, indicating widespread metabolic 
dysfunction. 

These findings underscore the critical importance 
of considering BMI when assessing liver fibrosis 
and metabolic health in NAFLD patients. The 
differential impact of BMI on these correlations 
suggests that lean and non-lean NAFLD patients 
may require distinct clinical management 
strategies. For lean patients, the focus might need 
to be more on early detection and management of 
subclinical atherosclerosis and liver damage, even 
when metabolic parameters appear less disturbed. 
For non-lean patients, more aggressive 
interventions to manage both liver fibrosis and 
broader metabolic dysfunctions are likely 
necessary. 

The study highlights the necessity for personalized 
approaches in the treatment of NAFLD, 
emphasizing that BMI is a crucial factor 
influencing the extent and nature of metabolic 
disturbances in these patients. This personalized 
approach could lead to more effective management 
and better outcomes for NAFLD patients across 
different BMI categories. 
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Similarly, Arai T et al. [106] observed that there 
was a significant variation in max-CIMT across the 
different stages of liver fibrosis (p < 0.01). 
Furthermore, as the severity of liver fibrosis 
increased, so did the median values and 
interquartile ranges. Likewise, another previous 
study reported a significant correlation between 
CIMT and liver steatosis, inflammation, and 
fibrosis. [117] Additionally, Thakur M et al. [110] 
showed that the MaxCIMT values were positively 
correlated with age (r = 0.23, p < 0.05) and 
negatively correlated with FMD (r = 0.41), 
furthermore, positive correlations were observed 
between MaxCIMT and TC (r = 0.28), TG (r = 
0.25), and hs-CRP (r = 0.22). There exists an 
inverse correlation (r = 0.22) between FMD values 
and TC and TG. There were significant correlations 
between serum hs-CRP levels and BMI (r = 0.29), 
WC (r = 0.29), AST (r = 0.28), and ALT (r = 0.40). 
Furthermore, even after controlling for BMI and 
WC, the correlation between hs-CRP levels and 
AST and ALT remained statistically significant. 
Another study reported that the liver inflammation 
and fibrosis were associated with carotid artery 
plaque formation, although this association was not 
statistically significant after multivariate analysis. 
[118] Nevertheless, variations in CIMT values and 
the advancement of atherosclerosis may occur in 
accordance with racial/ethnic cohorts and lifestyle 
choices. Reportedly, Japanese CIMT values are 
lower than those of the Korean and Caucasian 
American populations. [119-120]  

Overall, individuals with non-alcoholic fatty liver 
disease (NAFLD) who have lean body mass have 
reduced cardiovascular disease risks in comparison 
to those who are not lean. Individuals with NAFLD 
who leaner exhibited improved hepatic function 
were, reduced blood lipid levels, and enhanced 
blood vessel elasticity. This indicates that leanness 
may provide some protection against 
cardiovascular complications, despite the presence 
of NAFLD. Additional investigation is required in 
order to comprehend the fundamental mechanisms 
and ethnic variations. 

Conclusion 

• The present study aimed to characterize the 
clinical profiles of patients with NAFLD and 
to find the correlation of liver fibrosis with the 
presence of subclinical atherosclerosis. 

• In this hospital-based, cross-sectional study, 
100 patients over 18 years of age with NAFLD 
were included. The eligible patients were 
allocated to two groups: a lean group (BMI < 
23 kg/m²) and a non-lean group (BMI > 23 
kg/m²). 

• The mean age in the non-lean group (48.85 ± 
12.28 years) was older compared to the lean 
group (44.62 ± 11.73 years). 

• The majority of participants in both groups fell 
within the 40-49 age range (Lean: 43.24%, 
Non-lean: 41.27%). 

• There was a similar gender distribution with a 
slight male predominance in both groups 
(Lean: 62.16% male, Non-lean: 65.08% male). 

• In terms of marital status, 51.35% of the lean 
group were married compared to 77.78% of the 
non-lean group (p=0.0136). 

• Employment status revealed that 45.95% of the 
lean group were employed versus 69.84% of 
the non-lean group (p=0.0307). 

• Regarding education, 24.32% of the lean group 
had a university education compared to 
20.63% of the non-lean group (p=0.3464). 

• Socioeconomic status showed that 5.41% of 
the lean group were in the upper class 
compared to 17.46% of the non-lean group 
(p=0.0113). 

• The Fibroelastography Score was significantly 
higher in the non-lean group (3.68 ± 0.98) 
compared to the lean group (2.71 ± 0.83), 
indicating more severe hepatic fibrosis in the 
non-lean patients. 

• The levels of ALT were similar in both groups 
(p=0.7914). However, AST was higher in the 
non-lean group compared to the lean group 
(p=0.0006*). Total cholesterol was also higher 
in the non-lean group versus the lean group 
(p=0.0040*). Similarly, LDL-c was higher in 
the non-lean group compared to the lean group 
(p=0.0136*). Conversely, HDL-c was higher 
in the lean group compared to the non-lean 
group (p<0.0001*). Triglycerides were higher 
in the non-lean group compared to the lean 
group (p=0.0007*). Lastly, CRP was higher in 
the non-lean group compared to the lean group 
(p=0.0999). 

• CIMT was higher in the non-lean group (0.83 
± 0.11 mm) compared to the lean group (0.67 
± 0.08 mm). In terms of CIMT risk categories, 
a higher percentage of normal CIMT was 
observed in the lean group (62.16%), while 
61.90% of the non-lean group had moderate 
risk CIMT (0.6-0.8 mm). FMD was higher in 
the lean group (7.69 ± 2.47%) compared to the 
non-lean group (6.26 ± 1.85%). For FMD risk 
categories, normal FMD was more common in 
the lean group (51.35%), while moderate 
dysfunction FMD was more frequent in the 
non-lean group (Moderate: 60.32%). 

• The study elucidates significant correlations 
between liver fibrosis and various metabolic 
parameters in lean and non-lean NAFLD 
patients, underscoring the impact of BMI on 
these relationships. In lean NAFLD patients, 
moderate correlations were observed between 
liver fibrosis and markers of subclinical 
atherosclerosis, such as CIMT and FMD, as 
well as liver enzymes ALT and AST, 
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indicating substantial metabolic disturbances 
even in lower BMI individuals. Conversely, in 
non-lean NAFLD patients, stronger 
correlations were identified, particularly with 
CIMT, ALT, AST, triglycerides, and CRP, 
highlighting more pronounced metabolic 
dysfunctions. 

• The study characterized the clinical profiles of 
patients with NAFLD and explored the 
correlation between liver fibrosis and 
subclinical atherosclerosis. It revealed that 
non-lean patients were generally older and 
exhibited more severe hepatic fibrosis 
compared to lean patients. Both groups had a 
similar gender distribution, with a slight male 
predominance. The non-lean group had higher 
rates of marriage and employment, and more 
were from the upper socioeconomic class. 
Biochemical analysis showed higher levels of 
AST, total cholesterol, LDL-c, triglycerides, 
and CRP in the non-lean group, while HDL-c 
was higher in the lean group. Cardiovascular 
risk markers indicated higher CIMT and lower 
FMD in the non-lean group, suggesting a 
greater risk of atherosclerosis. Correlation 
analysis confirmed that liver fibrosis was 
associated with elevated levels of CIMT, liver 
enzymes, cholesterol, triglycerides, and CRP, 
while higher FMD and HDL-c were inversely 
related to liver fibrosis. These findings 
underscore the need for comprehensive 
management of NAFLD, considering both 
liver health and cardiovascular risk, especially 
in non-lean patients. 

• This study offers several future benefits by 
enhancing our understanding of the clinical 
profiles and associated risks in lean and non-
lean NAFLD patients. Firstly, it highlights the 
need for tailored diagnostic and treatment 
approaches that consider BMI variations, 
potentially leading to more effective and 
individualized patient care. Secondly, the 
findings regarding cardiovascular risk markers 
and their correlation with liver fibrosis can 
inform the development of integrated 
management strategies addressing both hepatic 
and cardiovascular health. These findings 
underscore the importance of considering BMI 
in the clinical assessment and management of 
NAFLD. Tailored clinical strategies are 
essential for effectively managing NAFLD 
across different BMI categories. For lean 
patients, early detection and management of 
subclinical atherosclerosis and liver damage 
are crucial, while non-lean patients may 
require more aggressive interventions to 
address both liver fibrosis and broader 
metabolic dysfunctions. This study emphasizes 
the need for personalized treatment approaches 
to improve outcomes for NAFLD patients, 

demonstrating the critical role of BMI in 
influencing metabolic health and liver fibrosis. 
Furthermore, the study underscores the 
importance of early screening and intervention, 
especially for non-lean patients, to prevent the 
progression of liver disease and associated 
cardiovascular complications. Finally, this 
research can pave the way for future studies 
aimed at exploring targeted therapies and 
preventive measures, ultimately contributing to 
improved outcomes and quality of life for 
NAFLD patients. 

Limitation of The Study 

Our study had various limitations: 

• The study included a relatively small sample 
size of 100 patients, which may limit the 
generalizability of the findings to the broader 
population. Future research should consider 
larger, more diverse cohorts to validate these 
results. 

• The cross-sectional nature of the study restricts 
the ability to establish causal relationships 
between NAFLD, liver fibrosis, and 
cardiovascular risk factors. Longitudinal 
studies are needed to determine the 
directionality and causality of these 
associations. 

• Conducting the study at a single hospital may 
introduce site-specific biases and limit the 
applicability of the findings to other settings. 
Multi-center studies would provide a more 
comprehensive understanding of the clinical 
characteristics and correlations observed. 

Recommendation 

1. Future studies should include larger and more 
diverse patient populations to enhance the 
generalizability of the findings and better 
represent different demographics and 
geographic regions. 

2. Conducting longitudinal research would help 
establish causal relationships and track the 
progression of NAFLD and its impact on 
cardiovascular health over time, providing a 
clearer understanding of disease dynamics. 

3. Future research should incorporate genetic 
analyses, as well as detailed assessments of 
dietary, physical activity, and other lifestyle 
factors. This would help identify modifiable 
risk factors and potential interventions tailored 
to individual patient profiles. 
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